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Preface

The first edition of Macroeconomic Theory and Polxcy grew out of my lec-
tures to the advanced undergraduate and graduate levels, in the late 1960s,
at Princeton University. Similarly, the new and revised material in this
second edition has been developed as a result of teaching macroeconomic
courses at Princeton, and as a visitor at the University of Stockholm and
the Institute for Advanced Studies in the Social Sciences in Vienna during
the turbulent period since 1972. The basic objectives and methodology of -
the first edition are retained, but the second edition has been thoroughly
revised, with three new chapters added, to refiect the macroeconomic events
and theoretical advances in the 1970s.

In this second edition, I still try to meet three objectives concerning
substance (what material is presented), while adhering to three principles
concerning methodology (how the material is presented). Concerning sub-
stance, I want first to give the reader a fairly thorough discussion of the
structure of the macroeconomic system and the theoretical questions and
controversies concerning this basic structure before getting down to the
details of empirical estimates of the precise shape of the economy. So the
first substantive objective is to display to the reader the skeleton of the
macroeconomy and how its parts interact, before we get into controversies
concerning the precise measurement of the body. This basic theoretical
overview is accornphshed in Part II, after three brief introductory chapters
deal with the national income accounts and basic multiplier models from

the principles course.

The second substantive objective is to provide a fairly thorough review

‘of the empirical work that has been done to date on the various sectors of
- the economy that we dlscuss -in skeletal form in Part II. This review in-
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PREFACE

cludes development of alternative theories concerning consumer behavior,
investment demand, and so on; the empirical estimates that have been
developed on the basis of these theories; and the modifications of the basic
structure that these estimates require. This basic empirical review, which is
meant to acquaint the student with typical quantitative relationships in the
U.S. economy, is accomplished in Part 111

Finally, I have integrated the static theory of income determination with
modern growth theory and with the recent work in medium-term dynamics.
In the new Part IV, several of the dynamic mechanisms that take the eco-
nomy from the short-run equilibrium of Part 1I,to the long-run growth
paths of Part V are discussed. In Part V of this edition, 1 introduce the
readers to some of the important results from growth theory, such as the
“turnpike theorems™ of optimal growth, and also to some of the problems
of growth theory, such as the unexplained “residual” in economic growth.
Thus, integration of static general equilibrium theory and growth models
comes in Parts IV and V. Since the dynamics of Parts IV and V is a faitly
recent development in economic theory, and the empirical counterpart to
Part 111 has not yet been developed, the book ends with the growth theory
of Part V.

Concerning methodology, my first principle is to present a general equi-
librium view of the macroeconomy, in which we analyze supply and demand
in several aggregate markets, impose the equilibrium condition that supply
equals demand at the equilibrium price, and then study the interrelation-
ships between the sectors as government monetary and fiscal policy vari-
ables change. This approach is clear in Part II, where the macroeconomy
is developed from the single-market model of the Keynesian multiplier (in
which only the product market for goods and services is considered), to a
multi-sector model which includes product, money, and labor markets. At
the end of Part IH we add a foreign exchange market and the exchange rate
in developing the foreign sector.

The second methodological principle I follow is to develop the aggregate
macroecononic functions from basic microeconomic principles. For ex-
ample, in Chapter 16 the T ion function is d from
the ic theory of beh . This principle is “Tollowed
both to give the reader an intuitive feeling for the relation of the macro-
cconomuc functions to observed individual behavior, and to erase the

b micro- and macr s that ps 1o

y ¥

many economics cumcula

The final 1, or itional, principle is to juxtapose
verbal (or literary), graphical, and algebraic di of the material. This
technique developed naturally in the Princeton lectures in response to a
division among the students roughly into one group with a good economics
background but little mathematics and anothcr——mos(ly engifieers—with
mathematical training but little economics. This kind of paratlel develop-
ment makes the material easily accessible to students with ot without mathe-
matical trammg At the same t|mc this technique may help to interest

in ical modes of ysis, while permitting
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* students with a mathematical background to develop new insights into
~ “real-world” economics.

. The book focuses on policy questions and the current *state of the art”
in macroeconomics, bringing in doctririal controversies only where they are

~ relevant to current problems. I have not footnoted references in the text;

whenever theories or results associated with particular individuals are dis-

~ cussed, the appropriate references are included in the selected readings.

Revisions in the second edition reflect both advances in macroeconomic
theory and macroeconomic events since the first edition went into produc-
tion in 1971. The major macroeconomic events were the deep worldwide
recession of 1974-1975 and the subsequent “stagflation™—persistence of
inflation with high unemployment. This has led macroeconomic research to
shift to an emphasis on the supply side of the economy. This shift is re-
flected in Part II of the second edition, which has been thoroughly revised
to incorporate the role of expectations and shifting availability of raw
materials on the aggregate supply curve, and in a new Chapter 18 on in-
flation and unemployment in the 1970s that has been added to Part IV.
The Part II revisions include a complete renovation of Chapter 6 to include
the role of price expectations; incorporation of search theories of unem-
ployment in Chapter 8; and analysis of incomes policy in Chapter 9.
Throughout Part II we pay attention to shifts of aggregate supply as well
as demand.

An important theoretical development in macroeconomics during the
last ten years has been the reinterpretation of the static equilibrium model
of Part Il as a short-run model of general equilibrium with price rigidities,
nonclearing markets, and quantity rationing. While most of Parts II and
H1 remain within the framework of general equilibrium with flexible prices.
and wages, wage rigidity is explicitly discussed in Chapter 8, and the effects
of rationing are discussed in the sectoral chapters of Part III. A complete
exposition of the model when markets do not clear is provided in new
Chapter 16 of Part III, adapted by John Muellbauer and Richard Portes
from their paper published in the Economic Journal. 1 want to thank them
for the care they took in integrating this new approach into the text.

Another major revision in the second edition reflects current research in
macroeconomics on the medium-term dynamics between short-run equi-
librium and the long-run growth path. This movement from short-run to
long-run is the focus of Part 1V, especially in new Chapters 18 and 19. Of
course, throughout the second edition, the data, examples, empirical esti-
mates, and suggested readings are all updated.

In preparing the second edition, I have incorporated suggestions from
correspondents too numerous to mention here. I want to thank them all,
and for particularly extensive comments, I should thank Ruben Almonacid,
Daniel Christman, Rolf Clark, Carl Gambs, Ray Lewis, James Price, Bruce
Rettig, Case Sprenkle, and Ronald Sutherland. Robert Schiller at the Uni-
versity of Pennsylvania kindly.provided runs on the MPS model for Part
I11. I have, of course, learned a lot from colleagues and students at Princeton
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who have used the text. Among my colleagues, particular thanks go to
Stephcn Goldfeld, Dwight Jaffee, and Alan Blinder, who read the new draft
of Chapter 6. Among students, I especially want to thank Louka Katseli-
Papaefstratiou, now teaching at Yale, for both general comments and a
careful reading of the drafis of Chapters 6 and 19.

, Special thanks also go to Sheila Lionet, who typed the manuscript under
difficult conditions, and to Princeton graduate students Julie Nelson and
Julio Rotemberg, who provided many hours of research assistance from the
beginning of the revision to the final entry in the index. The editors at
Harper and Row have also been helpful and expert.

In this edition I will follow Pauf Samuelson’s dictum and dedicate it to
Kris, Billy, and Emily, three super children.

William H. Branson
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Actual and Potential GHP:

Fluctuations and Growth

In microeconomic theory, full employment of resources is generally assumed,
so that the focus of the analysis is on the determination of relative prices and
the allocation of scarce resources among alternative uses. On the other hand,
inits now traditional form, macroeconomics focuses on the level of utilization
of resources—especially the level of employment—and the general level of
prices. In addition, macroeconomics is turning more toward the question of
what determines the rate of growth.of resources—the growth of potential
output—as well as the determinants of their level of utilization at any one
time.

The focus of classical microeconomics on the allocation of scarce re-
sources for their best uses implicitly assumed that full employment—scarcity
of resources—is the normal state of the economy. If the economy is operating
at substantially less than full employment, resources are, at least temporarily,
really not scarce, and the opportunity cost of additional output of almost any
kind is about zero—more total output can be produced by simply reducing
unemployment. Because the U.S. economy, for example, suffered major
recessions or depressions with high unemployment in the years 1907-1908.
1920-1921, and 1930-1939, the relevance of classical microeconomics was
bound to be questioned by more than just the hard-core skeptics.

The Development of Macroeconomics

Partly as a reaction to the Great Depression—that's what the historians call
it, even though one suspects the péople living then didn’t think it was so
great—of the 1930s, and with the publication of Keynes' The General

3



AN INTRODUCTION TO MACROECONOMICS

Theory of Employment, Interest and Morey in 1936, modern macraeconomics
has developed as an analytical framework for understanding what causeg
large, and sometimes prolonged, fluctuations in the level of employment,

From 1950 to the early 1970s post-Keynesian macroeconomic analysis
focused almost exclusively on those fluctuations in employment that had
their origins in fluctuations in aggregate demand. Implicit in this demand.
oriented analysis, and soon made explicit, was the explanation of how to
prevent such fluctuations, that is, how to keep the economy operating near
full employment. Once this became understood in the penod from World
War Il to 1972, the y was kept op y close to its full.
employmcm level, with excepuons in 1949 1954 1958, 196\ and 1970. These
recessions were mild, with unemploymem reaching at most 7 percent, com.
pared with the unemployment tates of 15-25 percent i the 1930s.

In 1974 a deep recession developed that had its origins in a shift in
aggregate supply, a possibility largely ignored by previous macroeconomic
analysis. By 1975 the unemployment rate reached 9 percent The shift i the
source of fluctuations has moved macroeconomics on to the study of supply-
side fluctuations—completing the earlier story begun on the demand side,
This work is included at several points in this book to integrate both demand
and supply disturbances into the analysis o[ﬂucxuanons 1 employment.

One important of the d of modern macro.
economics, which has taught us reasonably well how to mamtain full employ.
ment, is tha! it restores the importance of classical microcconomucs, ay
suggested by Samuelson’s term the neaclassical synthesis. I the econamy iy
operating near full employment, the theory of the optimum allocation of
scarce resources is once again valid and crucratly important. Increases
output under these conditions do have opportumity costs; for example, a
$25 billion increase in defense spending from mid-1965 to mid-1967, once the
economy had reached roughly full employment n {965, had to come from
reduced output somew here. In that case, it came mamnly from reduced output
of housing and consumer’s durables, at a time when famufy formation was
soaring

The other major result of approximate mastery of the theory of income
determination has been the recent turn of the macroeconomust's attention to
dynamic questions of growth in the 1960s, and the medium-term dynamics
that move the economy from imtial equilibnium towards a long-run growth
path in the 1970s Growth theory studies the guestions of what determnes the
level and rate of growth of potental or lull-employment output. Medium.
term dynamics studies the dynamic mechanisms that would tend to bring the
economy toward the potential growth path.

‘While the macroeconomic theory of income determination has been the
subject of research, debate, clarification, and more research since the 1930s,
the theory of these dynamic aspects has really been a development of the
1960s and 1970s, Dynamic theory s still n a much more “theoretical,” and
much less empirical or applicable, condition than income determunation ot
stabilization theoty. Concrete results for economic policy are yet to come,
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But it seems clear that the theories of medium-term dynamics and growth and
their applications are now at the frontier of macroeconomic theory; that is
why this book departs from the usual format of macroeconomics texts or
treatises to offer a fairly thorough treatment of some issues in medium-term
dynamics and aggregate one-sector growth models and to examine the
empirical evidence we do have concerning the dynamic process. While we
may not be able, at this level, to take the student right to the front lines of
macro theory, the least we can do is give him a brief tour of the intellectual
combat zone.

Actual and Potential Output

Most of macroeconomic theory in its current stage of development focuses
on two main questions:

- 1. What determines the path—level and rate of growth—of full-employ-
ment or potential output? This is the question of growth theory.
2. What determines the level of actual output relative to potential at any
one time? This is the question of income determination or stabilization
theory.

A third question concerning the behavior of the price level—the rate of
inflation—can be added to the second of these two central questions, and it
too occupies a good deal of space here.

THEORY AND POLICY

Implicit in these two questions, and inextricably bound up with them, are
questions of policy. If we know, for example, that the level of actual output
depends, atleast.in part, on the level of the money Supply, theti we also kriow,
“at least in part, how.to.change the level of output if it is unsatisfactorily low.
Thus, it is almost impossible to talk about theory without implying possi-
bilities for policy, and the best way to approach policy is probably by studying
theory and its empirical applications.

In this book we deal with the two main questions in inverse order, mostly
because, as is suggested earlier, much more is known about stab.ilization
theory and, especially, policy than about growth theory and its applications.

. For this reason, the traditional macroeconomics course focuses on .the

.. problem of income determination and its implications {or stabilization policy.
Before we go on to a brief preview of the methods we use in Parts II-IV, it
should be useful to review the movement of actual and potential gross
national product (GNP), unemployment, and prices in the U.S. economy
since 1960. This is to give the reader a feeling for the relationships between
these variables and also for the context in which this book is set.
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THE RECORD: 1960~1976

Movements of actual and potential output—or real GNP—are shown in
Figure 1-1(2) for the period 1960-1976 The movement of the unemployment
rate—the fraction of the labor force that is unemployed—is shown in Figure
1-1(b). Finally, in Figure I-I(c}, we show the rate of increase of the consumer
price index (CPI).

The potential real GNP line in Figure I-1(a} shows the real GNP that
would be produced with an unemployment rate just under 5 percent. This is
the Council on Economic Advisers’ rough estimate of the unemployment rate
consistent with full employment, given the fact that full employment is
literally impossible. The potential GNEline hasaslape thatseflects the rate of

zrowth of potentia) output. The current rate of 3.5 percent may be denrved by~ ™
taking the average growth rate in labor supply, 1.8 percent during the last
decade, and subtracting the annval 0.3 percent decline in the work week.
Adding to this a 2.0 percent growth rate in labor productsvity gives a rate of
1.5 percent for growth of potential output,

The actual GNP line in Figure 1-1(a} is just that—the real GNP actually
produced. The difference between potential and actual GNP is the GNP

ap—the amount of output lost when actual output falls short of poferitiat™=.
and Unemploy 5umem Tises above 4.9 pereent,, T e —

Figure 1-1{b) pfois The Unemployment rate corresponding to the gap in
Figure 1-1(a) Tn general, the Jarger.the. GNP gap is, the greater the un-
employment rate will be. A rule of thumb characterizing this relationship was ~

RRETSPed by Arihur Okun, Roughly, OAuns.fow,states that a 3 percent
increase in real GNP will yield a1 percentage-point decrease in the un-
employment rate. Figure [-1(c) shows the pefcentage (annualj raté of change

"1 {he CPiAhe rate of inflation—corresponding to the GNP gap and
unemployment-rate series. Comparison of Figures {-1(b) and 1-1(c) shows
that, in general, gs_the unemployment.sate is reduced, the rate of mfiation
niscs Thus is the Plillips curte relationship between unemployient and the
Tate of mnflatian that s discussed in Chapter 18 10T also inierésting that from
1961 to early 1965, as the unemployment rate gradually came down, there was
no perceptible increase in the rate of nflation But the further drop in un-
employment from early 1965 to 1966 brought a sharp increase in the rate of
inflatinn. and the mai of a level of demand nressure that kgot
unemployment below 4 percent from 1966 through 1969 generated a con-
tinuing inflation that only showed faint signs of slowing by mid-1970.

The 1960s opened with unemployment at a cyclical peak of 6 7 percent
inthe sccond quarter of 1961 (1961 1), and, correspondingly, actual real GNP
ata cyclical trough with a GNP gap of $35 billion in 1972 dollars. The price
level was very stable as a result of the mai ofslack d d conditi
since 1958 The unemployment rate peaked at 7.1 percent 1n 1958 11 and feil
o(r;ly ‘I‘I’ 49 percent in 1959 1T before flattening out and then nising to 6.7 in
1961 I1.

The gradual closing of the GNP gap and reduction of unemployment
from 1962 to mid-1965 was due to d d d for output, stimulated
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by a series of expansionary fiscal policy actions combined with a mildly
expansionary growth of the money supply that averaged 3.1 percent per
year from 1961 1 to 1965 1. In 1961 the Administration increased federal

government exp di to the and in 1962 revisions of
the investment tax laws to fiberalize dcprtqauou allowam:a and provide a
tax credit on purchases of new eq demand.

When in late 1962 the rate of grow\h and the unemployment rate flattened
out, the Administration proposed a tax cut in January 1963 to give the
economy a | l’unher boost. The tax cut was passed in March 1964, adding 1o

d. This lus, along with a continued expansion of the
money supply, took the economy almost up to full employment by mid-1965,
as can be seen in Figure 1-{a).

At this point, in mid-1965, the story of stabilization policy in the 1960s
was a success story. Fiscal and monetary policy had reduced the GNP gap
from $35 billion in 1961 to zero by 1965, unemployment was close to 4
percent, and the rate of inflation, while beginning to rise, was still under
2 percent. To be sure, the stabilization problem in 1961 was fairly easy, or
seems so with the advantage of hindsight, With stable prices, a large GNP
gap, and high unemployment, the right direction for policy was obvious:
Expand! The expansion was carried out in a gradual, noninflationary way;
the only real difference of opinion that appeared was whether the fiscal
stimulus proposed in 1963 should come from a tax cut, boosting consumer

ding, or from an in public spending on housing, health, and

oahet programs. Thc decision came down on the side of a tax cut, partially

Considering the difficulty that the Administration

la(cr had in first deciding to proposc, and then getting Congress to pass, a tax

when excess d d, it seems clear to this author that the

mcrcascd~spendmg route would have been preferable, but the record is hard
1o fault in terms of stabilization policy, per se.

In mid-1965 the expansion of the Vietnam War began an extremely rapid
expansion of federal purchases of goods and services in the defense sector.
In 1965 I11, these expenditures stood at $50 billion; by 1966 111 they had nsen
to $63 billion, and by 1967 IH they stood at $73 billion—an increase of nearly
$25 billion, or 50 percent, in two years. This huge stimulus to demand was
not balanced by the tax increase needed to yeduce private-sector demand,
and money supply growth continued from mid-1965 to mid-1966 at 5.5
percent. So with no offset to the large and unexpecied (from the point of view
of economic policy makers) increase in demand from the federal budget,
unemployment feli below 4 percent in 1966, and the rate of inflation rose to
nearly 4 percent, as shown in Figure 1-1(c).

Then in the middle of 1966 the Federal Reserve halted the rate of growth
of the money supply—{rom June 1966 to January 1967 it did not grow at
all—and the investment tax credit (ITC) was suspended. Credit tightness
reduced housing demand substantially by restricting mortgage credit, and
business investment fell off in fate 1967 duc to both credit tightness and
suspension of the ITC. These steps reduced the growth of demand and actuat
output, and the reduction 1 demand pressure brought the unemployment
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rate up slightly in late 1967. The rate of inflation also flattened as a result of
eased demand pressure.

With the economy slowing in late 1966, the Federal Reserve permitted
the money supply to resume its growth at an annual rate of 7.0 percent from
January to June 1967, and the investment tax credit was restored in March
1967. To balance these expansioriary moves, in January 1967 the Administra-
tion requested a temporary income tax increase, to become effective in July

- ’ 1967, to slow down the growth in consurher demand. However, the tax

increase was not passed until July 1968, and by then the combination of

continued money supply growth of 6.4 percent from June 1967 to June 1968

and the further increase in Federal government purchases of $5.8 billion in

o defense and $3.7 billion in nondefense areas from 1967 11 to 1968 111 had
pushed the unemployment rate back down to 3.6 percent and rdised the rate

of inflation to 5.1 percent. Passage of the explicitly temporary income tax

increase of about 2 percent in July 1968 did little to dampen demand. while

- money supply growth continued into early 1969.

Finally, in late 1968 and early 1969 the gtowth of government purchases
slowed; there was almost no increase in purchases from 1968 Il into 1970,
At the same time the growth of the money supply was again slowed in early
1969 and held to 1 percent in the last half of 1970. Even with the expiration
of the income tax increase—half in Jdnuary 1970 and half in July 1970—this
shift to a restrictive monetary and fiscal policy slowed the growth of demand
in late 1969, and during 1970 a GNP gap of about $30 billion reappeared.
The unemployment rate was up to 6 percent at the end of 1970, and the first
signs of a slowdown in the rate of inflation were appearing.

Thus, in early 1971, it appeared that the economy, in a way, was coming
back to a positionsimilar to its starting point in 1960, but with a smaller GNP
gap relative to potential GNP, and an unemployment rate around 6-6.5
percent instead of the 6.5-7 percent of 1961. The reduction in demand
seemed to be slowing the rate of inflation, so that in 1971 the economy might
begin another gradual expansion with stable prices and slowly falling
unemployment. .

However, this pleasant scenario, written in early 1971, did not describe
the actual developments that followed. The inflation, recession, and recovery
of the 1970s are analyzed in detail in Chapter 18; here we conclude this
narrative with a short summary.

In mid-1971 the unemployment rate peaked at 5.7 percent. The rate of
inflation was falling from 5.5 percent in the first quarter of 1971 to 4.7 percent
in the second quarter, and 3.6 percent in the third. This steady fall in the
inflation rate was not apparent at the time, and in August 1971 the Admi.nis-
tration began the first phase of wage and price controls, which continued into
1974. .

With the controls in place, the Administration provided a sub§tantial
stimulus to demand in 1972 (an election year). Federal purchases, which had
been in the $97-99 billion range from 1968 through 1971, jumped to $105
billion in 1972. The money supply grew 8.8 percent from the end of 1971 to
the end of 1972. The result, with a lag, was a drop in the unemployment rate
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from its 5.7 peak at 5.1 percent at the end of 1972 and eventually to 4.6 percent
in mid-1973.

‘This rapid expansion put upward pressure on the rate of inflation again,
and the shortfall of agricultural output in 1972 and the oil price increases of
1973 and 1974 resulted in a sudden jump in the inflation rate. Monetary and
fiscal policy shifted to neutrality in 1973 and were drastically tightened in
1974 in reaction to the jump in inflation. In real terms government purchases
fell by 8 percent from 1972 10 1974, and the rate of growth of the money stock
was held to just over 5 percent in 1974, in the face of an inflation rate rising to
13 percent by the end of the year.

The effect of the monetary and fiscaf squeeze in 1974 was apparent in the
unemployment rate, which rose to 9 percent, and in the rate of inflation, which

. was about 7 percent in mid-1975. At that point, however, the recession hit

bottom, and gradual expansion began once again.

Although economic recovery started in the second half of 1975, the 1973
pre-recession GNP was not reached until 1976, With the economic stimulus
of tax cuts and monetary growth, overall unemployment declined, hovering
between 7 and 8 percent during 1976 and falling under 7 percent by mid-
1977. With a more stable oil price, the rate of inflation fell to about § percent
by the end of 1976.

Continued economic growth should be possible for the remainder of
the decade, assuming a continuous but gradual recovery during 1977-79,
but full employment by 1980 or 1981 is not yet assured.

SOME IMPLICATIONS FOR MACROECONOMIC THEORY

From our brief description of the main macroeconomic events of the period,
and from a study of the data in Figure 1-1, certain relationships between the

jables should be pp: Furst, the
between actual output and the unemployment rate suggests lhat the l:vcl of
output isafi o nt. This production function P

developed in Chapter 6 and is used Lhroughou( the rest of the book.
Second, as suggested above, there appears to be an inverse relationship
between the level of unemployment and the rate of inflation as the economy
because of d d-side disturbances, This Phillips curve relation-
ship is introduced in Chapter I8 as an important part of the economy's
medium-term dynamics
Finally, we have the notion of actual output regulated by the level of
demand, which is, in turn, strongly affected by monetary and fiscal policy
changes-—movements in the money supply, government purchases, and tax
rates. Much of Parts IT and 11 focuses on the effects of changes in these
variables, singly or in combinations, on the level of cutput, employment, and
the price level. We begin analysis of the effects of stabilization policy changes
with a review of simple multiplier analysis in Chapter 3 and then carry that
analysis to increasing levels of complexity in Chapters 5, 9, and 14,
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An Analytical Approach to Macroeconomics

" In Parts II and III, we use an aggregate general equilibrium approach to
" build a theory explaining movements in output, employment, and the price
level. We introduce, in turn, a product market for goods and services, a money
market, and a labor market. Together with the production function linking
output and employment, demand-and-supply equilibrium conditions in these
three markets jointly determine the equilibrium levels of four key variables—
output, employment, the price level. and the interest rate.

In general, what happens in one market affects all markets in a general
equilibrium framework; so in Part II, where we focus on the skeletal anaiytic
framework of the system. the emphasis is on simultaneity and interaction
between markets.

AN EXAMPLE OF SIMULTANEITY BETWEEN MARKE;FS

Consider a major increase in the efficiency of a transactions mechanism—the
introduction of a widely held and accepted credit card system. This is “like”
an increase in the money supply in that a given stock of money will finance
an increase in annual transactions. This will tend to reduce interest rates,
since people can reduce cash holdings and buy interest-earning bonds. The
increase in bond demand bids bond prices up and interest rates down. The
drop in interest rates essentially raises investment demand by making
borrowing cheaper. Increased investment demand raises sales and income
and pulls the price level up. The increase in output and the price level raises
employment.

In the meantime, higher income and price levels tend to raise the demand
for money, so that to a certain extent the effect of the original stimulus of the
credit card is offset. Eventually, the system settles to a new equilibrium with
higher levels of output, prices, and employment, and a lower interest rate. The
initial disturbance in the money market has spread through the other markets
in the “model,” as it would spread through the entire economy in the real
world. The important point in Part II is developing an intuitive under-
standing of this kind of simultaneity.

CONNECTION TO THE “REAL WORLD"”
THROUGH EMPIRICAL RESULTS

The discussion of empirical findings in Part II1 is designed to add richness or
texture to the analytical framework of Part 1. We see what both theory and
practical experience with economic data tell us, for example, about how lorgg
it takes for one variable, say, investment demand. to react to changes in
another-variable, say, the interest rate. We also discuss whether temporary
tax changes have different effects on the level of consumer spending than
permanent ones.
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Selected Readings

While Part 11 is meant to help develop an understanding of the bare
analytics of the macroeconomic system, Part I should help in developing
a kind of guantitative intuition concerning the relationships between the
basic macroeconomic variables: How long do things take to react and how
large will the reactions be?

To begin at the beginning we need a brief review of the national income
accounts, which both define many of our key macroeconomic variables—
consumption, investment, and so on—and provide a social accounting
framework for later analysis. This review is presented in Chapter 2, Part 1
then closes with a brief review in Chapter 3 of the basic income determination
analysis from the initial economic principles course.

Couneil of Economic Adwisers, dnnual Reports (Washington, D.C.: Government
Printing Office), January 1962, pp. 39-56; January 1966, pp 39-44; February 1971,
chapter 3, January 1977, pp 48-57

P K Clark, “A New Estimate of Potential GNP”, (Council of Economic Advisers,
1977; processedj

W. W. Heller, New Dimensions i Polircal Economy {Cambridge, Mass.: Harvard
University Press, 1966), chapters 1-2.

A. M. Okun, The Political Economy of Prosperity (New York W. W. Norton, 1970),
chapters 1-2, and appendix

A. M. Okun, “The Gap Betwcen Actual and Potential Output™, in The Batile Against
Unemployment, A. M. Okun, ed. (New York W W Norton, 1965).

G. L. Perry, “Potential Output and Prod Y™, kings Papers on Ec
Actmaty, vol 2, 1977,




Review of
the National Income
and Product Accounts

The National Income and Product Accounts—{requently referred to as
NIA—are the official measurement of the flow of product and income in
the economy. The accounts are maintained by the Office of Business Eco-
nomics (OBE) of the Department of Commerce and are published in a
monthly OBE publication called the Survey of Current Business. Many of
the economic aggregates, such as consumer expenditure, business invest-
ment, and so on, that this book deals with, are defined in the accounts,
which also provide a framework for analyzing the level of economic activity.
So we begin our analysis of income determination with a brief review of
the accounts.

The product side of the national accounts measures the flow of currently
produced goods and services in the economy. The income side of the accounts
measures the factor incomes that are earned by U.S. workers in current
production. On the product side, the flow of goods and services currently
produced by U.S. workers is measured by expenditures on these goods and
services by consumers, businesses, government, and foreigners. The counter-
part to this flow of expenditures on final product is national income, which
measures income received by factors of production—compensation of
employees profits pald to owners of capital, earnings of proprietors, and
so on—in compensation for producing the final product.

This means that the product and income sides are two different measures
of the same continuous flow. The product side measures expenditures on
output. ‘These expenditures then become payments compensating the factors
that produced the output. These factor incomes then are disposed of in
consumer expenditure, tax payments, saving, and transfer payments to

13



14

AN INTRODUCTION TO MACROECONOMICS

foreigners. Thus, we can view gross national product (GNP) 1n three dif-
ferent ways-—all measuring identically the same flow. The first is GNP
measured by expenditure on final product; the second is GNP measured by
the type of income generated in production; the third is GNP measured
by the way this income is used, or disposed of The first and third of these
measurements give us the basic GNP identity that is fundamental to the
study of ec ics on an T “macro”—level:

C+I+G+(X~M=GNP=C+S5S+T+R,. m

The left-hand side of this identity measures GNP by expenditures on
final product. Here C is penditure; 7 is busi) expendi! on
plant, equtp i ies, and dential construction, all agdregated
nto gross private domestic investment: G is total {federal, state, and Jocal)
government purchases of goods and services; {X — M) is net exports.

The right-hand side of (1) measures GNP by the way income eamed in
production 1s disposed of. Here C, again, is consumer expenditure; § is
total saving by consumers and by businesses in the form of depreciation
allowances and retained earnings; T is niet tax payments (total tax receipts
less transfer, wmnterest, and subsidy payments by all levels of government);
R, is transfer payments to foreigners by private citizens, for example, in
private pension plans or donations to internationat relief efforts.

Much of this chapter shows how expenditures on final product, the
feft-hand side of (1), are translated into the disposition of income earned in
production, the right-hand side of (1), through the income accounts. This
exercise serves several purposes. First, it explicitly justifies the identity (1),
which is basic to all the macroeconomic theory that follows, by showing
the reader how the national income and product accounts “hang together.”
Second, it is designed to give the reader a feel for the quantities involved
Macroeconomic theory, like all theory, involves a great deal of abstraction,
and 1t will be useful for the reader to be able to translate the theory, more
or less continuously, back into the relevant national accounts categories.
Finally, a review of the accounts introduces the reader to the categories of
economic variables commonly dealt with in macroeconomic theory. The
theory deals with aggregated variables; a tour through the accounts makes
clear what these aggregated categories are

The next section of this chapter discusses some basic principles under-
lying the accounts. We then introduce the idea of a circular flow of product
and income behind the GNP identity (1). Next we describe the major ex-
penditure aggregates on the product side of the accounts and trace the
come flows back to the income side. We finish this description of the
accounts by looking at both the saving-investment balance in the economy
and the distinction between nominal, or money, GNP measured in current
prices, and teal GNP measured in base-year prices Next, since much of our
later discussion of policy focuses on the government budget, we take a
closer look at the government sector of the accounts and compare this to
the federal unified budget that the President submuts annuaily to Congress.
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Finally, we end the chapter by raising some questions about the use of
GNP as a measure of national welfare.

Some Principles Behind the Accounts

There are a few basic ideas underlying the construction of the accounts that
should be kept in mind as we go through them. Here, four of these ideas,
which seem particularly relevant to our purposes, are briefly discussed.
Keeping an eye ori them will help prevent confusion in the later discussion.

The first point is that the accounts should aggregate economic variables
in a way that is useful for economic analysis. In general, this means tiat
“like” expenditures, or incomes, should be aggregated together, and “un-
like” expenditures should be separated. On the product side of the accounts,
this principle means that sectors of expenditure should be aggregated by
who does the spending, that is, into expenditures by consumers, businesses,
governments, and foreigners. This is a useful way to aggregate, since pre-
sumably each of these different kinds of expenditure is related to a different
set of motivations, and thus to a different set of other economic variables.
For example, consumer spending is probably related to consumer income
and perhaps wealth, as we see in some detail in Chapter 10; business in-
vestment may be related to such variables as expected sales, profits, and the
cost of capital, as Chapter 11 shows; government spending is determined by
a political process only distantly related to consumer and business spending
decisions, and net exports depend to a great extent on foreign incomes and
prices.

Second, the accounts measure the expenditure and income stream that
comes from current production of goods and services. Transactions that
transfer ownership of existing assets are, in general, not reflected in the

- ) accounts because they do not involve currenit production. For example, an
individual’s purchase of a used car will enter the accounts only insofar as
the purchase price exceeds the sale price of the previous owner, reflecting
some value added to the car by the services and facilities of the used car
dealer, which presumably facilitate trading and thus add to output. In a
case where the owner sells directly, the transaction involves only the trade
of one existing asset—the car—for another, presumably cash or checking
account deposits, with no value added by a used car dealer. The transaction
involving purely an asset exchange has no direct effect on current production
and thus does not enter into the national income accounts. Of course, it
may have indirect effects on consumer expenditure since the mixture of
assets on both sides has changed. The seller now has liquid funds that may
increase his spending, while the buyer may reduce spending for just the
opposite reason. But these are indirect effects that would be observed, to
the degree they. occur, in current consumer expenditure items.

The last two points are related to the oricntation of the accounts toward
the measurement of total output as an (obviously imperfect) indicator of
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welfare. Consi with an indivi ic view of welfare, consumer expen-
diture is counted as final demand, ralher than as an input to the labor
force. This t of exp may seem obvious here.
However, 1n any forced-fabor economy, such as a slave state, the consump-
tion by the labor force would be treated as a cost of’ mamtammg the capital
stock, just as is the cost of maintaini plant and in the U.S.
While the forced-labor economy example is an extreme case, arguments
have been made, for example, to count the cost of transportation to and
from work as a business cost rather than a consumer expenditure.

The other related pont is that, where possible, output is valued at
market price. This reflects the lusion from micr ics that, in a
competitive economy, the market price of a good represents its marginal
utility to the buyers, and the market price of a labor service represents s
marginal disutility to the sellers.

The procedure of valuing output at market price even in a competitive
economy can hold only for the output of the business sector; most govern-
ment services are not sold and it is hard to measure output in the house-
hold sector. Thus, these two sectors measure output as equal in value to
input, while the accounts measure business output, which is about 85 per-
cent of GNP, at market price.

The Circular Flow of Product and Income

The flow of product and income in a simple two-sector economy with only
households and firms is shown in Figure 2-1. The top pair of arrows repre-
sents product markets, in which the households exchange money for goods
and services provided by the firms. The dashed *Product measure” line
cutting these two arrows represents the product-side measure of GNP, This
measures the flow of output by the total expenditure by households on
that flow.

The bottom pair of arrows represents factor markets, in which the firms
exchange money for the services provided by the houscholds—wage pay-
ments for labor scrvices, profits for capital services. Again, the dashed
“Income measure” lme represcnls the income side of GNP, It measures the
flow of services p d b ds by the factor i they receive.
These two flow measures should give the same reading for GNP: output =
GNP = income.

Here we should point out the importance of not double-counting when
we measure GNP, that is, of not adding the product and income measures
together. The GNP loop of Figure 2-1 says that we can measure GNP by
final output or by total input; intermediate goods must not be counted in
the final output measure.

Another term for total input, measured by total factor income, is value
added. GNP measured by final output should be equal to GNP measured
by value added, as shown by the following example rliustrated in Figure 2-2,
which traces the steps from the coal and iron mines to the final sale of a




A REVIEW OF THE NATIONAL INCOME AND PRODUCT ACCOUNTS - 17

Figure 2-1
= The circular flow of
e Lroduct and income.

ure 2-2

lue added and final

:put.

Product
measure

Firms : Households

A

(all steel?) car to a consumer. Suppose manufacture of a $3.4 thousand car
measured at retail value takes $2.9 thousand worth of steel, which in turn
requires $0.7 thousand of coal and $1.9 thousand of iron to manufacture.
Then we have the chain of events shown in Figure 2-2, in which the mines.
using only capital and labor inputs, sell $2.6 thousand of output to the
steel firm, which adds $0.3 thousand in capital and labor costs to produce
$2.9 thousand of steel. The auto manufacturer adds another $0.3 thousand
to make an auto for $3.2 thousand, and the dealer adds $0.2 thousand in
services to sell it at $3.4 thousand to the consumer.

Coal N $0.7
Steel | Auto Auto |
Mines Mill 329 Plant 320 Dealer -5-5-;-) Buyer |
$1.9
Iron .
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Now GNP in this case can be measured either by the value of the final
sale, $3.4 thousand, which répresents an upper {oop transaction in Figure 2-1,
or by value added in production, representing the lower loop in Figure 2-1,
In the example, total value added is $2.6 thousand by themines, $0.3 thonsand
at the mill and at the auto plant, and $0.2 by the dealer, for a total of $34
thousand, the same as the final output measure of GNP, Thus, when we look
at the product-side measure of GNP, we should remember that we're fooking
at final output; the income side measures value added,

Figure 2-1 obviously could be expanded to include a government,
which buys goods and services from firms and services from households in
exchange for money, and recewves tax receipts, implicitly in exchange for
government services. We will not go into this expansion here, because
the point on double-counting can be made most easily in the context of
Figure 2-1 as it stands. We now tum to a description of U.S. national
income and product as actually measured in the official accounts, working
toward a verification of the identity of equation (1).

GNP on the Product Side

On the product side of the accounts, GNP can be measured as total ex-
penditure on final U.S. output, the upper loop of Figure 2-1. The accounts
break down this expenditure by four major sectors—consumer expenditure,
business investment, govemmenl purchases, and €Xports. United States
output can go to US of ion goods output,
C,; US. busi t of plant and equip output plus residential
mvestment, I3 US federal, state, and local governments’ purchases of*
US. output, G,; and total exports, X. Thus, we have as an allocation of
total output,

GNP =C+ I, + G, + X. 2)

But US. 3 h of d output are equal to total con-
sumer expenditure C less imports of consumer goods, M,, U.S. business’
nvestment purchases of equipment are equal to total equipment purchases
I less capital goods imports, M,; and government purchases of U.S. output
are equal to total government purchases, G, less purchases of foreign goods
and, especially, services, such as maintaining U.S embassies or armed forces|
abroad, for example, M,. Thus, we also have as an allocation of total
output,

GNP=(C~-M)+{I-M)+(G-M)+ X
=C+14+GH+(X - M),

where M is total imports. Equahon {3) is the basic product-side identity i
which toral ure, m government purchases, ani
net exports add up to GNP. Another way 1o see the relation between th
two identites in (2) and (3) 15 shown in Table 2-1, where M, + M;+ M,
add up to total imports. Read across, this table shows the re!alions betw

3)
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Table 2-1
GNP on the Product Side

Ca=C~ M,

/3=l"M.'

Gi=G—M,

X=X
GNP=C+ 1+ G+ (X~ M)

total expenditures, domestic expenditures, and imports by sector, and, read
down, the table shows GNP.

The major product-side components of U.S. GNP for 1977 are shown
in Table 2-2. Besides scanning the numbers to get an idea of the relative
size of the sectors, the reader should notice several items. First, about
15 percent of consumer expenditures are on durable goods, with a lifetime
over one year. There is some question concerning whether these should be
treated as a separate investment category, with the output of the goods
entered as investment goods, and consumer use of their services, measured
by depreciation or an implicit rental price, entered in consumer expenditure
on services. For example, if all consumer durables were owned by leasing
firms, as is sometimes the case with autos, sales of the goods would enter

Table 2-2

GNP and Its Major Components, 1977 (§ billion)
GROSS NATIONAL PRODUCT (GNP) - $1880
* PERSONAL CONSUMPTION EXPENDITURES 1211
Durable goods i 180
Nondurable‘goods ! 481
Services 5§51
GROSS PRIVATE DOMESTIC INVESTMENT - 294
Business fixed investment 185
Structures 61
Producers’ durable equipment 124
Residential structures 91
Change in business inventories 18
NET EXPORTS OF GOODS AND SERVICES . -1
Exports - : 175
Imports . 186
GOVERNMENT PURCHASES OF GOODS AND SERVICES 395
Federal 145
National defense . ’ 84
Other : 51
State and local ] 250'

' SOURCE: Survey of Current Business, April 1978. ‘
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into business investment and the rental prioe would enter into mnsumer
expenditures.

A second related point is that from 25 to 30 percent of total mves(ment
is in residential structures. Houses, of course, are the most important single
consumer durable, and they are treated in the accounts in exactly the way
suggested above for all consumer durables. All residential structures are
entered 1n the accounts as investment as they are being built—the Census
Bureau measures quarterly the value of residentia) construction put in
place. In the case of rental housing, rents enter consumer expenditure on
services. For owner-occupied housing the OBE imputes a gross rental value
to the house and adds it to consumer expenditures on services; on the
mcome side an imputed net rental income is added.

The last thing to notice about the investment component in this briel

B Teview 15 xhaLur;gggwmmJn_blxmssim/_&ies This is the
change in the stock  of nventories from the beginning of the accounting
§ period 1o the end. The change i inventory companent 1s perhaps the most
volatile sector of the accounts, at least on the product side, and it is im-
portant 1n our discussion in Chapter 3 on the relationship between two
nterpretations of equation (1): as an identity that always holds and as an
equtlibrium condition that is true only when income and product are in
equilibrium.

Finally, the breakdown of total government purchases of goods and
services between the federal defense, federal nondefense, and state and local
categories should be noticed. Total state and local government purchases
are larger than total federal purchases. In addition, about 70 percent of
federal purchases are for national defense. This is because almost all federat
defense expenditures are purchases of goods and services—such items as
tanks and military pay—while only 20 percent of nondelense expenditures,
are purchases The rest of these expenditures are transfer payments, interest
payments, and grants to state and local governments. These are not pay-
ments for currently produced goods and services, and thus do not enter
GNP directly. Rather, they are recorded on the income side as offsets to
tax receipts-~as negative tax payments~—as we will see in the discussion of
the disposiion of national income.

SN Jy Type o Anvame and Natinea! Lnsame

The translation of GNP at market pnce—the product-side measure of

GNP as measured by expendnure—m National Income (NI}—the sum of

factor incomes earned in producing GNP—1s shown in Table 2-3. Starting

from GNP, capual ton all es (CCA)—d of plant,
equipment, and residential structures—are subtracted 10 obtain net nauonal

N product (NNP). CCA, of course, are part of bustaess cash flow and also
are a major part of gross business saving, as we will see shortly. To state

, the basic identity (1), which 13 in terms of GNP, in terms of NNP, we can
’ subtract CCA from I, making investment net, instead of gross, and from S,
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Table 2-3 . . .
GNP by Type of Income, 1977 (S billion)
GROSS NATIONAL PRODUCT (GNP} " s18%0
» fless Capital consumption allowances 197
NET NATIONAL PRODUCT (NNP}) 1693
less Indirect business taxes 165
Business {ransfer payments . 9
Statistical discrepancy 0
plus Net subsidies to government enterprises 2
NATIONAL INCOME (NI) i 1521
Compensation of employees 1156
Proprietors’ income 98
Rental income of persons 25
Corporate profits 140
Net interest 101

SOURCE: Survey of Current Business, April 1978.

reducing the business saving component of S to net, instead of gross, busi-
ness saving.

There are one major and three very minor items between NNP and
National Income. The major item is indirect business tax (IBT) payments.
These represent the difference between what buyers pay for final product
and what sellers receive—the receipts from excise and sales taxes. Since it
is the amount that sellers receive, net of IBT, that is converted into factor
payments, IBT must be subtracted from NNP to go to National Income,
which is essentially NNP measured at factor cost, rather than market price.
IBT will enter the T component of the income side of the GNP identity (1).

The first of the minor items between NNP and NI, business transfer
payments, is mainly business gifts to nonprofit foundations and write-offs
of bad debts. These must be subtracted because they are a part of business
receipts from sales that are not passed on as factor incomes. Later, in
Table 2-4, we will see that business transfers are added back in as we go
from National Income to Personal Income.

The statistical discrepancy is the difference between GNP measured on
the income and product sides due to the fact that the statistical bases for
the two measurements are independent of, or at least different from, one
another. The income-side measure comes from such items as personal and
corporate tax returns and employment tax returns—payments into the
social security and unemployment compensation funds. The product-side
measure is built up from sales, inventory, and shipments data. The two
measures will never exactly coincide. A negative discrepancy says that the
income-side measure is greater than the product side. The statistical dis-

_ crepancy is included in saving in the GNP identity; measured income that
" does not show up in product-side expenditures is assumed to be saved.

The other minor item between NNP and NI is net subsidies paid by

governments to government enterprises, such as TVA or state liquor stores.

[N



22

AN INTRODUCTION TO MACROECONOMICS

Table 2-4
Allocation of GNP on the Income Side, 1977 {§ billion)

» 1250
fess Capita) consumption allowances

NNP
less Indirect business taxes
Busmess lranster payments
Stapistica) discrepancy
plus Net Subsidies

Nt

294

fess Cacparate prohts
Corporate profits 1ax
Dividends.
Net business saving
Net interest
Cantributions for soctal Insurance
plus Government transter payments
Personal interest income
Netinterest
tnterest paid by govertment to
persons and business
tess Interest received by government
Interest paid by consumers to business
Dividends
Business Transfer Payments

PERSDNAL INCOME {P])
Jess Personal tax payments
DISPOSABLE PERSONAL INCOME (DP))
fess Personat saving
Transters to foreigners
Interest pald by consumers to business.

CONSUMER EXPENDITURE 21

SQURCE*+ Survey of Current Business Apri 1978

These emcrprises are in the business sector, so on the product side their

u(pul is measured at sales vatue. But if they ineur losses, on balance, their

o factor i for current production exceed the value of

thcxr output by the amount of the loss, which is, in turn, made up by a

net subsidy from government. So these net subsidies must be added n to

NNP to get NI. These net subsidies enter the basic GNP identity (1) as
negative tax payments on the income side.

The last five lines of Table 2-3 show the breakdown of National Income
by factor shares, before direct tax payments These are, then, gross factor
incomes. The tategories of factor incomes should be self- explanalory Inan
effort to only real contributi to GNP, proprictors’ income,
rental income, and corporate profits are adjustcd for depreciation through
capita} consumption allowances. Proprictors® income and corporate prof its
are also shown net of capl(al gains due to price increases on existing in-
ventory holdings by including inventory valuation adj
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Itiis mterestmg to note that if we exclude proprietors’ income, the share

of national income gding to compensation of employees in 1977 was about

.- 80 percent, with 20 percent for property income; so that these would be
. -the shares of national income to labor and capital if propnetors income
were divided proportionately to total national income. It is, however, very
difficult to determine what fraction of propnetors income is due to the
‘store-owner’s capital and what ‘fraction is due to his labor. If it were all
capital income, the labor share would have been about 76 percent in 1977;

if it were all labor income, the labor share would have been about 82 percent.

The Dispositieh of Natiohal Income

The final step in our review of the accounts is to allocate GNP and National
Income among the income-side components of the GNP identity, consumer
expenditure C, saving S, tax payments T, and private transfers to foreigners
R,. We do thlS by going down the income side from GNP to National
Income to Personal Income to stposable Personal Income to Consumer
Expenditure, allocating each item that is taken out of GNP along the way
to S, 7, or R, so that at the end, when only C is left, we have a sum
C + S+ T + R, that equals GNP.-

The steps from GNP down to consumer expenditure on the income side
are shown in Table 2-4, allocated among S, 7, and R,. The reader should
notice that since the components C + S + T + R, add up to GNP, the
items that are added in going down the income side from GNP at the top
of Table 2-4 to consumer expenditure at the bottom, are either subtracted
in the allocation of the items to S, T, and R, or canceled out by subtraction
farther down in the progression to consumer expenditure.

The three items that are subtracted in allocation to an income-side cate-
gory are net subsidies to government enterprises—“Net Subsidies” in

“Table 2-4—government transfer payments, and government interest, which
are all offsets to tax revenues 7. Thus, the total for T on the income side
is the net tax revenue—the ner withdrawal from the income stream caused
by the combined tax receipts less transfer payments of the federal, state,
and local governments. Viewed another way, government transfer payments
for such items as social security, unemployment compensation, and public
assistance are not payments for current output, and therefore not in G, but
rather negative tax payments to be included with a minus sign in T.

The other plus items going from GNP to ‘Consumer Expenditure—
personal interest payments and business transfer payments—are canceled
by subtraction items elsewhere in the same chain from GNP to consumer
expenditure. Thus, the sum € +S + T + R, does, in fact, add up to GNP.

In the last section we discussed the items between GNP and NI. Here
we can briefly discuss the items in Table 2-4 between NI and consumer
expendlture Gomg from NI to Personal Income (PI) involves subtracting
factor incomes that do not get passed on to persons as gross before-tax

-income and adding items that enter PI but are not in NI The fourth item

£
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under NI in Table 2-4, net business saving, is linked to the first item, corporate
profits, by the following definition:

Net business _  Corporate Corporate .
saving = profits T profitstax Dividends,  (4)
Thus, net business saving is the same as retained earnings, the fraction of
profits not paid out in taxes or dividends. Net business saving plus CCA is
gross business saving.

Contributions for somal msurance (CSI) include both employer and
employee payments of social security taxes, unemployment compensation
taxes, and the like. These are taken out going from NI to PI and are part
of government receipts in the accounts.

As shown above, government transfers and interest payments are added
to NI and are treated as negative entries in 7. These payments redistribute
income between the (overlapping) groups who pay taxes, on the one hand,
and receive transfer payments and intetest on government debt, on the
other hand.

The rest of the entries are straightforward. Personal interest and business
transfers are both canceled elsewhere. Persona) tdx payments, allocated to
T, take vs from Pl to disposable personal mcome (DPY), which is personal
mncome after taxes, Personal tax payments also include expenditures for
such 1tems as tolls and licenses. DPI 1s divided into personal saving which
enters S, transfets to foreigners—remittances to relatives in the old country,
personal interest payments that cancel the previous addition going from
NI to PI, and consumer expenditure.

Summary of the GNP Xdentity

The final allocation of DPI finishes the allocation of GNP to the income-
side components C + S + T + R, In Table 2-2 we show the composition
of GNP on the product side of the accounts. Table 2-3 shows the transla-
tion from GNP to NI and the composition of NI by factor incomes, Finally,
Table 2-4 demonstrates how GNP and N1 are allocated between the income-
side components. This verifies the basic GNP identity,

C+I+G+(X - M)=CNP=C+S5S+T+Ry, {5)

which plays an important anz{lyucal role throughout the rest of this book.
Two other versions of this identity, the saving-mvestment balance and the
real GNP identity, are also important in our analysis; so we will introduce
them here.

THE SAVING-INVESTMENT BALANCE

Implied in the GNP sdentity of equation (5} is another identity that shows
the equality between, roughly speaking, saving and investment in the
his 18-i dentity will become an important ana-
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Iytical concept in Chapter 3. so it is useful to mtroduce it here as a natural
.. derivative from the GNP identity.
. If we subtract consumer expenditure C from both sides of the GNP
identity (5), we obtain the saving-investment identity,

I+G+(X -M)=S+T+R,. )

The sum on the left-hand side of (6) represents total output not going

" to consumer expenditure, and the right-hand sum gives total income of
consumers that is not spent. If we loosely identify nonconsumed output as
investment of one kind or another, and income not going to consumer ex-
penditure as saving, then equation (6) can be interpreted as an investment =
saving identity.

In a closed economy, or one in which net exports and private transfer
payments to foreigners are small, the (X — M) and R terms can be dropped
from equation (6) Tor analytical purposes. If we do this, and move govern-
ment purchases G over to the right-hand side, we obtain

I=5+(T-0G), (7)

as another version of the saving-investment’ xdenmy This says that pri-
vate investment I must be equal to the sum of private saving S plus net
government saving T — G. The latter is the total federal, state. and local
government surplus. Qutput going to business invesument plus residential
construction must be equal to the sum of private saving—after-tax income
not spent—plus the net government surplus,

NOMINAL AND-REAL GNP

GNP can be measured either at current prices. as we have assumed im-
plicitly up to this point, or in real terms using some base-year prices.
Nominal, or money, GNP, measured at current prices, is simply the total
national output in dollar terms. Real GNP must be built up by dividing by
the relevant price index each subsector of nominal GNP such as consumer
expenditure on durables or business purchases of electrical equipment.

When each GNP component is thus “deflated” by the relevant price
index, we have the real GNP identity,

gnp=c+i+g+(x—m) (8)

Here we are establishing the convention of using capital letters to denote
nominal values, while small letters denote real values. If P, is the price
index for investment, for example, then I = P, - i. and real investment i in
equation (8) is obtained by dividing nominal investment I by P;.

Dividing real GNP from equation (8) into nominal GNP gives us the
implicit deflator for GNP, the comprehensive price index P defined by

GNP
gnp

P= 9
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This refationship is extremely important to our analysis of income detérmina-
tion in Part IL. There we explain movements in real output, gnp, and the price

. level, P. Changes in nominal GNP arc determined analytically by the
identity GNP = P - gnp.

This completes our survey of the GNP and the basic identiti
they contain. All three identities—income equals product, saving equals
investment, and nominal GNP equals real gnp times the price index—are
important for later analysis of employment level and price level determina-
tion. Now we can turn to another important aggregate in the accounts, the
federal government budget.

The Government Sector in the Accounts

Since much of our discussion of macroeconomic policy in the following

R chapters focuses on the results, under various conditions, of changing govern-
ment spending and tax decisions, the next few pages of this chapter con-
centrate on the (total) government sector in the national income accounts
and the relation between the federal NIA sector and the unified budget thatis
presented 10 Congress by the President in January each year as the budget
plan of the United States. First we 1ake a closer ook at the government sector
and identify the G and 7 variables in the basic GNP identity,

CH+I+G+(X-M=GNP=C+S8+T+Rg,
$1211 294 395 -1 1890 1211 294 384

where the values of the major GNP components in 1977 are shown,

Table 2-5 shows the combined federal, state, and Jocal government sector
in the accounts for 1977. The entrics in Table 2-5 must be consistent with
those of the product- and income-side Tables 2-2 and 2-4. Qur focus here is
on the definition of G and T in the basic GNP identity (10).

On the product side, measuring expenditure on current output of goods
and services, the G entry is total government purchases of goods and services

1o

Table 2-5
Government Sector in the N1A, 1977 {$ billion)
Expencitures Receipts

Purchase of goods and services $395 Personal tax 228

Transfer payments 201 Corporate profits tax 63
To persons 138 Indirect business tax 1858
To toreigners 3 Contributions for

Interest paid 48 social insurance 139
Ta parsans and business 42
To toreigners 6

Less Interest recelved 25

Net subsidies 2

Total Expenditures 821 Total Recaipts £01

SOURCE  Survey of Currsnt Business April 1978,
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only—S8395 billion in 1977—not total government expenditure. The reader
should verify this in Table 2-2. On the income side, the tax entry, T, is ner tax
receipts—=S384 billion in 1977. This number can be obtained by subtracting
from gross tax receipts—$601 billion—the sum of transfer payments “to
persons,” net interest paid to residents, and net subsidies—S217 billion. The
reader should be able to locate each of these entries in Table 2-5. These items
are government additions to the income stream, not in compensation for
currently provided services. The tax item on the income side, T, thus measures
net withdrawals by government from the income stream. Of the $601 billion
gross tux receipts in 1977, S217 billion was returned to the public in a pure
redistribution of income.

We should note here that the S9 billion government interest and transfer
payments to foreigners—foreign aid and retirement for foreigners—are not
netted against gross tax receipts in calculating T. This is because transfers to
foreigners are not payments returned to the U.S. income stream but are funds
transferred abroad. While these funds may indirectly stimulate U.S. exports,
the transfer itself does not enter the accounts.

The federal government sector of the accounts is shown in Table 2-6.
With one exception, the items in Table 2-6 can be subtracted from those in
Table 2-5 to get the state and local government sector. The one exception is
the federal expenditure item, “Grants-in-aid,” which are federal grants to
state and Jocal governments under such varied programs as the highway trust
fund and public assistance. In general, under the grant programs, the federal
government provides funds to “match™ state and local expenditures for the
specified program under a fixed formula. For example, the federal govern-
ment provides about $90 for every $10 of state funds in the highway program.
These grants, which are entered as expenditures in the federal account, are
entered as receipts in the state and local account. When the two accounts are
consolidated into the total government account, as is done in Table 2-5,

Table 2-6 :
Federal Government Sector in the NIA, 1977 ($ billion)
Expenditures Receipts
Purchases of goods and services $145 Personal tax ) $171
Transfer payments 173 Corporate profits tax 59
To persons 170 Indirect business tax 25
TJo foreigners . 3 Contributions for
Grants-in-aid 67 social insurance 119
Interest paid 36
To persons and business : 30
To foreigners . U 6
Less interest received . 6
Net subsidies - 8

Total Expenditures ' 423 Total Receipts 37{

SOURCE: Survey of Current Business, April 1978.
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this intragovernment transfer payment cancels out and the grants item
disappears.

The federal sector in the national income accounts is not a budget in the
legxslauve accounting, or control sense. I is more a record of the economic
activity of the federal gov in the However, the
federal NIA sector is very close, both in coverage and measurement, to the
expenditure account of the unfﬁed budget, which is now presented in Janvary
of each year for the fiscal year beginning the following October 1. Before
fiscal year 1977 the budgeting period ran from July { to June 30, The federal
NIA sector and the umified budget totals for fiscal year 1977, which ran from
October 1976 through October 1977, are shown in Table 2-7.

‘

Table 2-7
Federa) NIA Sector and Umhed Budget, Fiscal Year 1977 ($ bihon)
NIA Unified Budget
EXPENDITURE ACCOUNT
Receipts $364 Receipts $357
Expenditures a12 Expenditures an2
Surplus. —45
LOAN ACCOUNT
Net lending -1
TOTAL BUDGET
Recelpts 357
Oullays 401
Surplus -48 Surplus ~44

SOURCE- Economic Report of the President, Washington, D C - Government Printing
Oftica, January 1978.

The unified budget sep di and tax receipts, in the expendi-
ture account, from foan activities, 'in the loan account, This cortesponds to
the NIA exclusion of asset transfers. The unified budget then records a total
surplus that is the difference between the expenditure account surplus and
net lending. The latter item is added to (or subtracted from) expenditures to
make up “Qutlays.”

Generally, the differences between the vnified budget measure of federal
reccipts and expenditures and that of the federal NIA sector are in the timing
with which various transactions are recorded. Both budgets ideally record
expenditures as they accrue and receipts as they become liabilities to the
govcmmcm In practice, a few differences remain.

other than h of goods and services—transfers,
m(ct:st grants, and subsidies—are recorded in both budgets when checks
are issued. However, purchases are recorded in the unified budget as they
accrue, while in the NIA sector they are recorded upon delivery, with the,
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exception of construction, which is recorded as it is put in place. The accrual-
delivery lag can make a significant difference in the case of items such as ships
and other large hard goods. - -

In these cases, the unified budget records the accrual of expenditures
through progress payments made to contractors. The federal NIA sector,
-however, subtracts a factor related to progress payments from total purchases
as the item is being built, and then records the total value as an expenditure
upon delivery. Thus, while the item is under construction, it adds to inven-
tories in the national income accounts through work-in-progress inventories.
When it is delivered, inventories are reduced and federal purchases go up by
the inventory reduction plus the addition to value in the final accounting
period. Thus, the federal NIA sector treatment does not affect the level of
GNP, but it does affect the distribution of federal hard-goods purchases
between inventory investment and federal purchases while items are under
construction and progress payments-are being made.

On the receipts side, both budgets record corporate profits taxes as the
liabilities accrue. The unified budget, however, records personal taxes and
contributions for social insurance as they are paid, while the federal NIA
sector estimates their accrual. This can make a difference when tax laws are
changing-—as was the case in 1968 with the income.tax surcharge. Since the
personal tax period is generally the calendar year, the federal sector in the

- accounts spread the 1968 personal tax liability due to the surcharge enacted
in July 1968 over the entire year of 1968, while the unified budget counted the
receipts in the second half of 1968 as all falling within fiscal year 1969.
This was, of course, during the period when the fiscal year ran from July
to June. ’

Aside from these fairly small differences, the unified budget—the legis-
lated financial control document—is now fairly close to the economic mea-
sure of the federal government’s impact on the economy in the national
income accounts. This is a major improvement in federal budgeting over the
confusing system that prevailed as recently as 1967.

‘ GNP as a Welfare Measure

There are difficulties on at least two levels in interpreting GNP as a welfare
: measure. The objective of this book is to describe the theory of the deter-
I : minants of the level of employment and the rate of growth of national output
‘ and not to evaluate any particular indicator of social welfare. Since there are
fairly clear statistical and analytical relationships between real GNP, the
price level, and the unemployment rate, all as precently measured, real GNP
as currently measured is a satisfactory' concept for our purposes. But the
--subject of this book isn't the only important subject in economics, and we
. should not leave the reader thinking that real GNP is a satisfactory general
measure of economic welfare, even though it will adequately serve our
analytical ends.
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MARKET AND NONMARKET TRANSACTIONS

The most obvious deficiency of the accounts is that they exclude nonmarket
transactions. If two people exchange services in a barter arrangement, the
output mmvolved 15 not measured in GNP. But if they incorporate and sell
each other the services, the output is d. Thus. the are

to the extent to which transactions are conducted through established
markets in the monetary sector, as opposed to individual barter transactions.

The man instance of the exclusion of nonmarket transactions in the
accounts 1s the fact that housewives services are not counted, since no market
transaction 15 mvolved in the provision of the services. Presumably house-
wives’ services are worth the average wage mn the economy in the absence of
discrimination aganst women, so that if their services were correctly valued,
the measured output of the household sector of the economy would rise by
perhaps S$180 billion—21 million women working 8 hours a day at home for
an average wage of $4.36 an hour.

As long as the ratio between the volume of market and nonmarket
transactions is fairly stable, a change 1 measured real GNP will corsespond
to a change in actual market and nonmarket output. But as a country
develops with increastng labor specialization, the ratio of market to non-
market transactions will rise. This will bring an increase in measured GNP
due simply to the increase in the monetary, or market, sector of the economy.
Real output wilt rise, but the extent of this increase will be overstated by the
shift from a largely nonmarket economy to a largely market economy,

EXTERNALITIES AND THE SOCIAL VALUE OF QUTPUT

The second problem involved in using real GNP as a welfare measure has to
do with the assumption that market prices approximate the social value of
output. Suppose a steel plant produces both steel, which enters GNP at
market price, and smoke, which 1s given away free—that s, the steel company
doesn't have to pay the consumers for its ili-cflects—and thus doesn’t enter
GNP In this case the social value of the plant’s output 1s less rhan the
private value to the steel firm which enters GNP.

1n the case of these externalities where undestrable output is produced but
private costs are not assessed for it—it ts not internalized to the producer—
measured real GNP will overstate the social value of output. If firms were
required to absorb the costs of not polluting, nommal GNP might not
immediately change, but the costs and price of private output would rise so
that measuted rea) GNP would fall. The drop in real GNP would cotrespond
to the deduction from the value of private output that would come from
recogmizing the negative value of the output of pollution.

The measurement of real GNP in the case of externalities, as well as
nonmarket transactions, could be adjusted to reflect true social values. The
costs of pollution can be estimated, and a value can be imputed to non-
market output, so that a rough adjuslmcm to GNP can be made for these
factors As economic data are improved, the smplicit value of work in the |
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home is recognized, and the costs of pollution are internalized, measured
GNP should become a better approximation of social welfare.

-This completes our brief survey of the National Income and Product
Accounts and the federal budget We will now use the product = GNP =
income identity expressed in equation (1) to begin analysis of the detcr-
mination of the level of natlonal output and income.
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Introduction to Income
Delermination: The Multiplier

1n the national income accounts, GNP can be viewed as a flow of either
product oc income. In either case the total value (at market prices} of goods
and services produced in the economy is the same, so that we have the basic
GNP identity,

C+I+G+{X~M=GNP=C+S+T+R,, (1

where:

C = total value of consumption expenditure;
otal value of investment expenditure;
G = government purchases of goods and services;
(X — M) = net exports of goods and services;
S = gross private saving (business saving + personalsaving +
depreciation);
T = nettax revenues {tax revenue minus domesnc transfer pay-
ments, net interest pard, and net subsidies); and
R, = total private transfer payments to foreigners

Since the foreign sector i the U.S economy 1s very small (as we saw in
Chapter 2) for analyticat purposes here we consider the U.S to be a closed
economy. The forergn sector 15 remntroduced 1n Chapter 15, both n terms of
flows of goods and services and monetary flows But for the present, elimi-
nating the relatinely minor foreign component from the GNP identity (1)

32
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gives us the following version of that identity,
C+I+G=Y=C+S5+T, (2

where Y is the standard symbol for national income, or GNP,

Equation (2) can be interpreted as a GNP identity, a net national-product
(NNP) identity, or a national income (NI) identity. If Y is defined as GNP,
then C, I, and G are valued at market prices, including indirect business
taxes (IBT) which, on the other side of the identity, are included in T. Also.
if Y is defined as GNP, I is gross private investment and S is gross private
saving. If we subtract capital consumption allowances both from I to get net
investment and from S to get net private saving, equation (2) is an identity
for Y =NNP!. If, in addition, we value C, net I, and G at factor prices.
subtracting IBT from both sides of the identity, equation (2) becomes an
identity for Y = NI This chapter, all of Part I, and a good deal of Part 111
focus on the problem of the determination of the equilibrium level of national
income and product (or output). For analytical purposes it will not matter
much whether we define Y, national income, and output, to include or
exclude depreciation and IBT. Thus, in these chapters ¥ stands for both
income and output.

National income, Y, is measured at current price levels and is frequently
referred to as money or nominal GNP. Nominal Y can be broken down into a
price component, P, and a real output component, y; so that Y = P - y. In the
national income accounts, discussed in Chdpter 2, real output is measured
on a disaggregated basis by dividing (or “deflating™) the various components
of output in nominal terms by the relévant price indices. These disaggregated
real ¢, i, and g components then are added up to total real output ). This is
then divided into total nominal output Y to obtain the implicit price deflator
for GNP, P. Thus, we have a real output identity,

c+it+g=y=c+s+1 (3)

corresponding to the nominal GNP identity of equation (2). We will use
this notation throughout Parts II to 1V: capital letters stand for nominal
amounts, and small letters stand for real amounts; so that, for example,
Y=P-y.

This breakdown of nominal output into price and real output components
is essential for the analysis of income determination in Parts Il and 1L
Changes in employment and unemployment are related to changes in real
output y; while, in a way, changes in the price level P are what we mcan by
inflation or deflation. In this chapter, and in Chapters 4 and 5 in Part 11, we
look at the effects of shifts in demand factors on the level of real output
assuming the price level P is fixed. In the rest of Part 11, Chapters 6 through 9,
we investigate the factors determining the price level in the economy, so that
by the end of Part I we have a fairly complete ecconomic system which
determines both P and y. In this chapter we review the simplest models of
income determination and multipliers from the principles course starting
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with the basic identity,

cHItg=y=c+Ss+1 3
The Saving-Investment Balance
Sub g the real P p from each side of equation (3)
gives us
y-c=i+g and F-c=s+f
so that -
t+g=s+t 4
- is just another way to express the basic real identity (3). Equation (4) expresses

the saring-inrestmen balance implicit in the basic GNP identity. On the
product side, i + g is the amount of real output that does not go to consumer
expenditure, while on the income side, s+ ¢ is the amount of consumer
income that is not spent. These two sums are the same by definition in the
accounts. The use of resources in the private sector to produce output not
for sale to consumers—j + g—must equal the amount of income that con-
sumers do not send—s + ¢.

By moving the g term to the right-hand side of (4) we obtamn another

ion for the saving balance,

i=s+{t~g) 5
Here i is total private investment (gross or net, depending on the definitcon
of 3), 5 15 total private saving, and {t — g) is the government surplus, which
may be thought of as net government saving. The sum of private saving and
the government’s surplus must, by definition, equal private investment in the
national income accounts.

%

Planned and Realized Investment

Embedded in the i p rof (3} and (4) are both
i ded i 7, that is, i that is part of producers plans,
and uni; ded ii that is, unfc changcs m je Amz',

that come about because of unexpected changes in the leve! of consumption
demand, or, in genera), final sales. Intended investment 7 can, of course,
include some planned amount of inventory accumulation; in a growing
economy desired inventories would probably grow in line with final sales.
But in addition to planned i total 1 will
include an unpfanned (and undesxred) mvemory change, A, which can be
positive, negative, or zero, depending on whether sales are smaller, greater,
or no different than expected. This gives us for the investment component
; in equation (4),

t= i+ Ame. {6)
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. . {
. Replacing the investment component in the saving-investment balance (4)
gives us
T+Aint+g=s+t, (7)

and adding real consumer expenditure ¢ back into (7) converts it back into
the national income identity

_c+7+AinvA+g=_v=fc+s+l. (8)

This is the first step toward converting the accounting identities of equations
(3) and (4) into equilibrium conditions determining the level of income y.
The Ainv component is now a balancing item in the GNP identity (8). If,
for example, people suddenly decide to reduce saving and increase consumer
expenditure, the increase in spending would bring a drop in inventories as
sellers meet the unexpected increase in demand by selling from inventory so
that Ainv < 0. This is an unexpected or involuntary decumulation of inven-
tories. The negative Ainv entry in (8) would balance, initially, the ¢ increase
on the output side, while the ¢ and s changes balance on the income side,
maintaining the GNP identity at the preexisting level of income.

But this involuntary drop in inventories will cause sellers to increase
orders to meet the higher sales level, leading to an increase in production and
achange in y. Thus, the preexisting level of income is no longer an equilibrium
level. It is only when producers and retailers are selling as expected, so that
Aine = 0 and realized investment i equals planned investment 7 that income
is at an equilibrium level. In that case, there is nothing in the current situation
to change producers’ or sellers’ behavior, and thus to change the level of
income.

he Tax, Consumption, and Saving Functions

The next step in developing the conditions for income to be in equilibrium
is recognition that tax payments, consumer spending, and saving are all
likely to depend on the level of income. Each of these will be an increasing
function of the level of income. In particular, tax revenue is a function of
gross income ¥,

' t=1y):. >0, 9)

and consumer expenditure and saving are functions of disposable (after-tax
income y — 1(3), :
c=c(y—t(y)): >0 (10)
s=s{y—t(y)): >0 (i

Equation (9) gives the level of tax revenue for any given level of income y.
This function comes from the country’s tax law. The slope of the tax function,
giving the change in tax revenue with a change in income, t’ = dt/dy, is

-positive. Equations (10) and (11) give the split of disposable income between

consumption and $aving, both of which increase with disposable income: so
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that ¢’ and s’ are both positive. If saving and consumer spending exhay
disposable income, then ¢ + 5" =1, since all of a change in disposa
income must be aliocated beiween c and s.

The tax, ption, and saving schedules are shown in Figare 3
which plots total income on the horizontal axis and uses of income—t, ¢, ar
s-—on the vertical axis. Since the sum of uses of income must equal incon;
for any income level like yp in Figure 3-1 we can add up the uses of incoy
1o the 45° line where, by construction, uses = to1al income. At income ley
Yo in Figure 3-1, the government takes tax revenue t{y,) and consumers sp
their disposable income, ¥ — 1{yo), between consumer expenditure, ¢, z
saving, 5, as shown. As mcome increases along the horizontat axis, each of ¢
wedges showing 1, ¢, and 5 gets wider, so that, in genera), an increase in ys.
increase 1, ¢, and s. In particular, saving rises with the level of befores.
income y; so that as y increases the sum (s + 1) also increases. We can co;
pute the expression for the change in {s + ¢} as y changes, d(s -+ ¢)/dy:
follows. Starting with '

s+ e s(y — 3+ )
we can compute the total differential of this equation,
ds+ =g -(dy—t'dy)+tdy
=¢ (1~ t)dy+0dy,
so that

ds+0 . Ny
—dy~—-—s (-)+r.

1f total private saving is about 20 percent of national income less tax reve:
and tax revenuc is also about 20 percent of national income, then the s!

Usesof
Income

e
g

(o~ tlya))
o(yo=tlyo))

Figure 3-1 e}
Tax, consumplion, and .
saving functions > . Yo

Income
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of this total social saving function is

. e t Lt o
(": ) 021~ 02)+ 02 = 036,

that ?s, about 36 peréent of an increase in income will go to taxes and saving.
- Th? important point here, though, is just that as  rises (s + ¢) also increases.
-, This fact is crucial for the stability of equilibrium income.

JHetermination of Equilibrium Income

We can now bring together the material developed in the last two sections
into a simple model of the determination of equilibrium income. The national
income accounts identity (7) gave us the saving-investment balance equation,

i+Ainv+g=s+1t,

where Ainv is unexpected, or involuntary, inventory changes. This equation
is true, by definition, all the time. But income is at its equilibrium level-—that
is, sales are going as expected—only when Ainv = 0, and

T+g=s(y—ty)+ty) (12)

Equation (12) is an equilihrium condition for income y. When income is at the
level where saving plus tax revenue (as functions of income) equal planned
investment plus government spending, then unexpected Ainv equals zero,
sales expectations are being recalized, and there is no tendency for income
and output to change. If income is higher than that level which satisfies
equation (12), (s + 1) will exceed planned (i + g), sales will be low, and Ainy
will be positive. The identity (7) will still hold with Ainv = (s + t} — (7 + g),
but income will not be at its equilibrium level because sellers will be cutting
back orders to reduce unwanted inventory stocks, and production and
income will be falling. This will continue until income falls enough to bring
(s + 1) down to {7 + g) and reduce Ainr to zero, bringing sales expectations
and realizations back in line with each other.
Thus, from equation (7), if at an initial level of income yy, (s + t) exceeds
(7 + g), Ainv > 0. If this is the case, the economy is not in equilibrium because
final sales are less than producers and sellers expected. Thercfore, producers .
will reduce their expectations and begin to reduce production. As they do
that, income will fall so that its time rate of change is negative, that is, dy/dt <
0. (Here dv/dt is the rate of change of income, where f equals time. While there
is some potential for confusion because we are using ¢ for time and ¢(y) for
. the tax function, it seemed best to use this standard notation. The text is
explicit as to the use of ¢ where it is necessary to avoid confusion.) Con-
versely, if (s 4 t) < (7 + g), Ainv must be negative, producers will expa_nd
output to meet the unexpected increase in demand, and income will rise.
that is, dy/dt > 0.
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"
'
Figore 3-2

Equilibrium national
meame.

THE STABILITY OF EQUILIBRIUM INCOME *

The determination of the equilibrium level of income is shown graphicaify
Figure 3-2. In Figure 3-2(a), s + t has a positive slope because of the assur
tion that both s and ¢ are increasing functions of y, described in the previ
section. We have aiso assumed that 7and g are fixed independently of
Jevelof y, so that the 1 + glineis horizontal. The point at whichs 4 1 = 74
that is, where the two lines cross, determines the equilibrium level of inec
yg that satisfies equilibrium condition {12).

+
+
s+t
ttg -
Ainy
| A

& .
dt
dy
dt
+ Ty y
- I ——
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We can further see that this equilibrium is a stable one. In other wo
outside forces cause the system to move away from the equilibrium po
will tend to settle back to equilibrium at yg. At a fevel of income ygin F
3-2(a), 1o the right of y, saving plus tax revenue is greater than planned ©
This means that people are buying less than sellers expected at that le
income, causing an unexpected inventory accumulation of amount 4
The inventory accumulation is just enough to maintam the saving-invest

. bala;xm in the national income accounts, since at y, |

T+ g+ Aty = s(yo — Hyo)} + Hyo).
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But since Ainvo > 0, producers will cut back on production. causing income
to c}ecrease toward y¢. Conversely, to the left of yg. where income is at y,.
saving plus tax revenue is less than 7 + g. This means that people are buying
more than sellers anticipated, causing an unexpected reduction of inventorics
of amount Ainc,. Producers will then expand production to satisfy this
greater demand, causing income to increase toward yg. Thus, the equilibrium
level of income, y. is stable,

This situation is demonstrated in the phase diagram of Figure 3-2(b),
which plots the rate of change of income over time dy/dr, on the vertical
axis against the level of income itself on the horizontal axis. As has been
described in the last few paragraphs, to the left of yg, where y < v, the phase
diagram shows dy/dt positive; so y is increasing. To the right of v, dy/dt is
negative, so ) is decreasing. Thus, any disturbance of y, moving it away from
ve, will be followed by a movement back toward y through the inventory
mechanism described above: v is a stable equilibrium.

_ In general, in a phase diagram such as Figure 3-2(b), equilibriuni is
reached at the level of income (or whatever variable is plotted on the hori-
zontal axis) where the phase curve crosses the axis and the rate of change is
zero. If y reaches yg, it has no tendency to move away from yg since dv/dt is
zero. Second, if the phase curve crosses the horizontal axis moving down from
left to right, the equilibrium will be stable, since if y begins below v, as in
Figure 3-2(b), dy/dt is positive so y fises; il y begins above yg, dy/dt is ncgative;
so y falls. If the phase curve had a positive slope at v, the equilibrium would
be unstable; once y moved away from y initially, it would continue to move
away. To sum up, in Figure 3-2(b), at yz where Ainp = 0, the rate of change of
income dy/dt is 0, and the system is in equilibrium. To the left of yg, where
Ainv < 0, income -tends to increase, hence dy/dt > 0. To the right of yp,
where Ainv > 0, income decreases and dy/dt > 0. Thus, y¢ is a stable
equilibrium.

This explanation of the equilibrium level of income contains one im-
portant oversimplification. At y, unexpected inventorics accumulated,
causing producers to decrease their production until there was no further
unexpected inventory accumulation at yg, where Aine = 0. However, al-
though no new unwanted inventories are accumulated at yg, producers and
sellers are still faced with that unwanted stock of inventories that accumulated
before they made their adjustments. In order to work off that stock, they may
cut intended inventory accumulation slightly, shifting the 7 + ¢ linc of Figure
3-2(a) down a bit as excess inventories are reduced. Eventually. though, the
desired level of inventory accumulation included in 7 will return to its original
level, and equilibrium income will be restored at yg.

SHIFTS IN THE SAVING FUNCTION

Now that we have seen that the equilibrium level of income determined by
equation (12) is stable, it is useful to look at the effects of shifts in the saving
function to see better how this simple. model of income determination works.
In particular, consider the cffect of an’increase in the desire to save. This can



AN INTRODUCTION TO MACROECONOMICS

“igure 3-3

shifts in saving Dehavior
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be shown graphically as an upward shift in the s + ¢ function to s, + tin
Figure 3-3. At any given Jevel of income people now save more than before.
In Figure 3-1, this shift would be shown by a widening of the saving wedge at
the expense of the consumption wedge. At the initial equilibrium Jevel of
income Son with the fiew savmg (unctxon. s+ 1 exceeds planned 7+ g, which
results in an uni in ies of Ainvp. As we have seen,
this will cause producers to cut production until Aine = 0, where y reaches a
new equilibrium at y,, which brings a return to the onginal fevel of saving,
but at a loner level of income, Thus, in a situation where 1 + g is fixed
exogenously, an exogenous increase in the desire to save leads to an un.
changed level of s + 1 but at a lower level of income.

If we change the assumption that 7 and ¢ are fixed independently of 3,
we can observe the possibility of what has been called the paradox of thrift.
Suppose that, as shown in Figure 3-4, i + g is an increasing function of
income. That is, as the level of income increases, planned investment and or
government purchases rise. This gives the i + g line a positive slope in
Figure 3-4. Now we can see that an autonomous shilt upward in saving to
s, + 1 cavses not only a decrease in the level of income from yq to ¥i» but
also brings a decrease in the level of reahized s + ¢, Thus, an increase in the
desire to save can lead ultimately (o a decrease in the realized level of s + 1
since the drop in income reduces planned investmenl. This is the so-called
paradox of thrift.

34t
tt+g

(s+1)
{2t}
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Figure 3-5
An increase in planned
investment.

‘igure 3-6
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Finally, suppose that it is not the saving function that shifts autono-
mously but the level of planned investment, 7. In Figure 3-5, this is repre-
sented by an upward shift in the 7 + g line to 7, + g. This shift causes s + ¢
to be less than planned 7+ g at the initial equilibrium level of income y,
by the amount (— Ainv,), representing an unexpected sell-off of inventory.
As a result, orders and production increase, bringing an increase in the

level of income toward the new equilibrium level y;. (The same effect would

occur, of course, as a result of a downward shift in the saving or tax func-
tion.) The size of the increase in income caused by an autonomous increase
in 7 or g depends on the slope of the s + ¢ function. In Figure 3-6, with

‘the flat (s + t), function, income rises from y, to y, with an investment

shift from 7, to 7,. With the very steep (s + t); function, implying a large

" increase in saving plus tax revenue with a change in y, the investment shift
-Taises y only t6 y,. This relationship between the slope of the s + ¢ function

and the size of the increase in equilibrium income following from a given
increase in exogenous investment demand or government purchases takes
us to consideration of the multiplier.

s+t
i+
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(S'f"t)o
/ Ltg
ictg
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Derivation of the Expenditure Multiplier

We have just seen how a change in planned investment from 7, to ¢,
changes equilibrium y from y, to yy, and that the relationship of the change
in y, dy = y, — ¥, to the initiaf change in investment, d7 = i, — iy, depends
on the slope of the s + ¢ schedule. The ratio dy/di, which gives the change
m equilibrium y per unit change in 7, is the muitiplier for investment ex-
penditure. Here we will develop the multipliers for changes in investment
and government purchases, and also for shifts in the tax schedule, beginning
with the simplest economy in which taxes are levied as lump-sum amounts,
not sensitive to the level of income.

LUMP-SUM TAXES

10 order to make the analytics of the multiplier process as clear as possible,
we begin with a case where tax revenues are a fixed sum, 7. This is the real
tax revenue to be collected, regardless of the level of income, In this case
we have the basic equilibrium condition,

, dy=Dritg=y=cdy~-D+sly-D+1L (3

Subtracting ¢ from each of the three parts of this expression gives us the
lternative version of the equilibnium condition,

itg=y-—clp~O=sty-0+1 (14

To find the change i equilibrium income following a change in planned
investment in this case, we can differentiate the left-hand equation in equi-
tibrium condition (13}, holding y and 1 constant, to obtain

cdy+di=dy  and  dyll ~ ') = di,

50 that the mvestment multiplier giving the change in equilibrium income
dy relative to the change 0 nvestment d7 is |

2o as)

I the slope ¢’ of the consumption function 15, say, 07, so that, with taxe
fixed, 70 percent of an addition to income goes (o consumption, then the
multiphier 11 — ¢’) 15 1/0.3 =33 A $1 billjon increase in investment de
mand will yreld a $3.3 billion increase m mcome

The multiplier can be related to the s + 1 = i+ ¢ diagrams of the pre
vious section by observing that, from the right-hand equation of {14),

s

dy —"dy=s'dy and 1-¢

Thus, the value of the multiplier 1s also 1/3', since s + ¢ = 1. Also, in th
model with T fixed, the slope of the s + ¢ function, d{s + 1)/dy, is simply s
An increase in y does not change 7, and it changes s by s . Thus in Figure 3-
the increase in planned investment by di from 7, to 1, rases y from yo lo)l
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Figure 3-7
Graphical derivation of
the multiplier.
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The ratio of the T increase to the y increase is the slope of the s + ¢ func-
tion, s". That is, di/dy = ', so that dy/di = 1/s’, as was shown algebraically
above.

We can also view the multiplier in 2 dynamic setting as the sum of a
stream of expenditure increases following from a di increase. When expen-
diture is first raised by 47, income and output rise directly by the amount
di; more investment goods are produced, and the incomes of the factors
producing them go up. With taxes fixed, the net income of these factors
rises by di. But they in turn spend ¢’dr (in the previous example, 0.747 ) for
groceries, shoes, and so on, so that the output and income of the grocers
go up by ¢’ di, adding another term to the income increase generated by
the initial investment change. Again, the recipients of this increment .of
spending <’ df will spend ¢’ of it, adding a term of ¢'?dT7 to the income in-
crease. This will go on indefinitely with the increments becoming smaller
and smaller as ¢™ tends toward zero as n gets large. The increase in output
and income, dy, given by this process is

dy=di+cdi+c(cdr)+---,
or
d}‘=di(l +C'+C’2+C'3+---), (16)

From elementary algebra, we know that dividing 1 — ¢’ into 1 will give uz
the expression in parentheses in equation (16), that is,

1
1—c¢

’

=14+ +cr+c+---,

- so that we can replace the expansion term in equation (16) by 1/(1 — ¢’) to

obtain the multiplier given in equation (15). )
_This is essentially all there is to the multiplier. It can be viewed as the
result of a convergent expansion (or contraction) of income as the economy
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adjusts to an i {or d ) in di It can be
derived by differentiating the cquanon giving the cqux]lbnum condition for
income and solving for the change in income, and it can also be derived by
careful consideration of the slope of the curve along which the economy
adjusts from one equilibrium position to the next. In the rest of this section
we first see what happens to the multiplier as we allow g and  to change
and then look at a multiplier for tax rate changes. This manipulation of
the basic equilibrium modei should bring out a few interesting relationships
and also make the reader more familiar with the type of analysis 10 be
used in Part I

THE BALANCED-BUDGET MULTIPLIER

Returming 1o the basic equilibrium condition (13) with taxes exogenously

given as i, .
r=ely-D+i+g,

we can obtain a general expression giving changes in » as a function of

changes in , 7, and g by differentiating (13} to obtain

dy=c'(dy—~di)+ di+ dg

and .
. dy-(1 —¢')= —¢'di +di + dg,
so that fdi 4+ di -+ d
. dy = Ll d; t‘c: * an

is a general multipher expression. To obtain the mulnphcr for o7, we can
set df and dg equa) to zero and divide by 7. This gives the multiplier
1/(1 — ¢’} of equation (15). The same mulnpl)er would also apply 1o dg,
holding 7 and 7 constant.

Suppose now we ask what happens to ¥ 1f we raise povernment purchases
and tax revenues by the same amount, holding i fixed. Substituting dg =df
into equation {17} and setting d7 = 0 gives us

—c'dg +dg —dgl=€ l—c

b=—77 T
so that_the balanced-budget multiplier is given by
dy 1-¢
W ize - as)

An equal increase in T and g with investment i fixed, leaving the government
surplus or defict unchanged, will raise equilibrium 3 by the dyg increase,
* that is, dy = dg Thus, the balanced-budget multipher, in this simple case,
is one.
One explanation for this comes from the income expansion chains con-
sidered earlier. In the case of government purchases, dg raises net (or gross,



INTRODUCTION TO INCOME DETERMINATION: THE MULTIPLIER 45

for that matter) national product by the amount dg directly and then in-
directly through the multiplier chain, giving a dy effect of

dy=dg(l +c" +c?+---).

But the tax increase only enters net national product when the cut in dis-
posable income by df reduces consumer expenditure by ¢’ di. Thus, the dy
effect of the tax increase is given by

dy = —di(c’ +c'* +--).

The difference between the two, which gives the net effect on y, is dg (=df),
since the initial direct increase in NNP is missing from the tax multiplier.
A 310 billion increase in g has an immediate $10 billion impact on NNP,
while a $10 billion increase in 7 affects NNP only when consumers redice
their spending in reaction to the change.

TAXES AS A FUNCTION OF INCOME

Next we can return to the original specification of the tax function, which
is t = t(y); tax revenues are an increasing function of income. In this more
realistic case, the basic equilibrium condition for income determination is

c(y—tMN)+1+g=y=cly—t(yMN)+s(y —~t(y)+u(y), (19

and subtracting c(y — ¢()) from each part of equation (19) gives us the
alternative form '

Thg=y—c(y—ty)=s(y— t(3) + ). (20)

To obtain the general form of the multiplier with a given tax structure,
we can differentiate the left-hand equation in the equilibrium condition (19)
to obtain

dy=c'-(dy—t'dy)+di +dg
and
dy=c"-(1 —t')dy + di + dg,

so that the multiplier expression is given by

di +dg
WErTea =y 21)
Introducing a tax function has reduced the multiplier. As tax revenue rises
with income (with fixed tax rates), the increase in disposable income that a
person can either save or spend is smaller than the increase in total i{xceme.
A little is thus siphoned off of each round of expenditure by the existence
of the tax schedule, thereby reducing the size of the multiplier,
This can be related to-the s 4+ t =7 + ¢ diagram of Figure 3-8 by dil-
ferentiation of the right-hand equality in equation (20):

dy—c' -(1=t)dy=s-(1-1t)dy+1t'dy
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Figure 3-8
Tax revenues as a function
of intome
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I~ (I-t)=s (1-t}+1.

Thus, the denominator of the multiplier expression in (21) is equal to
s'(1 — t') + ¢, which is the increase in saving plus tax revenue that comes
from an increase in y. Earlier, on page 43, this was shown as the slope,
d(s + 1)/dy, of the s(y — 1(3)) + 1(y) curve in Figure 3-8. With tax revenue
fixed at 7 in Figure 3-8, an i in i demand from i, to i,
raises equilibrium income from yg to y,. If tax revenues are an increasing
function of income, that is ¢ = t{y), then the same 7 increase only raises y
to y, from yo. The presence of the tax function reduces the mncreases in
disposable income relative to those in total income at each stage in the ex-
pansion, reducing the eventual increase in y from y; to y; in Figure 3-8,
The tax system thus functions as a built-in stabilizer, reducing the changes
in income that are induced by exog changes in If invest~
ment demand had shifted down, the steeper s(y — ()} + 1() function
would have cushioned the fall in y since disposable mcome would fall less
than total income with a reduction m tax payments,

THE TAX RATE MULTIPLIER

To tude aur fon of maliphiors, we car develop the muliplier
for a tax rate change. This is the model most relevant to stabilization policy
decisions involving tax changes; the government controls the tax rates, and
their relation to the state of the economy determines the level of tax
revenues,

Here we simplify the tax function by ing that tax are
proportional to income, 50 that (y) = ty, where t is a percentage tax rate,
such as, perhaps, 20 percent, This proportional tax schedule is shown in
Figure 3.9, With this tax schedule, we can write the basic equation for
equilibrium income’as

y=dy—ul+i+g (22)



Xy )
~ INTRODUCTION TO INCOME DETERMINATION: THE MULTIPLIER’ 47

t(y)

t{y) =1y

Figure 3-9
Proportional tax schedule.

Singe d(ty) is approximately equal to tdy + ydr, the differential of equi-
librium condition (22) can be written as

dy=c"-(dy —tdy~ydr)y+di+dg
and
dy=c"-(1 —1)dy — ¢'ydt + di + dg,

so that the multiplier expres-sion with tax rates 7 and g all changing is given
by :
di+dg—c'
) dgy=2Hdg—cyd
1—c¢-(1-17

With the exception of the odd-looking term ¢’y dx, this is the same as the
general multiplier expression of equation (21), since with t(y) =1y, ' =1.
The expression —c'ydr simply gives the exogenous consumer expenditure
change, analogous to the di and dg changes, that comes from a tax rate
change. If tax rates are raised by dt then — yd¢ gives the drop in disposable
income that comes directly from the tax change, and ¢’ times —ydr gives
the direct effect on consumer expenditure. This is a direct, policy-induced
change in consumer expenditure c, as opposed to the endogenous changes
that result from changes in income. From this point on, we refer 'to this
type of expenditure change, which comes as a direct effect of a policy change
before any adjustment to a changing level of income is considered, as a
policy-induced change in expenditure. Thus, the tax rate multiplier just
translates a tax rate change into a direct impact on consumer spending and
then multiplies it by the usual multiplier, 1/(1 — ¢’ - (1 — 1)). The difference
between the multipliers is in the source of the exogenous expenditure change.

(23)

onclusion to Part 1

The three introductory chapters have reviewed the basics of income deter-
mination as they generally appear under the name “Keynesian model” in
introductory texts. The multipliers developed in this chapter show the
changes in equilibrium income and output that follow changes in investment
demand, savings behavior, government purchases, and tax rates in a world
in which investment is given exogenously, the money supply plays no role.
and real output y can change with no effect on the price level P. In Part 11
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National Income Determination:
The Static Equilibrium Model
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Demand-Side Equilibrium

Income and the Inierest Rate

In Part I1 we develop, step by step, the basic model of income determina-
tion. This shows how the price level, the interest rate, and the levels of
output and employment are determined in an economy that typically
operates with more or less full employment. Most of the industrial econo-
mies of North America, Europe, and Japan fit into this category. The
various pieces of this model—the consumption function, the investment
function, and so on—are kept as simple as possible here, so that we can
focus on how the various sectors of the economy interact. Further investi-
gation of the details of these various sectors, then, is the subject of Part IIl.
Since macroeconomics is really just aggregated microeconomics—the
trick being to aggregate the zillions of microactivities and markets in a
way that improves our understanding of how the economy works—it is only
natural that we approach determination of equilibrium values of the interest
rate, the price level, output, and employment by identifying supply and
demand functions in the various markets and then finding equilibrium price
and output in each. What we find, as we might expect, is that changing
" conditions in one market, for example, shifting the demand for money.
changes the outcomes in the other markets—equilibrium output and em-
ployment, for example. The point of Part Il is to see just how this system
hangs together.
In this chapter we develop the demand side of the economy. This involves
- finding the equilibrium values of the interest rate and of outpur demanded
by consumers, business, and’ government, given the.price level. At the end
of the chapter, we are able to develop a demand curve for the economy that
shows how these equilibrium demand-side variables change as the price level
changes. ’

51
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Aler mlroducmg monetary and fiscal policy and its effect on demand
conditions in the economy, we then go on to develop, in Chapters 6 and 7,
the supply side of the economy. This shows how the equilibrium values of
output produced and employment are determined, again given the price level,
Varying the price level then gives us an economy-wide supply curre. Com-
bining the demand curve and the supply curve then gives us the equilibriun
price level which equates the quantity of output demanded, from the demand
side, to that produced, on the supply side.

This can all be put very simply in mathematical terms. On the demand
side we have two equations, expressing equilibrium conditions in the product
and money markets, in three variables: the Jevel of income (or real nationa
product) y; the interest rate r; and the price level P, On the supply sids
we have two equations, a production function and a labor market equi-
librium condition, in three variables: y, P, and the level of employment N
Combining these gives us four equations in four variables: y, N, P, and 1,
The work of Part If is to expose, as simply as possible, the relationships
between these variables {the equations) and just how their cqulhbnum
values are determined.

Equilibrium Income and the Interest Rate in the Product Market

In Chapter 3 we reviewed the simplest model of income dclmnmalwn, i
which both the price leve! and the Jevel of mnvestment are 1aken as given
This model is essentially one equilibrinm condition—total expenditure asa
function of income equals mcome-—in onie vatiable, income. This equation
developed in Chapter 3, fs

y=cy~-t))+i+g U
or
yoe=sy i) +10) =i+,
whcrcylsrealGN’P ¢ is real di as a function of et
disposable income, and s 1s real saving; t is ‘real tax revenue as a funclwn
of real GNP, i is real investment demand, and g is real government pu'
chases of goods and services.

INVESTMENT DEMAND AND THE INTEREST RATE

In equation (1) each element is at a planned or ex ante level. Thus, ¢ ist
fevet of planned fixed i and Vi In Chapter !
we took i as exogeneously given. Now we turn to the question of whz
determines i. To begin with, we can speculate that the level of fixed inves:
meat planned by a firm might depend on the market interest rate, 7. It
tuitively this seems reasonable because, in order 1o invest, a firm must ¢il
borrow or use its own funds. In either case, the cost of borrowing can
measured by the interest rate the firm has to pay or to forego receiving
case it uses its own funds.

'
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In deciding whether to invest in a given project, a firm might utilize a
concept known as the present discounted valne (PDV) of future income from
the investment. To compute the PDV of any investment project, a firm
weighs the stream of future net returns, that is, net incomes, R,, from the
project, discounted by the rate of interest [R, /(1 + r) and so on], against
the cost, C, of the project, using the formula,

RM—! R!+2 BTN R:+n

PDV,= —C + R ez .
' AT A+ry

03]

In this calculation of the present value of the future income stream, the
interest rate r is used in evaluating, in the present, the “worth™ of each
future return. For example, if A were to offer B $104, payable in one year,
in exchange for cash now, B would have to decide how much that $104
a year from now is worth to him now. If he knew that he could lend money
in the market and receive a 4 percent return on it, he would decide that
$104 in one year is worth $100 now. Therefore, he would give A $100 now
in exchange for $104 in a year. This is his way of valuing future payments
at the present time. This can be expressed mathematically as in equation (2).

X 5104 Ry,
PDV of 3104 now: PDV, = 104 =147

If the money were to be returned in two years, the present discounted
value of this repayment would be

Rz+2
PDV: (1 +r)?

and so on. It can be seen that the further in the future B expects to be paid,
the less that payment is worth to him now.

This description simplifies reality somewhat. In the first place, returns
(R’s) are expected future returns. While we take these as given, in reality
future returns will vary with changes in current business conditions. This
additional complication is added in Chapter 11, where we discuss investment
demand in more detail. Furthermore. a firm is faced, in reality, with several
interest rates in different kinds of bond and securities markets. These dif-
ferent interest rates, however, will probably move together when there are
changes in monetary conditions so that for simplicity we can treat them as
one generalized interest rate r.

Now firms can rank various projects in order of their PDV’s, as shown
in Figure 4-1. With an elastic supply of investment funds, firms will invest
in all projects with a PDV > 0 (that is, having positive net returns). This
would push the level of investment shown in Figure 4-1 to ip. If a firm h'ad
only limited investment funds it would invest them in the most productive
projects (highest PDV’s) until its funds ran out, at a point somewhere to
the left of i.
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Figure 4-!
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Ranking
projects

Figure 4-2

nvestment demand
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Thus, in Figure 4-1, applying the PDY formula of equation (2) 1o it
potential investment projects using rq, the firm comes to an investmen!
level iy, 11 the interest rate were higher, all the entries in the PDV formul
for each project would have a larger denominator, so the PDV of eas
project would be smaller. So as interest rates rise, all PDV’s fall and th;
PDV cunve of Figure 4-1 shilts down, reducing the level of plannet
mvestment.

This gives us the simplest investment model,

i=ilr), (

with i < 0 as shown in Figure 4-2. Increasing the interest rate r from:
tor reduces the level o[ planned mvestment ¢ from 1, to i. Now, su)

the investment ion (3) into the origin equilibrium equaty
gives us the product market equilibrium condition,

y=cy— 1))+ g+
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Figure 4-3

Equilibrium income with
a change in the interest
rate.

Figure 4-4

The IS curve: equilibrium
r and y in the product
market.
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DERIVATION OF THE /S CURVE

Equation (4) now describes pairs of y and r values which will maintain
equilibrium in what we will call the “product market.” We can analyze the
nature of these equilibrium pairs of y and r in several ways. First graphically:
Figure 4-3 is by now familiar, with a fixed level of i + g and with s+ ¢
increasing with the level of income. From Figure 4-2 we know that an
increase in r from rq to r, will cause a decrease in i; this decrease is repre-
sented in Figure 4-3 as a downward shift in the i(r) + g line by the amount
Ai =i, —iy. At the original level of i(r) + g, with r = ry, equilibrium in-
come was at y,. With the increase in r to ry, equilibrium shifts to y, a
lower level of income, due to the drop in planned investment. This relation-
ship between equilibrium r and y can be represented directly as shown in
Figure 4-4. As the interest rate r rises, the level of investment in Figure 4-3
falls, reducing equilibrium income through the multiplier. Thus, the line
describing equilibrium pairs of r and y must be negatively sloped, as in
Figure 4-4. This curve, showing equilibrium r,y points in the product
market, is labeled IS. It describes the r,y combinations that maintain
equality between planned i + g and planned s + t.

The slope of the IS curve ¢an also be derived with some simple mathe-
matics. Totally differentiating equation (4) holding g constant gives us

dy=c' -(dy — t'dy) + i'dr.
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This equation does nor represent a movement away from equitibrium,
but rather gives changes in y and r that can occur simultancously and keep
the product market in equilibrium. Thus it is also an equilibrium condition,
Isolating terms contaming dy and dr gives us

Bl ~1=idr and LlzlZ0)

dy ¢

along the product market equilibrium curve IS. Since we know that
1-¢'(1—1)>0,and i’ <0, it is clear that (dr/dy) < 0. This shows that the
slope of the IS curve in Figure 4-4, which represents the product market
equilibrium condition of equation (4), 1s negative. So now in the product
market we have a whole series of equihbrnium income levels, each corre-
sponding to a given interest rate. We cannot find the equilibrium value for
r or 3 without positing a value for the other.

All of the relationships discussed so far that contribute to the Jocation of
equilibnum pairs of r and y in the product market are summarized in the
four-quadrant diagram i Figure 4-5. The southeast quadrant in Figure 4-5
1s an “upside down™ version of a graph similar to that shown in Figure 4-3
giving saving plus tax revenues as a function of income. In the northwest
quadrant we have plotted government spending, which is fixed by the
budget and therefore a vertical line, plus investment, which 1s a decreasing
function of r The i(r) ine 1s similar to the one shown in Figure 4-2, but
rotated 90 . The values of g and i(r) are summed honizontally in this quad-
rant to give the i{r) + g Jines, which represent total expendsture on 1 plus

T 1 ID
7 \
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Y ) o
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i
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g as a function of r. In the southwest quadrant we have drawn a 45° line
from the origin. This line is used to equate s + ¢ from the SE quadrant to
i+ g in the NW quadrant. It thus directly represents the equilibrium con-
dition in the product market, given by equation (1).

It is the line in the northeast quadrant, the IS curve, representing equi-
librium pairs of r and y, that we can now derive from these three other
relationships. If we choose a level of income on the y-axis, we can trace
through the three quadrants following the dashed line to locate the equi-
librium interest rate for that level of income. For example, at income y, in

" equilibrium we would have planned s + t at (s + t),. To generate an equal
amount of (i + g), the interest rate would have to be at r,. This can be
done for any level of y to give a corresponding level of r. Or, conversely,
we could take the level of r as given and locate the equilibrium income level
associated with that interest rate.

In other words, the IS curve represents the pairs of r and y that will keep
the product market in equilibrium, in the sense that planned investment plus
government purchases equals planned saving plus tax revenue at that level of
income.

SHIFTING THE /S CURVE

The four-quadrant diagram is useful for studying the effects of ¢hanges in
exogenous variables like g, or shifts in the investment, saving, or tax func-
tions on the product market equilibrium r and y levels.

For example, an increase in the desire to save, that is, a decrease in
consumption demand at any given income level, can be shown as a down-
ward rotation of the s + ¢ function to the (s + t), function in Figure 4-4.
This gives a higher level of s + ¢ for any given y. At the original level of the
interest rate rq, and planned (i + g)o, this decrease in consumption demand
will reduce equilibrium income through the multiplier process. Graphically
at old equilibrium ry and thus the old level of i + g, with the new s+ 1
function we will trace out a new, lower equilibrium y, in Figure 4-5. Thus,
the increase in the desire to save, reducing total demand at any given interest
rate level, has shifted the IS curve to the left, giving a lower equilibrium y
for any given r, or lower equilibrium r for any given y.

As another example of the use of the IS four-quadrant diagram, consider
the effects of inéreasmg government purchases, g, on the equilibrium r, y
pairs, shown in Flgure 4-6 (p. 58). The increase in g can be shown as an
outward shift in the i + g function in the NW quadrant. This increase in g,
as-we saw in Chapter 3, will increase y through the multlpller, assuming
investment is unchanged Thus, in Figure 4-6, the increase in g from g, to
g4 (=dg) would raise y from y, to y; (=dy) at the initial interest rate ro.
Since i = i(r), holding r constant here holds i constant.

For any initial level of r, the g increase has increased equxhbnum ¥,
shifting the IS c¢urve to the nght, as shown in Fxgure 4-6. At any g1ven r,
lmplymg agam an unchanged i, the ratio of the increase in y to the increase
in g, dy/dg, is simply the multiplier of Chapter 3.
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Figure 4-6
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Equilibrium Income and the Interest Rate in the Money Market

So far we have developed one equilibrium equation i two vanables, v and
r, which gives us an infinity of potentsal equilibrium points known as the
IS curve. In order to be able to locate a single equihibriumfevel of income
and the interest rate we need another equation in the samé two varables
that can be solved simultaneously with our product market equation. In
order to obtamn this second equation we now introduce a moner market,

We begin by defining money, M, as currency i circuiatton plus demand
deposits, that 1s, checking account deposits in commercial banks, A more
thorough and detaied analysis of the money supply 1s to be found in
Chapter 13. Both kinds of money share the features of being an accepted
unit of exchange and bringing no return, that 1s, earning no nterest. On
the other hand, most other kinds of liquid assets, which we will fump into
a general category called bonds, do bring a return to the holder and cannot
be used directly as a medmm of exchange. With hquid assets thus defined
as consisting of two categories, money and bonds, a person who has liquid
assets can choose to put them into either money or bonds

DEMAND FOR MONEY AND REAL BALANCES

The money market has, like all other markets, both a demand side and a
supply side. We will first examine the demand side Since a person can put
his liquid assets into either money or bonds, we might expect that an in-
crease in the interest rate, or the rate of return on bonds, would tempt him
to put more of his assets into bonds and less into money. Conversely, 2
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decrease in the interest rate should induce him to shift.some assets out of
bonds and into money. )

This inclination to hold more or less money depending on the interest
rate on bonds we will call the speculative:demand for money:

Speculative demand = I(r).

Hence I might stand for liquidity preference, as discussed in Chapter 12.
Because the speculative demand for money will probably go down as
interest rates go up, I’ <0.

There is another reason to hold money, creating another kind of demand
for money. People hold money in order to bridge the time gap between
their receipt of income and payments they have to make, that is, to smooth
out the difference between monthly paychecks and daily payments for food
and other items. As incomes rise, income and expenditure streams both

- grow, and these balances held to smooth out the cash ftow must also grow.
Therefore, this second kind of demand for money, which we call a transac-
tions demand, increases with the level of income, or

Transactions demand = k(y) and k>0,

Both components of the demand for money, the transactions demand
and the speculative demand, should be stated as demand for real money
balances, M/P = m. This is fairly evident in the transactions balance case.
Suppose with a given real income y, the price level P doubles overnight so
that money income Y and money expenditures also double. In this case,
we should expect the transactions demand for money balances M also to
double, since the money transactions these balances are financing have
doubled. Thus, the transactions demand k(v) is for real balances; the de-
mand for money balances is P - k(y).

Speculative demand should also be a demand for real balances. This is a
little less obvious than the transactions balance case, but perhaps the follow-
ing thought experiment will make things more clear. Suppose one night you
go to bed holding a given amount of money depending on present interest
rates and your expectation concerning the bond market. Overnight the
government changes currency units from old francs to new francs, with 10
old francs = 1 new franc. When you wake up’in the morning, you find your
salary is now 1,000 new francs, where it was previously 10,000 old francs,
all prices in new francs are 75 of old franc prices, and your new franc money
balances are 75 of their old franc value, Is there any reason for you to change
your demand for money? No. All prices, incomes, and wealth values have
changed proportionately, reduced to g their' former values. Nothing real
has changed.

But this is the same as if the price level just changed overnight by the
same amount! With all prices changed, your income, in (new) money terms,
is smaller, your expenditures are smaller, and your wealth is smaller; again,
no real change has occurred. Thus, the speculative demand I(r) is also a
demand for real balances; the money balance demand would be P - /(7).
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Figure 4.7
Demand for money

the two of the d d for money, we have the
demand function for real ba[a.ncs, with ' < OQand &> 0.
=+, )
In general, we should ize that the speculative and i
d ds cannot be sep d. For le, as the interest rate on bonds

rises, we would expect transactions balances to be reduced as people recog-
nize the increasing opportunity cost of holding idle cash balances and squeeze
them down. Thus, the demand-for-money function, in general, might be
written as

M
7 =iy, ©

with (8m/ér) < 0 and (@m/dy) >0, g the ion of 1

and transactions demands. But for the umc being we will stick with the

approximation to m(r, y} given in equation (5), mamly because it helps the
graphical analysis of the next fcw chapters a good deal.

Figure 4-7 shows the money di d functi ol‘cnh:r guation (5) or (6).
‘When we plot the demand for real balances against the interest rate r, we geta
different curve for each level of income y. At any given level of y, say, yo,
which {more or Jess) fixes transactions demand, as r nises the speculative
d d falls, reducing total d d. Also, at any given r, say, ro, fixing
speculative demand, as y rises transactions demand also rises, increasing
total demand.

It may be useful here to discuss 2 bit the probable shape and curvature of
the demand-for-money function. These will play an important role 1n the
discussion of the relative effectiveness of monetary and fiscal policy in the
next chapter. It also relates to the discussion in Chapter 7 of the infamous
I|qmd1ty trap. At very hxgh mtcrst rate levels, spcculanve batances should be

q d down to some irred; giving 2 mini demand for
money with rising interest rates. At the other end, as interest rates fall lower
and lower, people faay become indifferent between holding, for example,
2 percent bonds and 0 percent money. Thus, the demand for money may
become very flat at low interest rates. So the demand-for-money map of
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Figure 4-8
Demand for money.

Figure 4-9

Demand and supply in the

money market,

r

Figure 4-7 might be drawn as in Figure 4-8, with the demand curves con-
verging at both extremely high and extremely low interest rate levels.

On the supply side of the money market, we will assume that the amount
of currency and demand deposits in the economy are fixed by institutional
arrangements between the commercial banking system and the Federal
Reserve Board. This is discussed in much more detail in Chapter 13. Thus, the
money supply is fixed exogenously: M = M.

Figure 4-9 is a graphic representation of the demand and supply situation
we have so far described. Given the price level, the real money supply is fixed
at the level M/P. As in Figures 4-7 and 4-8, the demand for money is repre-
sented by the functions m(y,), m(y,), and m(y,). At any given rate of interest,
say, r,, the total demand depends on the level of income. {(In this case y, >

'L > Ya).
’ From Figure 4-9 we see that as income falls from y, to y, to y,, the money
market equilibrium interest rate also falls, given the level of the real money
supply. When income drops off, there is a decrease in the transactions demand
for money. Some present holders of money want to shift it into interest-
earning bonds due to their lower transactions needs. This increase in demand

m(yy)
m(yl)
m(yp) M

Lk
9|
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Figure 310

The LM curve equiniboum
7andy inthe money
markel

in the bond market drives bond prices up and interest rates down. Thus, the
excess supply of money at the old interest rate ro and the new income lexel ¥,
drives interest rates down untif supply equals demand at the new. fower,
fevel of income y, and interest rate ry.

Equating the moncy demand function to the exogenously fixed supply
gives us the equilibrium condition m the money market:

i1
7 =m(r,y) = {r) + AL 44

< : hal

the speculative and gives us a comenient
way to tepresent money market equilibrium in another four-quadrant dia-
gram that summarizes the money market relationships we have just discussed.

DERIVATION OF THE LAf CURVE

In the southeast quadmm of Figure 410, the line (1) grves transactions
demand as an mcrcasmg function of i mcomc, measured dovms\ard ln the
northwest quadrant is the curve rep g the specul: d d as a
function of the interest rate. This curve has a s!ope I < 0,as we have scen in
Figures 4-7-4-9, In the southwest quadrant we have used another geometric
“trick.” which represents the equilibrium condition (7). equanng total supply
of money to total demand. This time we have drawn a line between the
transactions demand axis and the speculative demand axis, at 2 45 angle to
each axis. The line is drawn at a distance from the origin on each axis equal

k(y)
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to the total exogenously given real money supply, M/P,. Because of the

geometric nature of the 45° triangle, the transactions demand and the

speculative demand always add up to the total money supply on each axis,

so that this 45° line directly represents money market equilibrium condition

(7). Any point on this 45° line gives a transactions demand plus a speculative
- demand that just add up to the total money supply.

We can now locate in the northeast quadrant of Figure 4-10 the r,y
pairs that maintain the money market in equilibrium. At a given level of
income such as y,, we can find transactions demand for money from the k(y)
function. By following the dashed line we subtract this from supply, M/P,,
to see what level of speculative demand this implies if the money market is
to be in equilibrium. This level of speculative demand shows us, in turn, the
level of interest rate ry that will maintain thé money market in equilibrivm
with income level y,. Having located one money market equilibrium pair,
(ro, ¥o), we can locate another by beginning with y, in Figure 4-10. Repeating
this process traces out the line that describes the set of r, y pairs that maintains
money market equilibrium. This is the LM curve in Figure 4-10.

Thus, we can see that the LM curve represents the pairs of r and y that will
keep the money market in equilibrium with a given level of the money supply, M,
and a given price level, P.

By differentiation of the equilibrium condition, equation (7), and inspec-
tion of the results, we ... see that the slope of the LM curve is positive:

g =)+ k(y); 0=1ldr + K dy.
0

Thus, -
dr Kk

y~ T
along the money market equilibrium curve LM. Since k' > 0 and I' <0,
(dr/dy) > 0, that is, the LM curve is positively sloped.

SHIFTING THE LM CURVE

This four-quadrant diagram is useful in analyzing the effects of changes in
exogenous variables or shifts in the speculative demand or transactions
demand functions on the equilibrium values of r and y in the money market.
Looking back to Figure 4-9, for example, we see that an increase in the money
supply creates an excess supply of money at the old level of income and
interest rate. This excess supply pushes the equilibrium interest rate down,
given the income level. - _ '
In Figure 4-10, an increase in the money supply will shift the M/P, line
out. With the increase in the real money supply, at any given level of income,
corresponding to a given level of transactions demand, there i_s rpom'wnhm
the money supply for an increased speculative demand. This implies, for
money market equilibrium, a lower interest rate at each income level. This
increase in the money supply thus shifts the LM curve to the right.

— RN |
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Here we should point out that a change in the price level, P, works
symmctnmﬂy opposite to a change in the money supply, . For example,
an increase in P reduces the supply of real balances, shifting the &T/P fine
in Figure 4-10 in toward the origin. This reduction in the real money supply
creates excess demand in the money market at the initial income and interest
rate levels, causing interest rates to rise to clear the market. Thus, for any
given level of income v, an increase in P raises the money market equilibrium
r, shifting the LM curve to the Jeft. This movement can be traced out in the
four-quadrant diagram of Figure 4-10; it will play an important role in the
derivation of the economy’s demand curve later in this chapter.

Equilibrium in the Product and Money Markets

Figure 4-11
Equilibeiim in the product
2nd meney markets

.

We have now derived two pieces of geomeltric apparatus. One gives the
equilibrium pairs of rand y in the product market—the IS curve-—and the
other gives the equilibrium pairs of r and y in the money market—the LAt
curve. By placing ‘hesc 1wo curves in the same guadrant, that is, by solving

(4)and (7) simu} ly, we can find the single r, y pair that givey
equxhbnum in both marXets, the intersection of the JSand LA curves. If the
mterest rate, income pair is at ro, o In Figure 4-11, both marhets are in
equiltbrium, and there is no reason for either r or y to be changing This iy
what is meant by equelibricm.

To see how the economy moves toward equiibrium if it begins from a
disequilibrium position, consider the phase diagram of Figure 4-12. If an
inttial r, y point is not on the IS curve, 1t tends to move horizontally toward
the IS curve, with y changing. Why? If the point s to the right of the {S curve,
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for the given value of r and i(r), ex ante (s + t) > (i + g), so y is falling. Thus,
at point A in Figure 4-12, y would be moving left along the horizontal arrow.
Just reverse the argument for points left of the IS curve.

If an initial r, y point is not on the LM curve, it tends to move vertically
toward the LM curve, with r changing. Why? If the point is below the LM

“curve, for the given y there is an excess demand for money and supply of

bonds, pushing bond prices down and r up. So at point A in Figure 4-12, r
would be moving up along the vertical arrow. Reversing the argument would
give downward movement from points above the LM curve.

Combining the discussion of movements from disequilibrium r, y pairs
above gives us the pairs of arrows in Figure 4-12 showing movement in each
of the quadrants marked off by the ISLM intersection. Note that in each
quadrant one of the arrows pulls the motion toward the equilibrium
intersection.

Consider now movement from point A. There 1 is falling because ex ante
(s+t)> (i +g), and r is rising because of excess demand in the money
market. When the economy’s r, y pair reaches the LM curve, r is no longer
changing since the money market is in equilibrium, but y is still falling, so the
r,y point moves left. Then when the r, y point hits the IS curve, r is falling,
but y is not changing; so the trajcctory is down. The movement continues
until the equxllbrlum ro.Jo pomt is reached.

The product and money markets thus interact to bring the economy
toward the equilibrium ‘intersection. Their interaction can be described as
follows:

Excess demand Reduced demand
in mopey market — Rising r — Falling i — Falling y — in money market
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Figure 413
Increasing p IS curve

Excess saving Reduced
in prodtuc! market—~ Falling y — Falling r — Rising i — excess saving

In other words, we now have a dynamic process occurring in the background
behind the equilibrium conditions. The excess demand in the money market
directly raises the interest rate, and, through the investment function, in-
directly reduces income. This, in turn, reduces the transactions demand for
money, working to eliminate the initial excess demand. Eventually the
economy settles toward the equilibrium 7o, y;, point.

EFFECT OF AN INCREASE IN g

In the above example we assumed that the process began from a point of
disequilibrium and moved toward equilibrium ry, yo. Now assume that we
begin at an initial pomnt of equilibrium and that the government decides to
increase spending in order to raise incomes. By using a diagram such as
Figure 4-6 we can see that this shifts the IS curve out, giving a higher product
market equilibrium y for any given r. This shift is represented by the shift to
1,5, n Figure 4-13, At the nitial fevel of the interest rate ro, income begins to
rise through the multiplier process. The increase in income causes an increase
in the demand for transactions balances. This creates excess demand in the
money market, rassing r. First one market and then the other is thrown out of
equlibrium causing a spiral effect as seen in Figure 4-12. Eventually, a new
equilibrium is reached at ry, y;.

Because investment is 2 function of rand i < 0, the increase in equilibrium
rleads to a reduction in equilibrium i. In other words, the increase in govern-
ment spending causes a partial displacement of private investment. This
displacerent 1s smaller than the magpitude of the origmal increase in g,
because both r and y nse from their initial equilibrium position.
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" Another way to'look at the effect of the increase in g is that the govern-
ment decision to spend more means it will have to increase borrowmg It
does this by selling government bonds. Because the money supply is fixed
and the government raises the level of its demand for money. demand exceeds

. . supply in the money market. Interest rates go up along with incomes and the
- © - . movement shown in Figure 4-13 begins. We see that cquilibrium income gocs
: up because of the increase in g. This means that more tax revenue will accrue
to the government than at the earlier equilibrium level. This increase in tax
- revenue will cover part of the increased government cxpenditure. so that
- the amount the government borrows will be less than the increment to

expenditure.

EFFECT OF AN INREASE IN M

T As an alternative to increasing ¢ to increase incomc. the government might

T increase the money supply. By examination of Figurc 4-10. we can see that

this will result in an outward shift of the LM curve. which will move the

economy toward higher income at lower interest rates. The increase in the

money supply creates excess supply in the money market, pushing r down.

This, in turn, increases investment demand, raising +. The increase in income

will, of course, increase the demand for money. But the increase in demand

will not offset the increased supply, so that interest rates will still go down.

Thus, the main difference between the effects of increasing g or increasing M

to raise the level of income in the economy is where the interest rate ends up.

An increase in govergment spending raises interest rates, while an increase

in the money supply lowers interest rates. For this reason, the two “tools™—

fiscal policy changes in g or tax rates and monetary policy changes in M—are

usually used together to achieve a desired mix of income expansion and

B control of interest rates. Chapter 5 looks at the effects of monetary and fiscal

' policy on the demand side of the economy in more detail. First, we will
derive the economy’s demand curve from the ISLM apparatus.

Lome and. the Prlce Level on the Demand Slde

In the previous section we saw how the intérsection of the IS and LM curves
determines the equilibrium leve] of income and the interest rate, given the
price level P,. Now we can dérive the economy’s demand curve by varying P
.and seeing what happens to the equilibrium real income level, y.

The two equilibriym condmons we have developed so far, for the product
and money markets, are-

U sy t(y) Uy = i) + g (8)
and

= I(r) + k(3). - ;- )]

~l =
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These are two equations in three vaniables, y,7, and P. In the ISLM anatyy
we d P to be given 1y, climinating one variable, and ther
solved for the equilibrium values of y and r at the intersection of the J5
curve——equation {8)—and the LM curve—equation (9).

To analyze the effects of price level changes on equilibrium y on iy
demand side of the economy we can use Figure 4-14. This reproduces
money market four-quadrant diagtam behind the LM curve and then super
imposes on it the IS curve of equation {8) to locate equilibrium ry, y,, give
the initial price level Po. We use the complete LA diagram with a given I
curve here because the price level P does not enter into equation (8), the I
product-market equilibrium condition, but it does enter equation {9). The
achange in P will not affect the position of thé IS curve in this model, buts
will shift the LM curve.

Suppose, now, from the fiitial price fevel Py in Figure 4-14, which gin
cquilibrium re, yo, the price level increases to Py, reducing the real mon
supply to 81/Py. As can be seent in Figure 4-14, this shifts the LM curvetott
1elt to LM, and moves the equilibrium point 1o ry, y,. Why is this?

‘The price level increase reduced the real money supply. This meansth
at any given real income level, the transactions demand for money ris
reducing the money free for speculative demand. For the market to cler
then, the interest rates must be higher for any given income level than th
were with the initial price P,. So when the price level increases—for whatew:
reason—the real money supply shrinks and excess demand is created intt
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money market. This can be seen by increasing P in Figure 4-9. This excess
demand raises interest rates, reducing investment demand and equilibrium
income. Gradually the economy settles toward a new ry, y, equilibrium with
the new higher price level P,. As Figure 4-14 shows, the new equilibrium y,
is smaller than the initial y, because of the increase in P from P, to P,.

If, from P, we had reduced the price level in Figure 4-14, increasing the
real-money supply, the equilibrium r, 3 point would have moved down the
stationary IS curve, increasing the equilibrium y level. Thus, varying the
{exogenously given, for the time being) price level produces opposite varia-
tions in the equilibrium level of output demanded in the economy: As P
rises, y falls, and vice versa. This relationship is shown as the economi’s
demand curve of Figure 4-15. This curve is created by changing the price level
in Figure 4-14 {from P, to P,) and plotting against the price level the change
in income (from y, to y,) caused by the shifting LM curve. The Figure 4-14
demand curve shows that as the price level P increases, the equilibrium
output v demanded in the economy decreases.

The demand curve is derived by asking what happens to equilibrium
output demanded as the price level changes, allowing other variables, such
as the interest rate, also to adjust to their equilibrium levels. This brings out
an important point. Changes in equilibrinvm variables on the demand side
of the economy as a result of price changes are movements along the demand
curve. Changes in exogenous variables on the demand side, such as g or M
or the tax schedule, or shifts of functions like the saving function or the
transactions demand for money, shift the demand curve. This distinction will
become important when we have developed the supply side of the economy
and can analyze how changes in exogenous variables shift the demand or
supply curve, creating excess demand (or supply), and causing price changes
that bring further adjustments along the demand and supply curves.

The other important point to notice about the Figure 4-15 demand curve
is that it does not reflect the ordinary substitution effect of a rising price
reducing demand. Rather, the rising aggregate price level P reduces equilib-
rium output demanded, y, by tightening the money market, raising the
interest rate, and thus reducing investment.

In the next chapter we use the algebraic and graphical representations of
demand-side equilibrium to discuss the effects of monetary and fiscal policy

re 4-15 .
:conomy’s demand D y
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changes. This offers us a chance to give our simple model a “workout,” why*
is really the only way to learn the workings of the economy thoroughly.

Selected Readings

R. G. D. Allen, Macroeconomic Theory (New York: St. Martin's Press, 1967), chap
6-7.

A. Hansen, Monetary Theory and Fiscal Policy (New York: McGraw-Hill, 1%
chapter 12.

J. R. Hicks, "Mr. Keynes and the Classics,” Econometrica (April 1937}
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An Introduction fo Monefary
and Fiscal Policy

Monetary and fiscal policies are generally thought of as demand-management
policies. Since they deal with demand management, we can discuss their
effects fairly thoroughly now before we go on to the supply side in Chapter 6,
The purpose of monetary and fiscal policy, taken together, is to maintain
output near full unemployment in the economy and to maintain the existing
price level. The appearance of excess demand will probably cause inflation,
while an insufficiency of demand will bring at least temporary unemployment
-and deflation.
In Chapter 4 we derived the economy's demand curve by finding, in the
ISLM diagram, the equilibrium level of output demanded at cach price
level. This demand curve is shown as D,D, in Figure 5-1. Thus. if the initial
price level is Py, the equilibrium output demanded will be y,. Now suppose
the economy has a full-employment output level, vy, which is determined by
the existing labor force and capital stock. (The determination of the level
of yr is discussed at some length later in Part 11, and in Part IV.) If, as shown
) .-~ in Figure 5-1, equilibrium output demanded, y,, is more than full-cmploy-
) ment output, yr, there will be excess demand in the economy, measurcd by
, o Yo — ¥r, and the price level will be bid up, causing inflation. In this case the
BENRY . object of demand management (monetary and fiscal) policy would be to
shift the demand curve down to D, D, to eliminate the excess demand without
inflation. '
"+ The case of deficient demand is shown in Figure 5-2, Suppose the demand
curve DyDy, is initially lower than was shown in Figure 5-1 due, perhaps, to
lower investment demand. Then at the initial price level Py, equilibrium
output demanded could be less than full-employment output yp, creating
- excess supply, or deficient demand, in the cconomy. This would tend to push

71 .
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to the shortfall ir. demand measured by yp — y, in Figure 5-2. In this case
the objective of demand-management pohcy would be to shift th: demand

curve up to D,D,, eliminating the d y gap and mai full
employment.
The government can shift the y's demand curve by

its monetary and fiscal policy instruments. In the case of deficient demand in
Figure 5-2, the demand curve can be shifted up by (2) a fiscal policy increase in
government purchases, g; {b) a fiscal policy cut in the tax rate; (c) a monetary
policy increase in the money supply, M; or some combination of purchass,
tax, and money supply changes. Thus, in this analysis, the instrument of
monetary policy is the money supply, and the instruments of fiscal policy
are the level of government purchases and the tax rate.

In Chapter 4 we briefly described how changes in the money supply shift
the LM, curve, while changes in the fiscal policy instruments shift the IS
curve. Each of these changes also shifts the demand curve, Here we describe
in more detail the eﬂ'ects u!’ monetary and fiscal policy changes on the fevel
of d d, both graphically and al, lly. We see how the simple mut
tipliers of Chapter 3 are modified by the introduction of the money markel‘
and how the size of these multipliers depends on whether the economy i
initially near full employment or in a recession. We also discuss the effects
of changes in monetary and fiscal policy on the composition of output at
full employment—the division of output between ¢, i, and g-—and take a2
initia} look at some current issues in macroeconomic stabilization policy
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Fiscal Policy Effects on Demand

Eﬁgm 53

: Fiscal poticy change in

' g:18 curve.

y

In analyzing the effects of fiscal policy changes in g or tax rates on equi-
librium output demanded, we use the four-quadrant diagram for the IS
curve, shown in Figure 5-3. Since fiscal policy changes do not affect any
of the curves underlying the LM curve, we can just add a fixed LM curve
to the r, y quadrant in Figure 5-3, giving an initial equilibrium point r, vo,
corresponding to an initial price level. Fiscal policy changes will then shift
the IS curve along the given LM, changing equilibrium output demanded,
y, and the interest rate as well. Since the initial price level is held constant
throughout, these changes in equilibrium output demanded, at a given price
level, represent horizontal shifts in the demand curve equal to the change
in equilibrium output. Thus, in analyzing fiscal policy shifts, we will also
refer to Figure 5-4, which shows the demand curve DD, which corresponds
to the initial IS curve in Figure 5-3, 1,S,, with initial Py afid y, corresponding,
to y, in Figure 5-3.

Now suppose with the initial level of government purchases g, and tax
schedule t, in Figure 5-3, the resulting output level y, is below full employ-
ment. Then fiscal policy can increase equilibrium output, shifting the de-
mand curve to the right, either by increasing g, or by shifting the tax schedule
down.

CHANGES IN GOVERNMENT SPENDING, g

Consider first an increase in government purchases by Ag from g, to g, with
the tax schedule unchanged at to(y), as shown in Figure 5-3. The increase
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Figure 54
Fiscal policy change ing
demand curve
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in g adds directly to real GNP and, through the multiplier, further increases
y. If the interest rate did not rise from the initial level rq in Figurc 5-3, 50
that inves(m:m {1=itr)] was not affected, equilibrium y would rise from
¥o to yq. This measures the outward shift in IS, since y, is the new equi-
hbnum 3 if the old interest rate had been maintained. As we see in the next
section, the ratio (5, ~ yo)/Ag is the multiplier of Chapter 3, which assumed
mvestment to be fixed 2 1y, the equivalent of a r here,

But the interest rate must rise from ry following the Ag. With a fixed
level of real money balances {= A/P,), the mcrease n y raises the demand
for money, pulling interest rates up along the LM curve. In the background,
the g increase raises the government deficit, increasing the amount of bonds
the government sells. To sell more bonds, that is, buy more money to finance
the Ag increase, the government must raise the nterest mte it pays. In gen-
eral, the increase in bond supply raises interest rates in the bond market, the

“other side of the coin 1o the money market rise in #, shown in Figure 5-3

< The increase in interest sates, along LM, reduces the level of investment
demand, tending to offset the increase in government spending. Again, in
the bond market the increase in government borrowing squeezes out bor
rowing by corporations buying plant and equipment and especially bor-
rowing by house builders, reducing the level of investment. The reduced
level of investment moves the new equilibrium level of output demanded
down from y, to y,, with the interest rate nising from r, to r,. This increase
in equilibrium demand-side y is reflected in the shift 1n the Figure 54 de
mand curve from DpDy to D;D;, with y rising from yp to y, at the intid
price levet P,

Here we can summarize the results of the fiscal policy increase in'g o8
the demand side. With income increased and the tax rate unchanged, di
posable income and consumer spending are both higher. Government pur-
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chases have risen, and, with an interest rate increase, the level of investment

has fallen, partially offsetting the g increase. We know the offset is only

partial because for y to go up in the end, the i + g sum must have risen. Thus,

increasing g to raise equilibrium y shifts the mix of output away from
_Investment and toward g, and also raises consumer spending.

CHANGES IN THE TAX SCHEDULE, f(y)

Much the same effects on the level of y and r [and thus i(r)] could be ob-
tained by permanently reducing tax rates or increasing transfer payments
instead of raising government purchases. The main difference between these
two expansionary fiscal policy steps is in the resulting mix of output: With
an equal effect on y,r, and investment, a tax reduction favors consumer
expenditure while a g increase obviously increases the government share
of output.

. The result of a tax reduction is shown in the four-quadrant diagramjof
Figure 5-5. Here we essentially assume that the tax schedule is proportional,
that is,

to(3) = Tols (1)

so that tax revenues tq(y) are a constant fraction, 7o, of y. Then the tax cut
just reduces the proportional tax rate from 7o, say, 25 percent, to 7., say. -
20 percent. This simplification will come in handy when we compute the
tax rate multiplier a bit later.

The downward rotation of the tax schedule increases the level of equi-
librium income at any given interest rate. The alert observer might notice
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-

that since the Ag level was the same regardless of the y level while the t(y)
change is bigger at higher y levels, the tax change will result in a slightly
fiatter slope of the IS curve.

From the basic equilibrium condition

i +g=y—cly— 1)) =50 —10) +10), @
we can see that if n(ro) and g are unchangcd, and thc tax cut ranscs dxsposablc
income y — £(y), raising ¥ must to y—c¢

equal to i(r) + g. Essentially, with given 7o maintaining I fixed, the change
in dxsposable income at the initial 1 mcom: level yq, that is, to{¥o) ~ ti(3o)

licy-induced i ding that has the same
eflects as !he Ag considered earlier. X[ 7y were mamtaumd, equilibrium output
demanded would rise to y; through the multiplier effect.

But the increase in income again creates excess demand in the money
market, raising r along LM, In the bond markets, the increase in the deficit
generated by the tax cut increases the supply of bonds as the government
increases borrowing. This squeezes out borrowing for plant and cqulpmcm
investment and housc building, reducing investment to offset partially the
ing. In the end, equilibrivm demand-
side output rises lo yz and the nterest rate rises to r,. The demand curve
shifts out much the same as in Figure 5-3, with equilibrium y increasing
from y, to y, at the initial price fevel P,.

The main difference between the effects of a government purchascs in-
crease and a tax cut that yield about the same final level of y and r is in the
composmon of the finaf » Since r rises about the same in both cases, the

" final level of investment is the same. But where in the Ag case government

purchases rose, providing the initial fiscal policy stimulus, here g has re-
mam:d the same throughcut. The stxmulus here has come from the initial

in Howing the tax cut, and this has increased
the consumers’ share of output. In fact, since the secondary multiplier effects
of policy-induced ¢ and g changes are the same in this falrly Slmple model;
the entire difference in the final composition of output is that the increase
in g in the first case has been replaced by an increase in ¢ in this tax policy
casg, giving the same level of final y and i in the final equilibrium.

THE MULTIPLIER FOR g CHANGES

The last se::\ion described the effects of g;vemment spending and tax rate
changes using mainly the ISLAf diagram. The IS curve represents the
product market equilibrium condition

P yoely— M+ +9, )

~ and the LM curve represents the money market equilibrium condition

=i+ Ko} .
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The various functions in equatxons (3) and (4) are shown in Figures
5-6(a)-(e). The tax and consumption functions both have slopes that are
positive but less than one, that is, 0 < ¢/, ¥ < 1. The slopes of the investment
and speculatwe demand for money functxons are negative; i and <0
The transactions demand function has a posmve slope, k>0

" As we saw graphically in the previous section, the increase in y followmg
an increase in'g 'will be smaller in this two-equation model than it was in

““the simple multlpher models of Chapter 3. We can see this more precisely

by developing an expression for the government purchases multiplier that
includes this money market eﬁ'ect on i and r. Differentiating the IS equation

(3) we obtain

dy=¢ -(dy—tdy) + i’drl-}- dg =c(1 — t)dy + i’ dr + dg.
Differentiating the LM equation (4), h_olding M/P, constant, we get

0 =1dr+ kdy,
so that

’ o .d —. l;ldy’

Notxce here that the expressxon —(k yiy ) is 31mply the siope of the L%/ b
_The last equation tells us how much r must rise slong the L3 cow'™

;,maintain market equzhbrmm with a given increase I Income.
Subsmutmg this expression for dr into the I§ diferential, wez=

AT R

K
dy=c(l —t)dy ——!—,,—a,_rf—ag,
- . A 4
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Figure 5-7
Money market effects on
the fiscal multipher

b gyl
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so that the final multiplier expression is

1
dy = e dy. @
1—c(1—t)+~—

Since c(1 — r) is less than one, and (¥k')/I” is positive (both I and {” are
negative), the multiplier is posmve

The ¢ multiplier developed int Chapter 3 was simply Y1 - — t)]
The muluplxer in {5} is smaller than this because of the additional positive
term in the denominator. What js the meanmg of this term?

_First, since K[l is the slope of LM, it’ glvcs the increase in r that is
* needed for money market equilibrium with the increase in » Since ¥ gives
the charge in i that comes from a change in r, the expression (i'k’)/I" then
gives the decrease in investment that comes from the interest rate increase
as y and r rise along the LM curve.

If the LM curve were flat with zero stope, so that —(«'/{’) = §, the mul-
tiplier in (5) would be the same as the original multiplier of Chapter. 3.
In Figure 5-7, the distance from y, to y, is measured by the multiplier

' 1/{1 - £t — 1)} with no money market effects, that is, with the interest
rate held constant. The distance from y, tg y; is given by the full multiplier
of equation (5), which includes the mom:y market effect on { in the
denominator.

THE EFFECTIVENESS OF FISCAL POLICY

The multiplier formula of equation (5) also points out that the size of
- the fiscal policy multiplier itself, or the effectiveness of fiscal policy, depends
‘on whether the fiscal policy change Is initiated at a low ar high level of output
.relative to full-employment’ output This point is'illustrated in Figure 5-8
“which shows the differing effect on'y of a given JS shift, depending on where
on the LM curve the action begins.
At the initial equilibrium y,, the LM curve is relatively flat, so that its
slope —(k/I"), is nearly zero. This gives a large fiscal policy multiplier, nearly
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Figure 5-8
Effectiveneass of fiscal
policy.

equal to 1[1 — ¢'(1 — r')], the simple value without any money market effects.
But at the initial equilibrium point y,, the LM curve is nearly vertical, with
a slope —(K'/I") that is very large. In this case the fiscal policy multiplier is
extremely small, approaching zero as the LM curve becomes vertical.

Thus, the size of the fiscal policy multiplier depends on the slope of the
LM curve at the initial equilibrium point. A given increase in g and shift in
IS will yield a large increase in y, if the economy begins at a point of high
unemployment and low interest rates. But if the g increase comes in a tight
economy near full employment, there will be little effect on y, with a large
increase in r squeezing out an amount of investment demand nearly equal
to the g increase.

The economic explanation of this difference is as follows: With a given
supply of real money balances M/P, (which fixes the position of the LM
curve), at the low level of r and y there is, loosely speaking, a lot of money
in speculative balarices that can be drawn out to finance a higher level of
transactions, that is, a higher y, by a small increase in interest rates. But at
the higher level of r and y, at y, in Figure 5-8, the amount of funds in spec-
ulative balances is very small, and the increase in demand for money from
a rising .y serves mostly-to raise r, reducing investment, rather than bringing

.funds out of speculative balances in any substantial amount.

The main point of this section is that the size of the Ag multiplier itself
depends on the initial cyclical position of the economy. Thus it is not sur-
prising that some investigators have found the multiplier “unstable” looking
at data, say, since World War II. Of course it is unstable; the data include
the initial conditions of the 1958 recession with unemployment at 7 percent
and short-term interest rates at 1.8 percent, as well as the boom conditions

. of 1968 with unemployment at 3.5 percent and short-term rates at 5.3 percent.

But the conclusion should not be that fiscal policy is not effective because
the multiplier seems unstable. Rather, its effectiveness varies over the cycle,
and in anticipating the effects of any given Ag at any given time, a prudent
analyst must take into consideration the initial state of the economy rather
than simply relying on a multiplier like the 1/{1 — c(1 — )] of Chapter 3.
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Figure 59
Proportionat tax function.

THE MULTIPLIER FOR TAX RATE CHANGES

With the devekvpmcnt of the multiplier for Ag behind us, we can go  faitly
quickly through the tax rate mulnphcr To begin with, we make the simpli.
fying assumption that the tax system is proportional and that we are looking
at a proportional change in all tax rates. This simplifies the algebra con-
siderably with no eflects whatsoever.on the qualitative results. This tax
assumption is illustrated in Figure 5-9. We assume the tax function (3} is
g that is, a tax rate 1 nmcs income y. With ths tax function we can easily

lop the effects of changing (h ere. ducing) the tax rate from ta toy,
in Flgure 59.
2
g tly} = roy
2 ny
4

Again, we begin with the IS and LM equilibrium equations,

r=cly—n)+ild+g ]
and

3
o Iy +hy a

Differentiating the IS equation (6) gives us
dy=c(dy —1ody ~yd) + Fdr+ 0
=c'(1 = to)dy — ¢'ydt + I'dr.
The last two terms in the disposable income () — 11) differential come from

the approximation that d(zy)} = tdy + ydr. Again, from the LM equatior
(7) we have

A
dr = —Fdj,

' .
.50 that substitution into the dy equation gives us

ik

T ody=cl —r‘,)dy—cydr-——',—d_\
and, - .
. H;— —cy

) 1—-c(1—ro)+
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The numerator of the tax rate multiplier in (8) simply converts the tax
, chan_ge into the policy-induced change in consumer expenditure. The term
ydr is the change in disposable income that comes directly from the tax
rate change, dt. Then the term ¢’y dx is the change in consumption spending
that comes from this change in disposable income, and the minus sign says
that wheq tax rates go up, the policy-induced consumption change is negative.
The simplifying assumption for the tax multiplier of equation (8) that
Fhe tax function t(y) = 7y means that the slope of the tax function ¢’ is z
in this special case (dt(y)/dy = 7). This makes the denominator of the tax
multiplier (8) the same as the denominator of the government purchases
multiplier (5). Since these two are the same, interpreting the numerator of
the tax multiplier, —c’ydr as the direct change in consumption following
from a tax change makes the multipliers for tax changes and g changes
essentially the same. To get the effect of a g change, dg, or a consumption
change induced by dr, —c'ydr, on equilibrium demand-side income and
output, we multiply by

1

-l —1)+ l—/—:-

The similarity between the g and t multipliers tells us that the effects of
fiscal policy changes in g or t on the level of total output y will be roughly
the same. But there are two major differences between fiscal policy changes
in g and in tax rates. First, there will be a difference in the composition of
the new equilibrium output. Expanding output by increasing g also will
increase the government’s share of output. But a tax cut shifts the initial

“stimulus to a policy-induced increase in consumer spending, raising the share

of output going to consumers. Thus the choice between cutting taxes or
increasing government purchases to expand output and reduce unemploy-
ment will in part depend on a judgment on the relative social benefits of
more consumer expenditure as opposed to more resources going into the
production of public goods. This was one of the points of debate within the
Kennedy administration prior to the proposal of the 1964 tax cut. With
unemployment near 6 percent and the economy expanding too slowly,
the debate was whether to increase government purchases g, increasing the
provision of public goods, or to cut taxes, placing more emphasis on
consumer spending.

The other major difference between g and ¢ changes stems from the fact
that a tax cut will affect the economy only if consumers increase their spending
as a result, so that the direct policy-induced consumption stimulus does, in
fact, appear. There is always the possibility that consumers will save the
additional disposable income, leaving the total s + t(y) schedule unchanged

. with no effect on y. To a certain extent, but in the other direction, this hap-
pened with the income tax surcharge in 1968; when the surcharge was

_ passed, raising taxes, consumers paid about half of the additional tax out of
saving and half out of consumption, thus reducing the effect on y.
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This problem does not occur with g changes though, since the government
can make sure that g changes by the desired amount. Thus, there is more
certainty of achieving the desired effect on y if fiscal policy changes come in
government purchases, rather than in tax and transfer payment changes
Also, it seems likely that permanent tax rate changes will have a greater
effect than temporary changes that may well be compensated by tempotary
changes in saving.

THE BALANCED-BUDGET MULTIPLIER

The balanced-budget multiplier for equal changes in g and 1ax revenues is
also reduced from its value of unsty in Chapter 3 by the introduction of
money market effects. To see this, we will introduce 2 different simplifying
assumption on the tax schedule, namely that tax revenues are fixed exoge-
nously: £(y) = 7. This makes the analysis of the effects of an equal change
in g and T fairly simple, Again, we begin with the IS and LM equations,

y=cy-N+iN+g ©)
and

M
o=l + ki) o
]
Differentiation of (9) gives us
dy=c"(y~ diy+i'dr +dg
=c'dy — ¢’ df +idr+ dg.

Thé LM cquation (10} gives us dr = —(k'/I")dy, and substitution into the
dy equation yields

dy=c'dy — c'df — T dy +dg
and
dy = dg"cvf,.
ik’
11—+

f the government purchases and tax increases are of equal size, so that
dg = dt, the last expression gives us the expanded balanced-budget multiplier:
—c |
dy=—ZE s )
N
[j
Introduction of money market effects on investment through the last tem
in the denominator in (11) has reduced the value of the balanced-budgt
multiplier. If the LM curve were flat at the initial vatue of y, that is, 7,
and i(y) were fixed, then the slope of LM, —Kk//I', would be zero and the
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balanced-budget multiplier in (11) would be (I — ¢')/(1 — ¢') = 1. But with
the introduction of the money market we see that as y rises with a balanced
change in government purchases and revenues, the demand for money for
transactions purposes goes up, raising the interest rate and reducing invest-
ment. This partially offsets the initial increase in y, giving a final expansion
of y that is less than the initial dg = dr.

Monetary Policy Effects on Demand

To analyze the effects of monetary policy changes in the money supply, M,
we will use the four-quadrant LM diagram, shown in Figure 5-10. Since in
this section we will be holding the fiscal policy variables and the saving and
mvestment functions behind the IS curve constant, we can add a fixed IS
curve to Figure 5-10. This establishes initial equilibrium values of y, and
ro, given the price level P, and the initial level of the money supply M,.

Monetary policy changes in M will now shift the LM curve along the
given IS curve, changing the interest rate and the equilibrium output de-
manded. These changes in output demanded, at the given price level, pro-
duce horizontal shifts in the economy’s demand curve. This was shown in
Figure 5-4, and is reproduced here as Figure 5-11. The DD, demand curve
corresponds to the fixed IS in Figure 5-10 and the initial level of the money

. Kr
Speculative
Demand
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In the bond market in the background, the central bank increases the
money supply by buying bonds (selling money). This increase in bond
demand raises bond prices, reducing interest rates. Firms find it easier (and
cheaper) to borrow to finance investment projects, so investment demand
goes up, moving the economy toward equilibrium at r,, y,.

The movement from the old equilibrium y, to the new y, at the original
price level Py is also reflected in a shift of the demand curve in Figure 5-11
to D,D,, giving a higher level of equilibrium output demanded at any given
price level. Here monetary policy has shifted the demand curve; back in
Figure 5-4 it was fiscal policy. The same increase in income could be
achieved by an appropriately sized change in any of the three major policy
instruments: g, t, or M.

The monetary policy increase in M has reduced the interest rate and
raised investment and equilibrium output and income. The income increase.
with a given tax schedule, has increased consumer spending. while govern-
ment purchases remain unchanged. Thus, monetary policy has a different
effect on the composition of output than do fiscal policy changes in g or
t(v). Here the policy-induced expenditure effect comes through a change in
investment demand. Government purchases remain unchanged and con-
sumer expenditure goes up only endogenously. We can summarize these
compositional effects by looking at the basic national income identity,

y=c+itg (12)

For a given increase in income and output, y, each of the policies gives
about the same endogenous consumption increase through the multiplier.
The difference lies in the source of the policy-induced expenditure change.
An increase in government spending raises g and reduces i somewhat,
raising the proportion of g in the use of output relative to c or i in the final
equilibrium position. A tax cut gives a direct ¢ increase and also reduces i
somewhat, raising the proportion of c¢. Finally, a money supply increase

- gives a policy-induced increase in i, raising the fraction of investment in the
final equilibrium position. Thus, a choice of which policy instrument to use
to expand (or contract) output will, in part, depend on how the policy
maker wants the composition of output to change.

THE MULTIPLIER FOR CHANGES IN M

As usual, we can develop the multiplier for changes in M on y beginning
with the IS and LM equilibrium equations. The product market equationis .

y=cly—t(3)+ i +g (13)

The money market equation is

=m=1lr) + k(3). (14)

I
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Since we are focusing on equilibrium demand-side output and employmen
in this chaplcn:, we ate holding Py, constant. This enables us to introduce s
new vz_m.able in {14), m = M/P,,. Since dm = d§1/P,, we can conduct the
analysxs‘m terms of a change in real balances, dm, which is the same as the
change in nominal money supply, di1, with the price level held constan
Differentiating the LA equation (14) gives us
d
ﬂ =dm=1dr+L'dy
Po
and
dm ¥
dr =——~ —dy.
TTTT K
As usual, differentiation of the IS equation yields
dy = (1 = t')dy + {"dr,

with g constant so that dg = 0. Substituting the previous expression for &
we have

dy = ¢l = t)dy + ;— dm - il—l}dy

and

r

dy =

x—c’(l——t‘j+l—,
as the multiplier expression for the money supply change, dm.

The denominator of the multiplier in (15) s the same as that for th
and ¢ multiptiers But how 1s the numerator to be interpreted? From ¢
previous section’s discussion, we might expect this to turn out to bet
change in investment induced directly by dn. Referring back to the moz
market equlibrium condition, (14), which 1s also the demand equation{
real balances m set equal 10 a fixed supply /, we see that the partial denr
tive of m with respect to 7 is I, so that i (15} the expression dm/l’* ist:
drop n r mtially induced by the dm increase. Then, since i* is the increal
in investment with a drop in r,1”- dm/[" 1s the investment increase resufz
from the drop in r induced by dm—the policy-induced mnvestment char*
So the &I multiplier in (15) 1s the usual multipher

1

l-("(l-r')-#!’—‘,\*

times the mitial i change induced directly by dm.
The multiplier on m in equation (15) can be interpreted further with!
help of Figure 5-12. At the mitial level of income, yq, the shift in the LM
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Figure 5-12
The money supply
multiplier.

due to dM would reduce r to r,. If the LM curve were flat, so that (k’/I) = 0,
the subsequent increase in y to y, would be equal to

iI/II
— e dm.
T—ci-0) "
But with the positive slope of the new LM curve, L,M,, the y change is
reduced to y, — y, with the introduction of the ¥k'/I' term in (15).

THE EFFECTIVENESS OF MONETARY POLICY

As was the case with fiscal policy, the effectiveness of monetary policy will
vary with the cyclical position of the economy. As Figure 5-13 shows, with a
given slope of the IS curve, a given shift in the LM curve due to an increase
in the money supply will have a greater effect on y at high levels of y and r
than at low levels.

This can also be seen from the dm multiplier in equation {15). Multiplying
both numerator and denominator of (15) by I, which is negative, gives us

o

1
- dm,
Al TR (16)

r I i }‘10 M 1

5‘_“

figure 5-13
~he eftectiveness of
-;mnetary policy. ¥
i

Mol
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Note here that since 7 and I are both negative, the multiplier dy/dm givenby
equat.ion {16} is still positive, with both the numerator and demoninator
negative.

Now, if I' is a very large negative number, approaching minus infinity,
the denominator of (16) will be very large, so that an increase in m will have
very little effect on y. From the four-quadrant diagram of Figure 5-14, it is
clear that when the /{r) curve is very flat, the LM curve is flat and the economy
is at 2 Jow level of y and r. At that low level of r, people may be relatively
indifferent between holding money and bonds, so that speculative balances
absorb an increase n A with little effect on r, thus little effect on i and y

Speculative Hr

Demand
k(y)
Figure 5-14
The stope of 1(r} and the Transactions
LM curve Demand

On the other hand, if I 1s a very small negative number, approaching zero,

the first term in the denominator of (16) will be near zero, so that the mult
pher will approach the value { /(7h') = 1/K. From Figure 5-14, it is clear that
at high interest rates where the Kr) curve is steep, the LM curve is nearly
vertical. Thus, in this area of the LM curve, the effect of an increase in A on)
will be greatest, since the first term in the denominator of {16) will be near,
zero. In this area of 7,y speculative bal have been sq dtoa °
mum by the high r, so that almost al! of 8 is used 1o finance v

and the limit on y is the availability of M. Since k' ts the ncrease in
actions demand with a unit increase in y, {/k', the value of the multiplier whe
LM 1s vertical, gives the increase in y that is possible with a d#7 increase il
all goes to financé additional y. So monetary poficy has its maximum efet
tiveness when the economy is at high r, y levels and 1s utilizing almost alle
the money supply to finance transactions, that is, to support y.
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The Interaction of Monetary and Fiscal Policies

Figure 5-15
The effectiveness of

policy.

monetary and fiscal -

In the previous sections of this chapter we discussed the relative effectiveness
of monetary and fiscal policies in relation to the cyclical position of the
economy. The likelihood that the policy instruments g, t(v), and M differ in
the certainty of their results was also mentioned. In addition, it should by
now be apparent that changes in these policy instruments can be combined
in many different ways to achieve a desired position of the economy’s
demand curve. We end this introductory chapter on monetary and fiscal
policy as demand-management tools first by summarizing what has already
been said on relative effectiveness and certainty of results. Then we look at
the interaction between monetary and fiscal policies in two important cases:
first, where they work in opposite directions to change the interest rate and
the composition of output at a given level of output; and second, where they
work in the same direction to achieve a desired shift in the demand curve and
change in y, given P,

THE EFFECTIVENESS AND CERTAINTY OF MONETARY
AND FISCAL POLICY

The relative effectiveness of monetary and fiscal policy, depending on the
shape of the LM curve and the economy’s initial position, can be summarized
by reference to Figure 5-15. If the economy is in an initial position such as
r.,v; of Figure 5-15, an expansionary monetary policy, shifting LM right,
may have little effect on y, since at that low interest rate the additional money
would be absorbed by speculative balances and not become available to
finance a substantial increase in y. On the other hand, at ry, y;, a shift in the
IS curve will be relatively effective in raising y, since a small increase in the
interest rate will release a substantial amount of funds from speculative
balances to support an increase in j.

At the other extreme, where the economy is very taut with high r and y at
r5 V5, a fiscal policy shift in IS will be relatively ineffective in changing
equilibrium demand-side y. With interest rates very high, speculative balances

Iz

o b————————
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will be squeezed to a minimum with most of the real money supply already
financing transactions. An increase in demand by, say, an increase in g will
raise the interest rate enough that the initial g increase will be nearly fully
offset by a drop 1n investment demand, giving little increase in y. In this ease,
however, an expansion of the money supply will be very effective in shiftng
the economy’s demand curve. With the level of output and income y limited
by the money available for transactions purposes, an /P, increase wilj
permit a commensurate increase in y. Thus, when the economy is near full
employment with very tight credit conditions, monetary policy will be most
effective in shufting the demand curve.

In developing the multiplier expressions for changes in the policy instru-
ments g, t, and A, we were able to separate the multipliers into two pieces
The first was the muitiplier for an exogenous expenditure change,

1
)

1~ci~1)+ T
This was the same in all cases.

The second part, that differed from case to case, was the expression for
the directly induced expenditure change that follows from a change in a
policy instrument In the case of a change in government purchases this was
Jjust dg, since the dg change is itself a change in exogenous expenditure. In the
case of a change in the tax rate ¢, the policy-induced change in consumer
expenditure was given by —c’ydr. In the case of a change in #, or in real
batances m, the policy-induced change in investment demand was given by
(¢'/Iydm. These last three expressions can be used to rank the policy instru-
ments in terms of the certainty of the results.

The highest degree of certainty seems to come n the dg case, since here the
government actually exogenously changes spending. In the two other cases,
the direct expenditure effect depends on the reaction of private spending toa
change in one of its determinants Tax changes will be effective only
consumer spending reacts. Since it is possible that consumers will offset tax
changes, particularly temporary ones, by changing saving behavior, the
results of tax changes aren’t as certain as those of g changes.

Money supply changes will be effective only 1f (a) the change affects the
mterest rate and credit conditions facing investors, and (b) if these changes
affect investment spending. Since both of these steps are uncertain, it seems
likely (although this would be hard to prove) that the effects of M changes
may be less certain than those of tax changes. This is very likely the case for
permanent tax changes, less likely for temporary tax changes.

These considerations of uncertainty might lead to the following kind of
stabilization policy formula. First, keep M growth fairly smooth, since the
results of M changes in the short run may be pretty unpredictable. Second, us¢
permanent tax changes to set the IS curve at a desired long-run normal lere)
depending on the long-run desired level of g. Third, use small g changes for
short-run fine-tumng stabilization policy since their results are most certain
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Figure 5-16
A shift in the mix.

THE MONETARY-FISCAL POLICY MIX

From the discussion of the effects of monetary and fiscal policy changes in
this chapter it should be clear that changes in the policy variables can be used
to change the level of the interest rate and the composition of output without
shifting the demand curve, that is, without changing equilibrium demand-
side y at the given P,

For example, in Figure 5-16 (below), it may be that at the going price level
Py, the level of output y, yields roughly full employment. But the rq level may
be too high because it gives a level of investment, especially in housing, that
is too low. In this case, the interest rate may be reduced by putting in a
permanent tax increase, shifting IS to I,S,, and reducing consumption
demand. This could be balanced by a money supply increase, lowering the
interest rate and stimulating investment demand, bringing the economy
back to y, at the lower interest rate r,. This shift in the monetary-fiscal policy
mix, tightening the budget and easing the money supply, has shifted the
composition of the equilibrium y,. With g fixed, consumer expenditure has
been reduced and investment increased. Thus, the policy variables cap be
changed in opposite directions to change composition without shifting the
demand curve.

Working the policy variables against each other in this way creates
substantial uncertainty about the outcome, especially since the amount of
change in each variable will depend on the initial position of the economy.
For example, in mid-1968 a mix shift was attempted, with the imposition of
an income tax surcharge and a shift to monetary ease. With the economy
running at very low unemployment and historically high interest rates, we
might say that it was in the vertical region of the LM curve when the mix
change began. Then the imposition of only a temporary surcharge shifted the
IS curve down only slightly, while the monetary expansion shifted LM out
substantially, resulting in a shift of the economy’s demand curve to the right,
increasing output and the rate of inflation and pushing unemployment down
even more. Thus, while the policy instruments can be used against each other
to change composition,the amounts by which the instruments should change
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will depend on the economy’s position and this should be carefully talea into
account before such a mix shilt is attempted.

‘The various levels of uncertainty associated with the policy instruments
also suggest that if the objective is to shift the demand curve, it might be
best to use all the instruments in the same direction, giving the highegt
probability of success in changing y. This strategy, of course, maximizes thy
uncertainty as to where r will come out, since if, for example, in a restrictive
move the fiscal policy change “bites™ but the monetary pohicy change does,
rwill fall, while if the monetary change bites but the fiscal doesn't, r wili rise.

This section is meant to terper, at least a bit, the air of determinateness
and certainty that the calculation of multipliers gives stabilization poliy.
Thetheory is fairly clear, as the multipliers show, But th 1reactioninthe
economy to changss in g, 13} and M is uncertain; so that the exact results of
any given policy change will be hard to forecast. The chapters of Part Il
discuss the sectors of the economy in more detail, trying to reduce this kevel
of uncertainty. But first we must turn to the supply side of the economy aed
relax the assumption that the price level Py is fixed.
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Supply-Side Equilibrium:

Output and the Price Level

The last two chapters developed the demand side of fhe economy taking
the price level P as exogenously determined. The product market equilibrium
condition, ‘

ISty =c(y = t(y)) +i() + g, (1)

and the money market equilibrium condition,
M
- LM: += i) + k(y), (2)

are two equations that determine the equilibrium values of the level of
output y-and the interest rate r for any given value of P. Changing the
level of P changes equilibrium y and r through changes in real money
supply, m = (M/P). Graphically, this effect comes through shifts in the
LM curve. Varying the exogenous P assumption gave us the economy’s
demand curve, shown in Figure 6-1 as DD.

This chapter develops the supply side of our skeletal macroeconomy.
This gives us a supply curve to add to Figure 6-1; so that by equating
supply and demand in the economy we obtain endogenously determined
equilibrium values of output and the price level. :

The Simple Depression Model

To begin with, let’s look for the moment at an economy such as that of
the depression in the 1930s. The labor supply is more or less unlixpited,
so that a demand increase can expand output y and employment N without

93
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Figure 6-1
The agyregate démand
curve.

Figure 6-2
short-run

o

Yo

raising the price Jevel. This essentially gives us as a supply curve a hori-
zontal line at P in Figure 6-1, with equilibrium output then at y,. We can
next introduce a short-run production function for real output,

y=y(N; K).—-—>0 o9

which says simply that in the short run the level of real output y depends
on labor input N only. Al ather factor inputs, included in K (K for Kapital)
are either fixed in the short run, like the capital stock, or vary in direct
propottion to labor input, fike materials input. For any given level of y,
the production function gives the level of employment N needed to produce

this y.
This gives us a comple\c if somewhat unsausl'acmry, depressmn model.
The presence of massive loy means that a d can

increase output and employment without pulling up wages and prices to-
any significant degree. This situation is represented by the horizontal supply
curve at P, in Figure 6-1. Production of the resulting equilibrium output y,
gives employment to N, persons in Figure 6-2, presumably far less than the

/Y(NR’

-] O —

z
&



| SUPPLY-SIDE EQUILIBRIUM:.OUTPUT AND THE PRICE LEVEL ’ o ) 95

Figure 6-3
Demand shift in the
depression model.

total labor force. (Unemployment peaked at 25 percent in 1933.) In this
case, if government purchases were increased, the IS curve would shift out,
and the demand curve of Figure 6-1 would shift to DD, in Figure 6-3;
equilibrium output would rise to y,, and employment would rise to N in
Figure 6-2. '

Formally, this depression model adds the exogenous P assumption,

P=P0a (4)

to equations (1)—(3) to form a four-equation system in four variables: y, r,
P, and N.

The main difficulty with this analysis is that the assumption of a fixed
price level is not acceptable if labor supply is not perfectly elastic. We
know this from empirical observation. In the 1930s, when widespread un-
employment prevailed, an increase in demand could have expanded produc-
tion without resulting in much of a price increase. Even after 1961, when
unemployment was about 7 percent, demand increases expanded output
without causing much of an increase in prices. After 1965, however, with
unemployment below 4 percent, the continued expansion of demand brought
a rise in prices that continued.to 1971. Prices began again to rise sharply
during the worldwide recovery in 1973, and concern that inflation would
reappear inhibited expansionary policies in 1976-1977.

Intuitively we should be able to imagine the qualitative relationship

.between prices, wages, and the level of employment that would occur when

an economy is at or near full employment. If the demand for goods should
suddenly rise above the available supply, prices would begin to rise. Higher
prices would mean increased profits for producers, and they would expand

. their production in order to make even greater profits. To do so they would

try to hire more labor; thus, higher prices would lead to an increased de-
mand for labor. The increased demand for labor would take the form of
employers offering Higher money wages to hire more labor.

Presumably, however, workers are interested in the purchasing power
of their wages—what they can buy with their income. What they can buy

_ depends not only on the level of money wages, but also on the prices of
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goods and services. Thus, an increase in prices would lower the real wagey
earned by workers and mlghl cause a reduction in the supply of labo
offered at a given money wage. Another way to look at this is that the efic
of an increase in demand for labor stimulated by an increase in the
level is likely to be dampened by the reduction in labor supply caused by
the falling real wage. Thus, common sense tells us that there is a dose
relanonshnp between prices, wages, zmd the level of employment, and thy
this relationship is more d than the simple depression modd
ontlined above.

‘We have already developed the product market and money market equ
librium conditions, (1}-(2):

y=cly -G+t +g
and

M .

= ey + A3
and introduced the production function, (3):
y=yN:K).

These three equations have four endogenous variables: y, r, P, and N.&
the system as it stands is underderermined; it has fewer equations the
unknowns. In order 1o find equilibrium solutions for y, r, P, and N, w
have 10 find another equation that includes at Jeast some of these variable
and is a bit more sensible than the exogenous P assumption 1n (4) abowt
We will find this equation by looking at a third market, the labor marke
and deriving from it an aggregate supply curve relating P and y on &%
supply side. .

‘The Demand for Labor

We have already introduced a simple prod functi
which describes real output y as a function of labor mput N, with the lew
of the capital stock and of other inputs held counstant or varying in dir
proportion to fabor in the short run. This function is shown graphically
Figure 6-4(a) The shape of the production function y(N: K} shows §
creasmg with each increase in fabor input Thus. ¢y/éN >0 Howerer
increases at an increasing rate with the first additions of labor to the f
capital stock. But aﬂersomc fevel of employmcm shownasN n Fi_ &%
» begins to increase at a d rat ' margs
returns—as the capital stock is spread over more and more workers. &
tually a point may be reached where no addition to output would o
from added labor [where 3 {N; K) would flatten out] or even where ouf
would be diminished by adding labor [where y(N:K) would turn ’
There are some interesting functions to be derived from this prc *
function, shown in Figure 6-4(b). One is average labor productwvity. ©
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Figure 6-4
The production function
and its derivatives.
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also known as the average product of labor (4PL). This is represented by
the slope of a line from the origin to any point on the production function.
It can be seen that as employment increases, the average product of labor
first increases and then decreases. This relationship between APL and the
level of employment is shown in Figure 6-4(b). The other curve in Fig-
ure 6-4(b). derived from the production function. is the marginal product of
labor (MPL). This is the slope of the production function, ¢éy/éN, and in
Figure 6-4(a) would be shown by the slope of a tangent to the production
function at each point N.

Three points about the APL and MPL curves should be apparent from
Figure 6-4. With the production function first convex, showing increasing
returns, and then concave, showing diminishing returns, the MPL curve will
reach a maximum at the N level where the production has an inflexion
point, that is, changes from convex to concave. This is shown as N, in
Figure 6-4. The maximum APL comes at the N level where a ray from
the origin in Figure 6-4(a) is just tangent to the production function, N, in
Figure 6-4. Since MPL is given by the slope of ¥(N:K), at maximum APL,
MPL = APL. Finally, to the left of maximum APL, MPL > APL: to the
right, MPL < APL.

Now as a firm increases employment, the resulting increase in output is
given by the MPL, y/cN. For a competitive firm, facing a given price level,
the revenue increase from employment increase is

er

AR =P AN,
Cl

where P - (¢y/éN) is the marginal value product of labor. The increase in

cost, AC, to the firm hiring an additional increment of labor is simply the
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money wage rate W times AN. This gives us the firm’s equilibrium employ-
ment condition and the demand-for-labor function, as folfows. If an addition
to the labor force is such that AR > AC, a profit-maximizing firm will hure
the additional labor. If AR < AC, the firm will not hire. The firm will con-
tinue to hire labor until AR = AC and

W=P~3—N, (5a)
or
_W_@L
weg = )

where w is the rea] wage rate.

We can d p the d d-for-labor function from equations (5} in the
following way. Supposc the competitive firm is faced with market wage ;.
It will then ex!cnd employmcm until P+ (y/éN) = Wj,. If W falls, the ﬁrm
will i in condition {5). This gives us the inter.
pretation of equations (5) as (a) the real wage the firm will offer, w = 8y/éN,
or (b} the money wage the firm will offer, W = P - (8y/6N), for employ-
ment N. These relationships are shown in Figure 6-5.

I WO/P<(6y/6N) or Wo<P- (ay/aN), the ﬁrm will hire additional
labor. If the directi f the y Is d, firms will reduce the
amount of labor hxred

w=%’
W 2
+ W= N
N
N
{a) s
)
{
w
” -l wer 3
Figure 6-5 N

compmllve tirm's demand No
for lai (b}
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THE MONOPOLISTIC CASE

The monopolistic firm’s demand for labor will be qualitatively similar to
that of the competitive firm, and we can develop it briefly here. The dif-
ference between the two cases is that, where the competitive firm faces a
given price determined by the market, so that the marginal revenue product
of labor = P- MPL, the monopolist can choose the price-quantity com-
bination that maximizes profit along the firm’s demand curve. We can write
the demand curve as

P =P(y(N;K)); P' <0, (6)

with price as a declining function of quantity sold.
In this case total revenue is given by

R = y(N;K)- P(3(N;K)), (7)

or quantity y times price P. To obtain an expression for the change in
revenue, dR, that follows from a small change in employment, dN, we can
differentiate (7): :
dR dP ¢y cy

=y —

iaN YLeN T aN

Gy [, ydP
=p yary
3N (1 *p dy)

The last term inside the parentheses is simply the elasticity of demand so
that the marginal revenue product of labor for a monopolist is

dR 1\ oy
— + — .———‘ 8
dN P (1 e) éN’ (®)

where e is the (negative) elasticity of demand along the demand curve given
by equation (6).

The marginal cost of hiring a new worker in this simple model is still
W, the wage rate, and the monopolist will maximize profit by hiring addi-
tional labor until the marginal revenue is reduced to the level of marginal

cost, or
1\ ¢y

=P{l+-}—=. 9
w ( + e) 3N ©)
This gives the monopolist’s demand for labor curves shown in Figure 6-6.
These are simply the competitive firm's curves of Figure 6-5 shif}ed left by
the factor 1 4+ (1/e). A value of —1.5 for ¢ would put each point on the
monopolist’s curve one third of the horizontal distance to the vertical axis

to the left of the competitive firm’s curve.
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Figure 66
Manopohsuc hrm's
demand for tabor

~. Figure 67
™ Aggregate demand for
tabor

w=(l+ ,.Z v

weele )

{a) &)

THE AGGREGATE DEMAND FOR LABOR

In an economy with a mixture of monopolistic and competitive eler
the aggregate demand for Jabor will be a horizontal sum of many indivi.
demand curves, some fooking like Figure 6-5, some like Figure 6-6. Wit|
given technology, so that each firm's 8y/0N curve is stable, this a
labor-demand cutve will be fairly stable if product market demand chay
do not substantially alter either the output mix between the mono;
and competitive sectors, or the average elasticity of demand within
monopolistic sector. Under these conditions, the aggregate demand
labor 1s given by

we ¥ a ), f

or
W=P-fIN), {

where [N} < 0. The aggregate demand curve (10) is shown in Figun|
following the same format as Figure 6-5 and 6-6.

There are two 1mportam things to notice about the aggrcgate b
demand curve. First, its negative slope is dve 1o diminishing margins
ductivity of labor as more labor is added to a fixed capital stock. Ina p:rﬂ

w=f(N) W= P-{(N}

() (b}
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re6-8
;—coeﬁicienl
‘yetion function.

competitive economy with a fixed output mix, the demand curve f(N) would
be the aggregate MPL, Gy/éN. Second, since profit-maximizing firms are
interested in the real wage they pay—the price of the labor input relative
to the price of output—the price level enters the money wage version of the
demand function, (10b), multiplicatively. We write W = P - f(N), rather than
W = f(P, N). This distinction will be important when we examine the cffects
of price changes shifting the labor demand and labor supply curves.

THE FIXED-COEFFICIENTS PRODUCTION FUNCTION

Before moving on to discussion of the labor supply curve, we should briefly
examine one special production function that implics a fixed relationship
between capital and labor inputs and output. This fixed-coefficients produc-
tion function plays an important role in Part V; we introduce it herc only
because it has obvious-implications for the equilibrium level of employment.

The fixed-coefficients production function assumes that there is no pos-
sibility for substitution between capital and labor, once the capital stock
is put into place. Each machine requires a given man-hour input to produce
a given stream of output, and there is no room for varying the labor input
per machine-hour. With a fixed capital stock in the short run, this production
function, shown in Figure 6-8(a), is written as

y=min(—/{i;§>. (11)

This says that to produce one unit of y, at least A units of‘N and v ux_iits
of K are required; A and v are the fixed coefficients. Thus, in production

<jm)

(a)

ZM

'
APL = MPL
/

>l

i
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Figure 69
*Demand for fabor with
tixed coeticients.
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the ratio of N to K is Afv, or N = (i/)K. If K is fixed at the level K, s
maximum productive employment is {4/x)K. As employment grows fror,
zero to (4/v}K, output increases at the same rate with APL = 1fiand MPL~
dy/dN = 1/1, as shown in Figure 6-8(b). But at (1/wK, the capital stock &
fully utilized, and the marginal productivity of additional labor falls to zare.

The demand for labor in this case is shown in Figure 69. Since th
marginal productivity of labor is constant at 1/ as N is increased fromzem
to (iR, the demand curve 15 flat in that region. At the point " e
fixed capital stock becomes fully utilized, the marginal productivity dry
to zero. The importance of this case should be clear. The maximum lev
of employmentis (//v}K; any fabor supplied beyond that will be unemployed
1f the supply curve crosses the demand curve 1o the left of (JA)K, the ra
wage will be 1/4; if it crosses the demand curve to the right of (/)K, the
wilf be excess fabor, and the wage rate will be indeterminate.

>y

<
”

(2

2

{6}

To the extent that some firms n the economy operate with fit
flic prod functi the aggregate labor-demand cune!
be mote concave, or bowed, with a more or less flat mitial segment as
firms increase employment without reducing the MPL, and then as®
drop as the firms hit full utilizatton of capital stock. Figure 6-10 showst
aggregate labor-demand functions (a) with no fixed-coefficients produ®
functions in the economy, and (b} with a significant proportion of £
coefficients functions.
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w
(b)
(2)
Figure 6-10
Aggregate labor-dernand
function. N
The Supply of Labor

In developing the aggregate demand for labor in Figure 6-5, we did not make
any explicit assumption about price or wage expectations of the employers
on the demand side of the labor market. This is because we assume that an
employer has good information on, or perhaps control of, the particular
prices charged and the wage rates paid. Thus he or she is in 2 position to
know the real wage at each point in time. For the employer, this is the money
wage deflated by the employer’s particular product price. A worker, how-
ever, must defiate a known wage income by a price index, such as the CPJ,
that covers a wide range of products to arrive at an estimate of the real wage
w. Thus his or her information concerning the price level (and subsequently
the real wage) is not as good as that of employers, and an explicit assumption
linking worker estimates or expectations of the price Jevel P to the actual
price level P is needed. The importance of this asymmetry between firms
on the demand side and workers on the supply side will become evident
as we proceed with the analysis of aggregate supply.

In developing the supply side of the labor market, two important ques-
tions must be answered at the outset. The first has to do with expectations
and the other with the wage rate W, which up to now was taken to be fixed.

1. How rapidly and .completely do workers' expectations of the future
price level P° adjust to changes in the actual price level P?
2. Is the wage rate rigid or flexible over time?

The assumptions made regarding the correct answers to these yuestions
will be important for the operation_ of our skeletal macromodel. In Chapter
8 we will explore the meaning and implications of wage rigidity. In the rest
of Chapter 6 we will analyze labor market equilibrium and aggregate supply
under a range of assumptions between the polar cases of (a) immediate and
correct adjustment of P to changes in P, and (b) no adjustment at all.
Assumption (a) results in the classical case in which the supply of labor
depends only on the real wage w. This polar case is called “classical” because
it stems from the traditional theory of consumer behavior and was at the
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the ratio of N to K is 4/v, or N = (GWK. If K is fixed at the level K, the
maximum productive employment is (A/n)K. As employment grows from
zeroto ()R, output increases at the same rate with APL = 1/2 and MPL =
dy/dN = 1/}, as shown in Figure 6-8(b). But at (l_/v.)K. the capital stock is
fully utttized, and the margmal productivity of additional labor falls to zero.

The demand for labor in this case is shown m flgure 6-9. Since the-
margmal productivity of labor is constant at 1/1as N is increased from zero
10 (A/MR, the demand curve 1s flat in that region. At the point * * ore the
fixed caputal stock becomes fully utilized, the marginal productivity drops
ta zero. The importance of this case should be clear. The maximuam level
of employment is (i/v}K; any labor supplied beyond that will bt.: unemployed.
1f the supply curve crosses the demand curve to the left of (A/)K, the real
wage will be 1/4; if it crosses the demand curve to the right of (AWK, there
will be excess labor, and the wage rate will be indeterminate.

o

a5
=

Figure 6-9 ! N
* Demand for fabor with
tixed coefficiedts )

To the extent that some firms in the economy operate with fixed:
coefficients producton functions, the aggregate fabor-demand curve will
be more concave, or bowed, with 2 more or less flat initial segment as those
firms increase employment without reducing the MPL, and then a steep'
drop as the firms hit full utilization of capital stock. Figure 6-10 shows twe
aggregate labor-demand functions (a) with no fixed-coefficients production
functions in the economy, and (b) with a significant proportion of fixed-
coefficients functions.
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root of the pre-Keynesian schoot of ic thinking, which Keynes
dubbed “classical” m 1936, We will find that while the hypothesis that fabor
supply 1s a function only of the real wage w may be correct {but very difficult
to verify} in the long run, assumption {b), which'niaKes ihe lator supply a
function of the money wage W, may be a more useful hypothesis for ex-
plaming actual short-run variations in employment. This is the extreme
Keynesian case.

THE INDIVIDUAL'S WORK-LEISURE DECISION

To develop the labor supply function, we again borrow some basic ideas from
microeconomics We assume that a worker wants to achieve the mix of real
mcome and leisure that 1s most satisfactory to him or her. Assuming a
worker can allocate hours to work, thus earning real income 3%, or to leisure §,
the {imuts or constraints on fus ot her abifity to achieve maximum satisfaction,
or, as we will refer to it, utlity U, are the number of hours in the day and the
real wage rate. Thus, the worker’s utility function is

U= U(V.S);(%];,%?>0, a2

to be maximized subject to the constraint that
y=¥’_¢-(T—S)=mf~(T—~S). (13

where T 15 the total hours available to the worker, so that T — § = n gives
the number of working hours. Since we assume the worker 1s uncertain about
1he price level 1o use to convert nominal income into real income, the expecred
price level P* enters the calculation of expected real wage w* and expected
real income y*.

The work-leisure decision is shown i Figure 6-11 Each U (indiffer-
ence) curve shows all the combinations of * and S that yield the same level of
satisfaction or utility. The points on U, reptesent a higher level of utility
than those on U,. The entire 37, S space s filled with such curves, none
crossing any other. The worker-consumer wants to reach the highest indiffer-
ence curve possible. The Limit of his or her ability to move toward the
northeast in the %, § space 1s given by the straight line; 1ts location is deter-
rined by the number of hours available to the person, and the real wage
faced. Thus, if the worker has T hours tp aflocate and chooses to have no
mcome at all, he or she will have T hours of leisure. At expected real wage
w5, 1f the worker chooses to have no leisure at all, he or she will have w§ - T
income, and leisure can be traded for income along the budget line connecting
these two points. All points on or below the budget line are attainable, ot
Jfeasible; those above it are not. From the budget constraint y* = w - (T —S),
we haye dy = —w - dS; 5o that the slope of the budget line dy*/dS, is ~w"

. With a given expected real wage rate, the worker will reach maximum
utility at the point where the straight line is just tangent to an indifference
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ye
w
w§ T
i
Yo
Figure 6-11
The work-leisure S
decision.

curve, such as v§,S, in Figure 6-11. This will be the highest indifference curve,
and thus the highest level of utility, attainable. As the real wage rate changes,
the slope of the budget line changes. For example, if the wage rate were
increased to wj, the budget line would swing up to meet the y-axis at w§ 7T,
and the equilibrium point would move to ¥4, S;.

As we have drawn the indifference curves, it can be seen that increasing
the expected wage rate, that is, increasing the slope of the budget line from
an initial low level, initially reduces the amount of leisure consumed by the
individual, or conversely, increases the number of hours worked, T — S. By
connecting all the points of tangency of the budget line and indifference
curves for various real wage rates with T held constant, we get the dashed
labor-supply curve TT of Figure 6-11.

THE AGGREGATE LABOR-SUPPLY CURVE

Since leisure S is just T minus the number of hours of labor offered n, we can
redraw the relationship between the expected real wage rate w® and the
amount of labor n; offered by the individual as in Figure 6-12(a), which shows
an individual labor-supply curve that eventually bends backwards. This
suggests that.once wage rates reach a-certain high level, increases in wages
“may cause some workers to begin to increase leisure rather than working
time, as the-income effect of higher wages overcomes the substitution effect.
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we T we
we=g(N}
T
. 3
Figue 612 n N=Zm
Labor supply curves () ()

H we assume a homogeneous labor force with a single wage rate, we can sum
2ll the individual labor-supply curves to get the aggregate labor-supply curve
for the entire economy. This is shown mn Figure 6-12(b). In Chapter 8 we
drop the assumption of a homogencous jabor supply and deal with the
problem of a fabor force disaggregated both by phy and by skills. This
does not change our quali {usions about the agg level of
employment, but it does help ta explain the distribution of unemployment.

For a given value of P*, the aggregate labor supply curve shown in Figure
6-12(b) can be represented mathemanically as N = N(uw*), or

w

=g{N)g' >0, (142}

or

W = P*- g(N). {(14b)
Equation (14b} can be used to draw a labor supply curve in the W, N space of
Figure 6-13(b), To draw the Jabor supply curve on the w, N space of Figure
6-3(a), we must convert equation (14a) into a relation between the actual
real wage wand N. From equation {14b) it follows that

id
9Ny = B
Since we kpow by definition that

W= —- '}T‘ .
we can convert equation (14a) into a relation between the actual rather than
the expected real wage rate and the level of employment N. Substituting g(N}
for W/P* in the above identity we get

pe
we=-5gN), (14c)

which is plotted in the w, N space of Figure 6-13(a).
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W=P°-g(N)
Figure 6-13
Aggregate supply of N
lahor. (b

' The supply curves of Figure 6-13 follow the same format as our illustra-
tions of the demand for labor.

Equilibrium in the Labor Market

We have now derived equations for both the demand and the supply of labor.

Demand: w = f{N); (15)
Supply: w = g— - g(N). (16)
Equating demand to sdpply gives the labor market equilibrium condition
f(N)=f}-,i-g(N); {17a)

or
P fIN)= P - g(N). {17b)

The graphical solution of labor-arket equilibrium is represented by the
intersection of the two curves iy Figure 6-14. For given values of the actual
price level P, and the expected price level P¢ equilibrium employment is N,

[ s
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Figure 6-14 N

Equitibrium in the fabor
market.

No
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and the nominal and real wage rates are #7, and wy, respectively. Let us now
see what happens to labor market equilibrium as the price fevel P changes
under the extreme classicat and K i i ding the re-
action of P to changes in P, namely,

{(a) complete and correct adjustment of P to P (classical case),
or
(b} no adjustment of P* to P (extreme Keynesian case).
In the complete adjustment case (a), as # rises from Py, P* moves by

the same proportion, feaving the ratio P*/P unchanged. It is evident from
Figure 6-14(a) that this movement in P, with the expected price P¢ fully
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adjusting to actual changes in P, would leave the initial labor market equi-
librium values wg, Ny undisturbed. This is the classical result, in which
movements of the price level do not affect equilibrium employment N. The
same results can be obtained, but less obviously, from Figure 6-14(b). There
the equiproportional increases in P and P shift both labor demand and
supply up by the same amounts, again leaving N, undisturbed. The nominal
wage W then rises by the same proportion as P (and P*), leaving the real
wage wp also unchanged. Thus in the classical case, labor demand and
supply move together as the price level changes, leaving employment and
the real wage unchanged.

In the zero-adjustement case (b), an extreme example of the Keynesian
model, as P rises from P, there is no adjustment of P°. Therefore in Figure
6-14(b) the demand for labor shifts up along an unchanged supply rurve,
raising equilibrium employment and the nominal wage W. Since there is no
shift in the supply curve with P¢ fixed, the nominal wage rises less than the
price level, and the real wage w falls. This is evident in Figure 6-14(a). There
the nise in P with P¢ unchanged reduces P¢/P, shifting the labor supply curve
in w, N space down. This gives an increase in employment with a drop in the
real wage w. This is an extreme example of the Keynesian model, in which an
increase in the price level results in an increase in employment. The rigidity
of price expectations P* on the supply side of the labor market permits a -
reduction of the actual real wage w as the price level rises, inducing an
increase in employment.

From these two polar cases, it is clear that the relation of expected price
changes to movements in the actual price level is crucial. At one extreme, a
change in the actual price level has no effect on equilibrium employment; at
the other extreme it does. So we should analyze this relationship of P¢ to P,
and its implications for aggregate supply of output, more rigorously in order
to see what should be our normal expectation about the effect of an increase
in the price level on aggregate supply: How great is the effect and what is the
time horizon in%he general Keynesian model?

Expectations and Aggregate Supply

Implicit in our discussion of expectations on the supply side of the labor
market is a functional relation between the expected price level P and the
actual price level P. Now we will specify that relationship a little more
precisely in order to derive the aggregate supply curve and to see exactly
how it is affected by the expectations assumption.

RELATION OF PP TO P
The expectations function making P° dependent on P can be written
Pe=pP)0<p <1 (18)
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Figure 6-14 N
Equiibrium in the labor Ny
market. (b}

and the nominal and real wage rates are W, and wy, respectively. Let us now
see what happens to labor market equilibrium as the price level P changes
under the extreme classical and Kevnest: p regarding the re-
action of P* to changes in P, namely,

(a) complete and correct adj of P* to P (classical case),

or
(b) no adjustment of P* to P (extreme Keynesian case).
In the complete adjustment casc (a), as P rises from P,, P* maves by

the same proportion, leaving the ratio P*/P unchanged. It is evident from
Figure 6-14(2) that this movement in P, with the expected price P* fully
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adjusting to actual changes in P, would leave the initial labor market equi-
librium values wy, Ny undisturbed. This is the classical result, in which
movements of the price level do not affect equilibrium employment N. The
same results can be obtained, but less obviously, from Figure 6-14(b). There
the equiproportional increases in P and P¢ shift both labor demand and
supply up by the same amounts, again leaving N, undisturbed. The nominal
wage W then rises by the same proportion as P (and P?), leaving the real
wage wy also unchanged. Thus in the classical case, labor demand and
supply move together as the price level changes, leaving employment and
the real wage unchanged.

In the zero-adjustement case (b), an extreme example of the Keynesian
model, as P rises from P, there is no adjustment of P¢. Therefore in Figure
6-14(b) the demand for labor shifts up along an unchanged supply curve,
raising equilibrium employment and the nominal wage W. Since there is no
shift in the supply curve with P? fixed, the nominal wage rises less than the
price level, and the real wage w falls. This is evident in Figure 6-14(a). There
the nise in P with P° unchanged reduces P¢/P, shifting the labor supply curve
in w, N space down. This gives an increase in employment with a drop in the
real wage w. This is an extreme example of the Keynesian model, in which an
increase in the price level results in an increase in employment. The rigidity
of price expectations P° on the supply side of the labor market permits a
reduction of the actual real wage w as the price level rises, inducing an
increase in employment.

From these two polar cases, it is clear that the relation of expected price
changes to movements in the actual price level is crucial. At one extreme, a
change in the actual price level has no effect on equilibrium employment; at
the other extreme it does. So we should analyze this relationship of P¢ to P,
and its implications for aggregate supply of output, more rigorously in order
to see what should be our normal expectation about the effect of an increase
in the price level on aggregate supply: How great is the effect and what is the
time horizon inthe general Keynesian model?

Expectations and Aggregate Supply

Implicit in our discussion of expectations on the supply side of the labor
market is a functional relation between the expected price level P¢ and the
actual price level P, Now we will specify that relationship a little more
precisely in order to derive the aggregate supply curve and to see exactly
how it is affected by the expectations assumption.

RELATION OF P* TO P
The expectations function making P¢ dependent on P can be written
Pc=p(P);0<p <1 (18)
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Here P* depends on P, and the slope of the p function lies between zero and
unity. The extreme value of p’ = 0 defines the case of no adjustment of the
expected price levet as the actual price level changes. This case is one of
complete money illusion, following the usage of the economics literature.
With P* constant as P moves, the labor supply function depends only on
the money wage rate W. This is also known as the extreme Keynesian case
in the literature, usually with the added, but unnecessary, assumption that
the money wage rate is rigid. The money illusion assumption might be
appropriate for very short run movements in aggregate demand, when the
Iabor force has not had time to absorb new price information to adjust P*.

The other extreme value p’ = 1 defines the case of full adjustment of
expectations over the period under consideration. This case could be labeled
perfect foresight to conform with the economics hterature. Since P* adapts
to changes i P, fabor supply in this case depends only on the real wage
rate w, and the economy follows the extreme classical case in which move-
ments in P do not affect employment. This assumption is probably most
appropriate for long-run movements in which there 15 enough time for the
labor force to process fully new information on P.

For values of p’ between zero and umity, we have a general Keynesian
model with some degree of money illusion, and labor supply dependent
on both the money wage rate W and the real wage rate w. As we will see
below, in this general model movements on the price level do cause changes
in equilibrium employment. The size of the change in N depends on both
the degree of money illusion and the length of the period of adjustment.

AGGREGATE SUPPLY CURVE: EXTREME KEYNESIAN CASE

We can begin our derivation of the aggregate supply curve in the extreme
Keynesian case of complete money illusion with the labor market equilib-
rium condition written as

P f(N}=P*-g(N).

This is equation {17b} above, and 1s illustrated in Figure 6-15(a). With P*
given and not responsive to changes in actual P (p' = 0), this labor market
equilibnum condition gives uvs equilibrium employment N depending on
the price level P. By varying the (so far} exogenously determned price level
we can see how equilibrium employment will vary. Then, using the produc-
tion function, we can determine the variation in equilibrium output supplied
as the price fevel changes. This gives us the economy’s aggregate supply
curve.

Figure 6-15(a} illustrates the effect on equilibrium employment in the
Iabor market as the price level rises from Py to Py to P,. Since this shifts
the labor demand curve, but not the supply curve with P fixed, employ-
ment rises from Ny to N to N,. Figure 6-15(b) shows the changes in equi-
librium output on the supply side as employment changes. As N rises in
Figure 6-15(b), equilibrium output, 1n turn, rises from yo to ¥, to yz. This
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Figure 6-15

Derivation of the supply
curve, extreme Keynesian
case.

Figure 6-16
The aggregate supply

curve, extreme Keynesian

case.
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gives the aggregate supply curve of Figure 6-16. This supply curve can be
combined with the economy’s demand curve from Chapter 4 to show
determination of equilibrium price and output in the economy.

The important thing to see in Figures 6-15 and 6-16 is that the positive
slope of the aggregate supply curve of Figure 6-16 comes from the fact that
as P increases, shifting labor demand up in Figure 6-15(a), labor market
equilibrium employment N moves up along the given labor supply curve.
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Figure 6-17
Derivation of the supply
curve, ctassical case

The money-illusion assumption that p' =0 holds the labor supply cune
constant as P rises, generating the increase in employment and output ia
Figure 6-16.

AGGREGATE SUPPLY CURVE: CLASSICAL CASE

To denve the aggregate supply curve in the classical case of perfect foresight
with p’ = 1 we can focus on the labormarket equilibrium condition wntten as

=2 g

Ths 1s equation (1 7a) above, and is illustrated in Figure 6-17{a). Equilibrium
in 3V, N space, using equation (17b) is shown in Figure 6-17(b). Again, e
can derive the aggregate supply cunve in this classical casé with p"= 1 by
asking what happens to equilibrium employment as the price level moves
exogenously.
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Figure 6-18
The aggregate supply
curve, classical case.

With P° moving along with P, Figure 6-17(a) shows no effect on equi-
librium employment as P rises. The mechanism holding employment con-
stant is seen more clearly in Figure 6-17(b). There the exogenous increase
in actual Py to P, to P, shifts the labor demand curve up. With p’' = 1,
P¢ moves by equal amounts, from Py to'P© to P,°. Thus, the labor supply
curve shifts up proportionately to the demand curve shifts, holding equi-
librium.employment at N,. The nominal wage rate rises proportionately
to the originating increase in the price level P, holding the real wage con-
stant at wy in Figure 6-17(a). The result is no movement in employment
and output as the price level rises in the classical case with p’ = 1.

The resulting aggregate supply curve in the classical case is shown in
Figure 6-18. With employment fixed at N, in Figure 6-17, output is fixed
at yo = ¥(No; K) as P rises from P, to Py to P,. So in this classical case
the aggregate supply curve is vertical; on the supply side, equilibrium output
and employment are insensitive to movements in the price level under the
assumption of perfect foresight.

P
s
Pol————
P, f——
Py e e~ — {
s
!
Yo Y

GENERAL KEYNESIAN MODEL : IMPERFECT FORESIGHT

The extreme Keynesian and classical cases result from two polar assump-
tions about price expectations as formulated by equation (18): p' = 0inthe
extreme Keynesian case and p’ = 1 in the classical case. These two assump-
tions give very different results for the aggregate supply curves of Figures
6-16 and 6-18. Now we can derive the aggregate supply curve in the.ge_neral
Keynesian model, at least in the short run, in which 0 < p’ < 1 This is the
model in which expectations adjust to changes in the actual price level, but
not fully. It could be labeled the imperfect foresight model.

In Figure 6-19, adjustment of the labor market equilibrium to an ex-
ogenous increase in the price level from Py to P, is shown, with 0 < p' < 1.
so that P¢ adjusts by an amount less than the exogenous ch,ange in P. In
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Figure 6-19(a), the increase in P reduces the ratio of expected to actual price
level from P§/P, to P4/P, since p’ < 1. This shifts the labor supply curve
down in w, N space, reducing the real wage and increasing employment from
NotoN,. :

The same movement is also shown in the W, N space of Figure 6-19(b).
There we see the increase in P shifting the demand curve up while the rise
in P shifts the supply curve up, but less than the movement in the demand
curve, since p’ < 1. The excess demand for labor at W, pulls up the nominal
wage to W, an increase less than proportionate to the P increase since dP° <
dP. Thus employment rises to N,. The movement in employment is trans-
lated to the change in output in Figure 6-19(c), using the production function.

So, in the imperfect foresight model, with p’ < 1, the exogenous increase
in the price level from P, to P, increases equilibrium output supplied from
Yo to y, in Figure 6-19(c). This movement is traced in the aggregate supply
curve of Figure 6-20, where the (Pg, y,) and (P,, y,) pairs lie along the posi-
tively sloped supply curve SS. The assumption of less-than-perfect foresight
eliminates the verticality of the supply curve, making the curve positively
sloped.

Figure 6-20 S
The aggregate supply
curve, general case.
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We can derive the slope of the aggregate supply curve algebraically
using labor market equilibriuin condition (17b), rewritten as

P - f(N) = P¢- g(N) = p(P) - g(N) (19)
The total differential of the equilibrium condition is
P-f'dN + f(N)dP = P* - g'dN + g(N) - p'dP.
i
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To simplify this expression, fet us assume that P* = P = | initially. That i,
suppose expectations are correct initially and set the price index P=1],
so that f{N) = g(N) = w initially. Remember that from (14c)

.
w=TgiN)=g(N) i P=P,

and from (19}
SiN)=g(N) if P=P

Now the total differential giving movements in N as P changes, maintaining
labor market equiltbrium, simplifies to

J'dN + wdP = g'dN + wp dP.
‘This can be rearranged to give dN/dP on the supply curve

dN w-(1-p)

FE o 20. (20)
With0<p <1, 9 >0and f' <0, AN/AP is at least zero. To convert (20)
into an expression for the aggregate supply curve in y, P space, we use the
marginal product relationship dy = 8y/8N dN. Thus from (20) we have the
slope of the aggregate supply curve as P changes.

dy oy w-(1-p)
BN T 20 @),

This says the slope of the aggregate supply curve of Figure 620 is vertical
or positive. The inverse of equation (21),

O WALt IS SO e A
ap] T dy —Ey_ w-(l - pY
oN

defines the reaction of P as y changes. This will be useful in extending the
multiplier analysis of Chapter 5 to incfude supply as well as demand.

The slope of the supply curve in the extreme classical and Keynesian
cases can be obtained by setting p' = 1 and 0, respectively, in (21). In the
classical case, p = 1, and dy/dP = 0 from (21), as shown in Figure 618
In the extreme Keynesian case with p’' =0, dy/dP = w/(g' ~ [}, the slop
of the curve in Figure 6-16. In general, with some adaptation of P* to changss
in P, but with imperfect foresight, the slope of the Figure 6-20 supply curtt
is given by (21), with p’ as an important parameter, Since in general the slope
of the aggregate supply curve is pasitive, except in the extreme case whest \
p' = 1, itis useful to think of the classical case as the extreme, while o gmt{i‘
dy/dP > 0. The traditional Keynesian case gives the flattest version of-
supply curve, but in all cases except the classical perfect foresight case,
curve is non-vertical.
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Aggregate Supply in the Short Run and Long Run

«« Figure 6-21
., Aggregate supply in the
" ghort- and long-run.
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It makes sense to think of the aggregate supply curve as being more nearly
vertical, the longer the adjustment period after a disturbance. In other words,
we expect p’ to be smaller in the short run than in the long run. Consider a
disturbance to aggregate demand that pulls up the price level, such as an
increase in M or g from Chapter 5. In the very short run, the economy will

-move along a relatively flat supply curve with p’ near zero. As time passes,

and labor force price expectations adjust, p’ will rise, steepening the supply
curve. In the very long run p’ might approach unity, restoring the original
values of y and N.

This progression from short run to long run is sketched in Figure 6-21.
An initial shift in aggregate demand from DD, to DD, would move income
and the price level from (Py, yo) to (P, y,) along the short-run supply curve
S,S;, with a slope given by (21).and p’ close to zero. Then as the labor force
begins to react to the price increase, p’ rises and the supply curve becomes
steeper. In the longer run, p’ moves closer to unity, and the supply curve looks
more like the dashed S, S, curve in Figure 6-21. The price level continues to
rise, but the short-run increase in y is reduced as the economy moves to
P,,y,. In the extreme classical case, y would return to y, and P to a yet
higher P on a vertical supply curve. Whether this very long-run result would
appear will be discussed in Chapter 18. Here it is enough to note that in the
short run on which policy-makers focus, the result of the shift in DD is an
increase in P and y along the short-run supply curve.
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Supply-Side Disturbances

The aggregate supply curve of equation (21} gives the reaction of equilibrium
output supplied, y, as the price level changes, with a given production function
y(N; R), marginal product of labor function f(N), and labor supply function
g(N). A change in any of these relationships will shift the aggregate supply
curve in P,y space. It is worth examining three “pure™ cases by changing in
turn each of these functions while holding the others constant. This exercise
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Figure 6-23
Effect on the supply curve.
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should point the way for more complicated cases in which more than one
of these functions shifts, such as a technological progress change in both

y(N;K) and f(N).

SHIFT IN LABOR SUPPLY

The effect of an upward shift in the labor supply function is illustrated in
Figures 6-22 and 6-23. In Figure 6-22(a) the labor supply curve shifts up from
g%N) to g'(N). This could be the result of a change in labor force tastes
between income and leisure, an increase in unjonized real wage demands, or
an increase in unemployment benefits. The upward shift in the labor supply
function reduces equilibrium employment to N, in Figure 6-22(a), at the
preexisting values of actual and expected price levels, Py and P°. In Figure
6-22(b) the reduction in equilibrium employment reduces output supplied
from y, to y; along the production function y(N; K), again at the preexisting
values of P, and P°. \

The shift in the aggregate supply function is shown in Figure 6-23. At the
initial price level Py, equilibrium output supplied falls from y, to y,. This

. shift of the functional relationship between P and y on the supply side is

shown as the shift of the supply curve from S¢S, to S,S,. For any ipitial price
level, equilibrium output is reduced by the shift in labor supply; the shift
at P, is an illustration. .

SHIFT IN THE PRODUCTION FUNCTION

The effect of an upward shift in the production function is illustrated in
Figures 6-24 and 6-25. The shift could be due to a technical improvement
that increases capital efficiency. It also could result from an increase in the
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Figuore 6-25
Effect on the supply curve.
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capital stock. The illustration in Figure 6-23(b) shows the slope of the
production function (= marginal product of labor or MPL) unchanged at
the initial employment level N,. We focus on this particular case in order to
keep the effects of a shift in the production function separate from the effect
of a shift in labor demand (= MPL).

The shift in the production function leaves the labor market equilibrium
undisturbed in Figure 24(a), since the MPL is unchanged by assumption.
But at equilibrium N, the -equilibrium level of output supplied rises from
Vo to y,, in Figure 6-24(b). This shifts the aggregate supply function out
from 8,5, to S;S; at the initial price level Ps>The technical improvement
increases equilibrium output supplied at any price level.

Figures 6-22 to 6-25 provide a good illustration of a.basic principle in
comparative static analysis. When we want to examine the effects of an
exogenous event, we go to the shift in the underlying supply or demand
function (as in Figure 6-22), or technical relationship (as in Figure 6-24) and
trace the movement from.there. This insures against mistakes arising from
beginning the analysis “in the middle of the story.”

SHIFT IN LABOR DEMAND

A technical change that alters the slope of the production function without
changing v/N at the initial equilibrium N, can be represented as a pure shift
in the labor demand function f{N). The results can be worked through with a
pair of figures such as 6-22 and 6-23. An increase in the slope of the production
function, for example, shifts f(N) up, increasing N and y at the initial values
of P, and P,. This shifts the aggregate supply function out, increasing
equilibrium output supplied at any value of P.
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Selected Readings

These it Tude our analysis of the supply side of our skeletal
macro model. They illustrate shifts in output supphed given P, while earlier
sections showed the effects of movements in P, given the underlying relation-
ships. We can now combine the demand analysis of Chapters 4 and 5 with
the supply analysis of Chapter 6 to study general equilibrium determination
of y, P, r,and N in this basic model.

R. G. D. Allen, Macroeconomic Theory (New York: St. Martin®s Press, 1967) chapters
1-2

D. Patinkin, *Price Flexibility and Full Employment”, in M. G. Mueller, ed., Readings
m Macroeconomics (New York: Holt, Rinehart and Winston, 1966).

J. H. Power, “Price Expectations, Money Illusion and the Real Balance Effect,”
Journal of Political Economy, April 1959,

W, L. Smith, “A Graphical Exposition of the Complete Keynesian System,” in W, L.
Smith and R. L. Teigen, eds., Readings in Money, National Income, and Stabilization
Policy (Homewood, Ill.: R, D. Irwn, 1970).



Equilibrium in the Static Model

In Chapters 4 and 5 we developed the demand side of our skeletal macro
model, taking the price level P as exogenous. In chapter 6 we turned to the
labor market and the supply side, and derived the economy’s supply curve,
still taking P as exogenous. Now, in Chapter 7, we combine demand and
supply to determine equilibrium values for the price level P and output
(=income) y, and for employment N and the interest rate r. In Figure 7-1, the

P

By

Figure 7-1
Aggregate demand and
supply: genera! model.
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intersection of the supply and demand curves gives us equilibrium P, and
JYos we can take those equilibrium values back 1o the IS or LM curves on the
demand side to find equilibrium r,, and to the labor market equation or
production function on the supply side to find equilibrium N,

This chapter analyzes the general equilibrium determination of the four
key variables y, N, r, and P, and the reaction of these equilibrium values to
exagenous shocks, both on the demand side and on the supply side. Working
carefully through the analysis of the reactions to exogenous disturbances will
give the student the beginning of an intuitive ding of how the macro
economy “hangs together.” Then in Chapter 9 we will work through the
effects of monetary and fiscal policy in this skeletal macro economy.

Determination of Equilibrium y, N, r, and P

The demand side of Chapters 4 and 5 was summatized in the equilibrium
conditions for the product market and the money market. These are written
as

(1) Product market: y = c(y — #{y}) + i(r) + g: (the IS curve).

(2) Money market: -g = 1(r} + k(); (the LM curve).

‘These two equilibrium conditions were combined in Chapter 4 to give the
economy’s demand curve in P,y space, as shown in Figure 7-1. The supply
side of Chapter 6 added a production function and a labor market equilib-
rium condjtion to the model;

(3) Production function: y = y(N; K);
{4) Labor market: P - f{N} = P* - g(N) = p(P) - g(N).

In the generaf Keynesian model where 0 < p’ < i, the production function
and labor market equilibrium conditions combine to give a positively sloped
aggregate supply curve in P, y space, as shown in Chapler 6. This is illustrated
as the SS curve in Figure 7-1. In the extreme classical case where p’ = 1, the
supply curve is vertical, and equilibrium employment and output are deter-
mined by supply conditions only.

The three equilibrium conditions (1), (2), and (4) and the productiyn
function {3) give us four equations in our basic static model to determine
values for four unknowns: , N, r, and P. In genera), the model is nonseparable:
it is simultaneous enough to require all three equilibrium conditions to solve
for all the variables. Substituting N for y from the production function (4}
we can see that the product market equilibrium condition includes the vari-
ables N and r, and the money market includes N, P, and r. On the supply side,
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Figure 7-2
Aggregate demand and
supply: classical case.

the labor market equilibrium condition includes N and P. Thus, the general
model is completely simultaneous, as seen in Figure 7-1.

The model becomes separable, or dichotomous, when we use the extreme
classical assumption that p’ = 1. If we begin with a full equilibrium where P
and P° areindexed to 1,50 P° = P = ], then the classical assumptionof p’ = 1
makes P? = P throughout the analysis. But if we substitute P° = P into the
left-hand version of the labor market equilibrium condition (4), we have the
classical condition,

Classical labor market: f(N) = g(N). (4a)

The classical assumption p’ = 1 dichotomizes the model. The classical labor
market equilibrium condition (4a) is one equation with one unknown, N.
As shown in Figure 6-17, this determines equilibrium employment Ny vith
no influence from aggregate demand. With N, determined by condition (4a),
we can find equilibrium output using equation (3) as yo = y(No; K). This
gives us an aggregate supply curve that is vertical at y = y,, as shown in
Figure 6-18.

The separability, or dichotomy, of the classical model is shown in Figure
7-2. There the demand curve has the usual negative slope implied by the IS
and LM curves of equation (1) and (2), and derived in Chapter 4. However,
the supply curve in Figure 7-2 is vertical at y,. The labor market condition
{(4a) and the production function (3) fix y, independently of demand. In
Figure 7-2, the position of the aggregate demand curve determines only the
price level Po. With y and P, fixed, we can go back to the IS curve or the LM
curve to find ro. Remember that they each give the same value for rq because
the aggregate demand curve DD was derived from movements of ISLM
intersections where the r, y pair is the same on both curves.
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Reaction to Demand Disturbances

Figure 7-3
Equitibrium in the genees:
Keyneslan modet

N3
:

Let us now ook at a graphi of the lete system in the general
Keynesian model, using labor market condition (4) with p’ < [. Figure 7-3ig)
shows the product and money market equilibrium, while Figure 7-3{b) shows
the labor matket. The initial equilibrium level of output y, in Figure 7-3(a)
must correspond to N in Figure 7-3(b} chrough the production function.
Initial equilibrium yg, Po is shown in the supply and demand diagram of

P3-g(N)
Po-g(N)
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Figure 7-4
Aggregate supply in the
general Keynesian model.
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Figure 7-4. The Figure 7-4 value y, is the same as that of Figure 7-3(a), and P,
is the initial equilibrium price level fixing the position of the LM curve of
Figure 7-3(a), through M/P, the labor demand curve of Figure 7-3(b), and
the labor supply curve, through P* = p(P).

ADJUSTMENT IN THE KEYNESIAN MODEL

To see how equilibrium is reached, we will now assume that there is a sudden
exogenous increase in the level of investment demand in the economy, due,
perhaps, to an increase in expected returns from investment. It should by now
be clear from the four-quadrant diagram behind IS that this shift in i(r) will
lead to an outward shift in the IS curve. This is shown in Figure 7-3(a) by the
IS shift from IS, to I,S;, changing equilibrium output on the demand side
of the economy to y,. Equilibrium output supplied remains at yo, correspond-
ing to N,, on the supply side at the initial price level Po. In Figure 7-4 the
increase in investment demand shifts the demand curve up to D,D,. At the
initial price level Py, this shows a new equilibrium output demanded of j;,
the same as the new demand-side equilibrium y, in Figure 7-3(a). Thus, the
shift in investment demand i(r) creates an excess demand for goods and
services which would be magnified by the multiplier process to give excess
demand at the initial price level of y; — yo. The excess demand leads to 2
rise in prices. This in turn, on the demand side, reduces the level of the real
money supply m = M/P (or increases the demand for nominal balances)
shifting the LM curve up toward L, M, in Figure 7-3(a). This reduction in
equilibrium output demanded in the economy as the price level rises is
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represented in Figure 7-4 by movement up along the new demand curve
D,D, from y, toward y,. *

In the labor market the rise in prices stimulates employers to expand
production by offering higher wages to hire more labor. This increase in
d d for labor is rep d in the labor market diagram of Figure
7-3(b) by upward shifts of the demand curve from P, - f(N) toward P, - f(N).
At the same time, as the labor foroe begins to perceive the rise in the price
level, the expected price level P* rises, shifting up the labor supply curve
Pe - g{N} in Figure 7-3(b). In the short run with p' near zero, the shift in labor
supply will be small compared to the shift in demand. Thus, in the short run
equilibrium employment would rise toward N, in Figure 7-3(b).

In Figure 7-4, this increase in equilibrium output supplied is represented
by moving up the original supply curve from y, toward y,. Thus, the price
increase raises equilibrium output on the supply side from y, toward y, and
reduces it on the demand side from y, toward y,. The price increase will con-
tinue until the excess demand, measured by the difference between equilib-
rium y on the demand side and on the supply side in Figure 7-4 is eliminated,
Thus, at the final equilibrium output y,, which is greater than the original
level yo, the excess demand for goods and services has been eliminated,
stopping the rise in prices, and the excess demand for labor has been elimi-
nated, stopping the increase in wages. The excess demand for money that was
created in the background has also been eliminated, stopping the rise in the
interest rate at r,.

Since 1 has increased, we know from the production function y = 3{¥; K}
that employment has increased as shown in Figure 7-3(b). Also, the increase
in prices has caused the interest rate r to ncrease.

The i in d d has i d equilibrium employment from
No to N, in this Keynestan model with p’ < 1. The rise in prices has re-
duced the equilibrium output demanded from v,, but ut has also mereased
equilibrium supply-side output ffom y, and employment from Ny,sas

d to the ind d of N from d d conditions in the classical

case with p’ = 1.

Higher prices have brought higher wages by creating excess labor
market demand, raising W from W, to #; in Figure 7-3(b). From the labor
demand function

W=P-f(N) or %/=le)';]“’<0, [&1)

we can see that the increase in man-hours means that the real wage w= W/{"
has been reduced. This was necessary to induce employers to take on addi-
tional labor. Thus, since the real wage is lower, the rise in wages has not
been as great as the rise in prices. In order to tell what the effect is on rotal
real labor mcome, we will have to examine the labor market in more detail
We will furn to this question shortly.

It should be useful here to summarize the effects of the exogenous
increase in investment demand in the Keynesian model. First, the increase
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in demand has tightened money market and credit market conditions both
by raising y at the initial price level, pulling r up to r, in Figure 7-3(a),
and by raising prices, accounting for a further increase in r to r,. But this
increase-in the interest rate has not been sufficient to choke off the initial
increase in investment demand. From the product market equilibrium con-
dition, equation (1) (p. 124). we have

y=oly =)y =itr) + g. 16)

With an increase in v, the endogenous increase in ¢ will be smaller than the
¥ increase, so that the left-hand side of (6) must increase from the old to the
new equilibrivm. With no change in g, this means i must have risen also,
on t “ance. This just refiects the fact that. if 1 is to increase, there must be,
on balance, an exogenous or policy-induced increase in some expenditure
component.

While on the demand side of the economy the price increase tends to
reduce equilibrium output through money market effects. on the supply side
the price increase tends to increase equilibrium output in this model. With
price perceptions or expectations not adjusting fully to the actual price
increase in the short run, that is p’ < 1, the price increase increases employ-
ment by increasing the demand for labor: the money wage rises less than
the price level: so the real wage rate goes down.

ADJUSTMENT IN THE CLASSICAL CASE

In the classical case with p' = 1, the increases in the price level and interest
tate squeeze the initial increase in demand completely out of the system.
The initial demand shift is the same as in the Keynesian model with p" < 1.
In Figure 7-5{a) the IS curve shifts up to I,§; with the initial increase in
investment demand. At the initial price level P,, equilibrium output de-
manded rises to v,. This is shown as a shift in the aggregate demand curve
of Figure 7-6, where the increase from Vo to ¥; on the demand side is the
same as in Figure 7-5(a).

The shift of the demand curve produces an excess demand gap of
¥y — Yo: so the price level begins to rise. This shifts the LM curve in
Figure 7-5(a) up, raising the interest rate further. and reducing investment
demand. In Figure 7-5(¢), the price increase shifts labor demand up as firms
bid for more employees to increase output when they see prices rise. But
with p’ = 1. the labor supply curve shifts up as much as demand, so that
while an excess demand gap appears on the labor market, pulling up the
money wage, there is no movement in employment or output, which remain
‘fixed at Ny, I'o. This is seen explicitly in Figure 7-5{b) where the ratio P*/P
remains unchanged. leaving N = N,,.

How long does the price increase continue in this classical case? The
price level rises until demand is reduced to the original level 1o, as seen in
Figure 7-6. At that point demand is again equal to the fixed supply. so
excess demand is eliminated. In Figure 7-5(a), the LM curve shifts up until

s
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Figure 7-6 -

Aggregale supply and
demand in the classicat
sase.

equilibrium output demanded is back to y,. In Figure 7-5(c) the money
wage W tises as much as the price level: so that in Figure 7-5(b) the real
wage is unchanged.

What has happened to investment demand? From the product market
equilibrium condition (1) we have again

r—cly—Hy))=ilr)+g.

If v remains unchanged at 1, and there has been no change in g, invest-
ment i must return to its original value before the exogenous shift. The price
increase to P, raises the interest rate r just enough to move total investment
back to its original value, Only then is total demand equal to yy.

This extreme result foliows from the classical assumption that p’ = i,
which makes the aggregate supply curve of Figure 7-6 vertical at yo. The
vertical supply curve in the classical case is just a graphical representation
of the dichotomy between the labor market, where equilibrium N, is deter-
mined, and demand conditions in the economy. It is this dichotomy that
Jeads us to question the relevance of the classical assumption for explaining
short-run macroeconomic developments. It is clear in reality that exoge-
nous shifts in demand. such as the i change discussed above, will usually
generate partially offsetting reductions in investment demand through the
money market. But wide fluctuations in the level of employment and un-
employment also have been observed in reality, with unemployment reaching
25 percent in 1933. and varying between 9.0 and 2.9 percent since World
War 11. While the classical model says that the level of employment is not
sensitive to changes in demand conditions in the economy, these fluctua-
tions in the level of employment in reality have been related to demand
conditions.
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Figure 7-7
The liquidity trap the
classical case

THE LIQUIDITY TRAP {

The liquidity trap suggested by Keynes is a special circumstance in which
the classical case has no equilibrium solution. Keynes used the Yiquiduty
trap to score a debating point against the classical case; we can use it here
to illustrate a conceptual difference between the classical case and the
general Keynesian model, | PO

We saw in Chapter 5 that the speculative demand-for-money curve,
I(r), may become very flat at Jow interest rates. If I(r) becomes horizonta)
at some 10W 7, the LM curve will also be horizontal at that value of .
The theoretscal importance of this point in the classical case is shown in
Figures 7-7 and 7-8. If, from initial equilibrium y, in Figure 7-7(a), invest-
ment demand collapsés so that the IS curve shifts to I,S;, the price levd
will begin to fall. In the classical labor market of Figure 7-7(b), the prict
drop will not change equilibrium No; the price change affects labor supply
and demand symmetrically, since both depend on the real wage alone.
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Fiaure 7-8

Supply and demand in
‘he liguidity trap: the
::‘Iassical case.
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On the demand side, in Figure 7-7(a). the price drop shifts the LM curve
out. But since IS has fallen to an intersection with the horizontal segment
of the LM curve, the price change does not increase demand-side equilibrium
output from y,, so that excess supply v, — v, remains. Thus, as Keynes
pointed out, the classical model that we developed in Chapter 6 may be
inconsistent at low interest rates. This inconsistency is brought out in Figure
7-8, which shows the demand curve shifting to D, D;. corresponding to the
1S shift to 1,S,. With no intersection of the supply and demand curves. the
classical model has no equilibrium solution. and seems to suggest that wages
and prices would fall continuously if the economy were to get stuck in
this liquidity trap where people are indifferent between holding bonds that
earn rp,;, and money that earns nothing. ‘

Various writers since Keynes have removed this inconsistency in the
classical model. Pigou suggested that falling prices would increase con-
sumers” real wealth, increasing consumer spending and reducing saving,
shifting s(v ~ #(¥)) down. This would shift IS up to eventual demand-side
equilibrium. This wealth effect has been confirmed by subsequent research.
as discussed in Chapter 10 on the consumption function. Also. empirical
work on the demand for money has found no evidence that it does. indeed.
become absolutely flat at very low interest rates. as we discuss in Chapter 12
on the demand for money.

These solutions to the “inconsistency™ in the classical model generally
imply that, after a long period of falling wages and prices. equilibrium will
be reestablished at the original Ng.1p point. But in the 1930s. the US.
economy seemed to reach a different result: a fairly stable low level of
employment with-wages and prices dropping to a fairly stable level,

This result is consistent with the Keynesian model which does not have
the liquidity-trap inconsistency. The problem in the classical model was
that neither equilibrium output supplied nor demanded responded to the
price drop in the liquidity-trap case. In the Keynesian model of Figures 7-9
and 7-10 the price drop reduces the demand for labor. reducing equilibrium
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supply-side output from y, to y;, along the positively sloped SS curve of
Figure 7-10. .

Thus, in this depression case, the Keynesian model establishes a new
equilibrium at y,, N,. P,. W, with a drop in employment, as experienced
in th2 1930s, and a new, but lower. cquilibrium, price, and wage level. The
general Keynesian model seems to be a better framework for understanding
the events of the 1930s than the classical case with the liquidity trap. .

Real Lgbox; Income and Average Productivity (A Digression)

We saw above that as employment increases. the real wage rate decreases,

since employers equate the real wage w = W/P to the negatively sloped
. demand [unction f(N), which is related to the aggregate marginal product

of labor. :

Whether the increase, in employment outweighs the decrease in the real
wage as employment rises, thus increasing total labor income, will depend
on the elasticity of the demand curve for labor, that is, the elasticity of f(N)
with respect to changes in N. This will tend to be more elastic if excess
capacity is available, which is also likely to be’the casc if expansionary

" fiscal or monetary policy is in order.

In addition, although w falls as N rises, average productivity——output
per man-hour-—may rise, mainly due to the existence of overliead lubor—
foremen, office staff, and others— who have more stable employment than
production workers. As N expands from a point of low plant utilization.
the overhead labor staff will be used more- efficiently. raising output per
man-hour even though the marginal productivity of production labor is
falling. The demonstration of this effect on total income of labor and on
average productivity will require a rather detailed digression.

REAL LABOR INCOME AND CHANGES IN N

To begin with, consider a competitive firm producing a given output g,
using the following-inputs:

Capital = K

Raw materials = M
“Production” labor = N
“Overhead” labor = X

In the short run, both K and X are fixed; K = K, and X = X. The firm can
utilize the existing capacity of the plant and overhead labor as it chooses
by applying varying amounts of production labor and raw materials.

The costs of the firm will be of two kinds, fixed and variable.

© Fixed costs = ¢K + W, X, {7}
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Figure 7-11
Production function:
Nandg.

Figore 7-12
Production function:
qend M-

g=q(NKT),

N

where ¢ is the unit cost of fixed capital and W, is ;h‘c wage ta;clro}'i;vc'rbén’d
labor.
Variable costs = PM + W,N, ®

where P,, is the unit price of raw materials and W, is the wage rate for
production labor.
‘We will assume here that the firm's production activity has two aspects:

First,

q=4q(N;K, X). ©)
This says that the firm’s output g in the short run depends on the amount
of production labor man-hours employed, given X and K. Production labor
has diminishing marginal productivity as shown in Figure 7-11. Second,

M = Mig); M" >0, {10}

which says that the amount of raw materials required depends on the level
of output as shown in Figure 7-12. Finally, we will assume that the i
follows normal profit-maximizing behavior. The firm is given the following
conditions, .

Revenue: R = P+ g(N; K, X); {1
Cost: C =P M+ W,N +cK + W,.X. (12
By adding an extra unit of labor N the firm sees tijc change both in
eq
Revenue: AR = P sﬁAN
M
M(q)
q
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Figure 7-13 .
Firm's demand for labor.
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To magdmize profit, the ﬁl:m will continue to hire labor as long as the in-
crease in revenue from doing so is greater than the increase in cost. Thus,
the firm will reach equilibrium employment where

AR =AC
or
dq "OM &q
P—=—=W,4+P, -——.
: aN= e A
This gives us the firm’s demand function for production labor man-hours,
P oM\ dg
W,=Pl1-=-2——)2
. ( P Dq)aN (13)

This fu_nction, shown in Figure 7-13, should be fairly familiar. The new
factor is the term dM/dq. We may now ask, what happens if demand for
the firm’s output increases, driving prices up?

]
Y
=

zla

m
T 3q)

If there is excess capacity in the firm, that is, if the firm is using few
workers relative to the number that could be employed on its fixed capital,
as production increases the marginal productivity of labor, Gq/0N decreases
slowly at first. In the cdse of the fixed-coefficients production function
dq/8N drops not at all with the initial increment of labor. But in general
as production increases ‘further, older, less efficient machines have to be
activated and MPL drops faster. Furthermore, these older, less efficient
machines may need more raw materials, causing ¢M/dq to go up, and may
possibly raise ‘P,, relative to P. Thus as the firm approaches full-capacity
operation, (P,/P)(0M,/dq) is increasing, perhaps at an increasing rate,
adding to the effect of a falling dg/dN in making the slope of the labor
demand curve decrease.

The effect on the real wage rate and on total real labor income depends
on the steepness of the demand curve. If the curve is very steep, the drop
in the real wage might result in a decrease in total real labor income. This
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Figure 7-14
Change in totat
production-tabor income

L
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is illustrated in Figure 7-14. There the labor supply function is written a5
P¢{P - g(N). In the Keynesian model an increase in the price level shifts the
labor supply function down along the demand function in w.N space, as
P* rises less than P. Thus, in Figure 7-14, the increase in the price levd
from P, to P, shifts the labor-marke1 equilibrium from wo, Ny to wy, Ny

At real wage wy, production [abor’s real income is equal to the arez
wo0ONoO under the demand curve. If the real wage decreases 1o wy, real |,
income to labor becomes the area w,IN,0. Whether the real income in the -
second case is greater than, equal to, or less than it was to start with de- !
pends on the elasticity of the demand curve. The total real income of pro-_'
duction Jabor will increase with an increase in employment if the elastdy ™
of demand for labor is greater than unity.

As we have seen, the existence of initial excess capacity will teed 10
flatten out the labor demand curve and will therefore lead to increasesin
aggregate real-labor income with increasing employment. If the economy
is initially at full employ of its the d d for tabor curee
will have a steeper slope, and decreases in real wages could lead to a &
crease in total reat labor income with an elasticity of demand less tht
unity, Thus, an expansionary demand policy in a period of excess capadly
will tend to reduce the real wage only a little and raise employment enou)
10 substantially increase aggregate real labor income. But an expansionay
policy in the face of full-capacity plant utilization may reduce aggregit
Jabor income by reducing the real wage.

AVERAGE PRODUCTIVITY AND EMPLOYMENT

We can end this digression by looking at the behavior of average prodot
tivity of the totat labor force, both production and overhead:

: § A=y
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'We"qan think of the utilization of overhead labor in much the same way as
we regarded excess capacity. If there is a‘large surplus of overhead labor

- relative to the amount. that is normally required for an initial level of pro-

* duction labor, more production workers can be employed with the overhead
labor -fofce "being “spread out” over them.-Thus, although increasing the
production man-hour input will reduce the output per production man-hour
‘beyond peak APL, it is possible that the.average productivity over the
'whole labor force will continue to increase because the productivity of the
overhead labor force goes up as output rises. Therefore, in the early phase
of cyclical upswing, we may see average labor productivity rising as the
marginal productivity and real wage of production workers fall, due to the
overhead labor phenomenon. This will, if the economy begins with sub-
stantial excess capacity, also be accompanied by rising aggregate real labor
income, until the economy approaches full employment.

‘Reaction to Supply Disturbances

Discussion of demand-side disturbances, or exogenous shocks, is simplified
by the fact that once the disturbance is translated into an impact effect on
expenditure, the results can be analyzed independently of the source of the
disturbance. As we saw in the multiplier analysis of Chapter 5, any demand-
side shock works through the same multiplier (equation (17) of Chapter 5)
as any other disturbance, once we have accounted for the impact effect on
expenditure.

For supply-side disturbances, the analysis is not quite so simple, because
an event changing both the level and the slope of the production function
will have different results from an event shifting only the level, or only the
slope. This is because a change in the slope of the production function
(=MPL) will shift the labor demand curve as well as the production
function.

An exogenous shock that shifts the production function without changing
MPL at the initial level of employment is a bit hard to imagine. So here
we will focus on shocks that shift both, for example, bad weather or an oil
embargo, and in passing note the differences that would appear if MPL did
not change. In Chapter'9 we will look at the effect of exogenous shifts in
labor supply under the heading of incomes policy.

IMPACT EFFECTS

To make the analysis as clear as possible, we should begin by isolating the
source of the supply curve shift, and then go on to the economy’s reaction
to the shift. Let’s consider a shock that reduces the supply of some factor
that cooperates with capital and labor in producing output. This could be
a run of bad weather that reduces the supply of agricultural output, such
as we had in 1972, a shift in the supply curve of an intermediate input,
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Figore 7-15
Shift sn production
tunction

such as the ol embargo in 1974, or even 2 bombing raid that reduces the
capital stock (not neutron bombs, presumably)

The effects of a reduction in the supply of a cooperating factor such
as raw materials or energy on the aggregate supply curve are shown in
Figures 7-15 and 7-16. In Figure-7-15¢b), the reduction in supply of, say,
energy shifts the production function down. With a given input of labor
and capital, less output can be produced. In Figure 7-15{a}, the demand for
labor also shifts down, on the assumption that the marginal product of
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Figure 7-16
8hift in aggregate supply.
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labor f(N) falls. This would be the case with any multiplicative production
function such as y = AK°LFE" ~*~% where E stands for energy supply. A
partially additive production function such as y = AK*L"~® 4+ bE would
be needed to give a change in E availability with no change in MPL.

At the initial values for P, and P?, the reduction in energy supply from
E, to E; reduces equilibrium output supplied in Figure 7-15(b) from y, to

‘¥2. A drop from y, to y; would result simply from the shift in the produc- .

tion function at N,. The original level of employment would produce less
output with less E input. The additional drop to y, comes from the fall in
MPL, which reduces equilibrium employment at P, from N, to N, in
Figure 7-15(a). Thus, the supply curve shift in Figure 7-16, from (P, yo)
to (Py, y,) comes from two factors: the production function shift at N,
(yo — 1), and the change in employment to N, (y; — y,). As we will now
see, the shift in demand for labor (MPL) is crucial, because the final out-
come for employment depends on it.

EQUILIBRIUM REACTIONS IN THE GENERAL CASE

The dropin available energy input shifts the supply curve left in Figures 7-16
and 7-17. This creates an excess demand gap equal to y, — y, in those two
figures. Notice that in this case the excess demand came from a reduction
of supply, where in the earlier section on demand disturbances it came
from an increase in demand. There is an important point to be understood
here. Once it-is established whether a given exogenous shock generates
excess' demand (pulling P up) or excess supply (pushing P down), the anal-
yses of reactions in the supply- and demand-sides are independent of where
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Figure 717 Dy

Aggregate supply and
demand

the shock originates. The origin of the shock is important in telling us how
B DD or S8 shifts in Figure 7-17. Once we have established that, we know
. whether excess demand or supply appears. At that point we know whether

P rises or falls as a q and the analysis proceeds independent}

: of the source of the shock.

In the general Keynesian model with p’ < 1, the rise in prices from Pyto
the new equilibrium P, in Figure 7-17 raises equiltbrium employment to Ny
- ¢ in Figure 7-18(a). With p’ < 1, the shift of labor supply from Pg - g(N} to
P - g{N} is smaller thaa the shift in demand from Py - fH{N) to Py - ['(N).
Output supplied mcreases along the new production function 3 (N; K, E}and
along the new supply curve S, 8§, in Figure 7-17 from y, to y, as P rises.
. On the demand side, the rise in the price level from Py to the new equi-
tibrium P, reduces equilibrium output denanded from yq to y;. As P rises
the LM curve shifts up, rasing the nterest rate and reducing output de-
manded. This process continues as long as P nises, that is, until equilibrium
is reestablished at y, with the excess demand gap eliminated. The ise in
the interest rate has reduced investment, and the fail in income has reduced

consumption .
: 1t 15 useful to Jook at the final outcome for employment in some detail
I RN , 1o see the importance of the MPL shift. Given the supply curve shift of

S . . Figure 7-17, 1t is inevitable that equilibrium output is reduced, All that this
. an requires is a negatively sloped demand curve. But the outcome for employ-

L .ment is not so clear. As the-price level rises to eliminate excess demand,
S e « equilibrium employment on the supply side rises from N,. Figure 7-18 and

s .+ the text assume the mtuitively ikely outcome that N settles below Ng. But
~ ~ this is not necessarily-the case. If the aggregate demand curve were very
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“Figure 7-18
i;Supply-side reactions.
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steep, the needed P increase could shift equilibrium N abgve N,. For ex-
ample, y, in Figure 7-18(b) gives a higher level of employment than No,
but is still below y,: Thus, we cannot be sure that employment goes down in
response to the reduction in énergy supply; only that output falls.

What is happening here? There are two effects at work. The drop in
output reduces demand for all inputs at given factor-input ratios. This is the
equivalent of an income effect. But in the case at hand, energy prices rise
relative to wages, causing employers to attempt to substitute labor for
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Figure 7-19
Supply and demand in
the classical case.

epergy. If substitution is easy, the MPL drop in Figures 7-15(2) and T18)
is small. And if the aggregate demand curve is very steep, the price increase
will be large and the output drop small. In that case, the substitution effect
could outweigh the output effect, and employment would rise.

An extreme example should make this point clear. Suppose the produc.
tion function had shifted with no change in MPL. Then the initial level of
equilibriurn employment in Figure 7-18(a) would not have been affected by
the impact effects. But as P rose to eliminate excess demand, equilibrium ¥
would then have clearly risen.

This ill the complexity of analysis of supply-side shocks that sz
mentioned above. While the results for output are clear, we have to knos
the exact specification of the production function and and slope of the de-
mand curve before we can say something definitive about employment. So
for this analysis we must tum to econometric models, which unfortunately
have not yet concentrated enough on the supply side to give us clear resulis

SUMMARY OF THE CLASSICAL CASE

In the classical case, the impact effect of a drop in energy supply is to shit
the vertical supply curve of Figure 7-19 left. Returning to Figures 7-15 and
7-16, the impact effect of a drop in energy supply is to reduce equilibriun
employment to N,, and output supplied to ¥,, shown also as y, in Fig-
ure 7-19. This, as usual, creates the excess demand gap yo — y, in Figure 7-19,
But as the price level rises in reaction to excess demand, with p'=1,"
the equilibrium level of employment and output on the supply side remun
at N,,¥; This should be clear by now; the vertical supply curve has shified

B

Sil Sy
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from §,S, to S8, in Figure 7-19. All the equilibrium adjustment to a
supply shock after the impact effects in the classical case comes on the
demand side, as equilibrium output demanded is reduced to y, in Figure 7-19.

The analysis of reaction to supply disturbances in the classical case thus
does not result in the ambiguity of the general model, since there is no
adjustment of equilibrium N, y on the supply side beyond the impact effects.
This may give us a useful insight into the long-run effects of a change in
energy availability. However, for the short run we are probably in the
general model; with the likely outcome of Figure 7-17 and 7-18. In the
general model, the impact effects of a supply-side shock are partially offset
by the equilibrating price movement that follows. It is only in the extreme
classical case that the impact effects are alco the final equilibrium effects.
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Search, Wage Rigidity,
and Unemployment

In Chapter 7 we combined the demand and supply sides 1nto a skeletz
general equihibrium model of the macroeconomy In this general Keynesan
model movements in aggregate demand affect the equihbrium Ievel of em-
ployment in the economy We are naturally led to the questions How
the unemployment rate retated to this equilibrium level of employment, an¢
how does 1t change when demand conditions change? As we see m the
chapter there are several ways to answer these questions

First we mterpret movements 1 employment 1 the Keynesian mode
as changes m the proportion of job seekers taking employment If we 12kt
an unemployment rate of 5 percent as bemg “full employment ™ then at an
given time there are about 5 milhion unemployed persons in the U'S seeking
jobs Haif will find jobs within 2 month or so Shifts 1n aggregate deman¢
affect how rapidly these job-seehers find employment

Next we develop 2 1 expl of loy by sdent
fying as the labor force L that number of workers employed when th
labor supply curve becomes nearly vertical This gives us an explanatiol
of how measured unemployment might change as demand conditior
change. Then we mntroduce wage ngidities snto the picture both in the sens
of an economy wide average wage fioor and mn the sense of locat fabo
market ngidittes While the relevance of an economy wide wage floors
questionable the hypothests of local wage rigidity 1s useful Fnally wesor
marze a view of unemployment that draws on all of these elements as¥
as on the fixed coefficients production function of Chapter &

46
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Labor-Market Search and Employment -

The Jabor market is always in a state of flux, even when-the economy is
at an equilibrium position, as in Chapter 7. With a labor f{orce of about
100 million persons, and a full-employment unemployment rate of about
5 percent, there is a monthly average of 5 million persons actively looking
for jobs in the U.S. labor market. Moreover; these are not the same people
every month, so the monthly average does not come close to measuring the
. -rate of job search and turnover. In a full-employment year such as 1973,
- half of the unemployed in any given month found jobs with less than
'5 weeks of unemployment: less than 20 percent remained unemployed more
than 15 weeks. Thus, with a monthly average of 5 million unemployed job-
seekers at full employment, about 3 million find jobs in a month and are
replaced by other job-seekers. This gives us a picture of a labor market in
constant turnover, with workers searching for better, or at least different,
jobs, and employers continuously screening applicants for newly open posi-
tions. It is in this context that we must understand movements in employ-
ment and implicitly in unemployment in the Keynesian model of Chapter 7.

AGGREGATE DEMAND AND EMPLOYMENT

In Chapter 6 we saw that fluctuations in aggregate demand will cause
fluctuations in employment in the general Keynesian model with P = p{P)
and p’ < 1. This story is fully consistent with a view of the labor market
which has a stock of unemployed job-seekers that is turning over frequently.
In Figure 8-1 we see the labor market results of an increase in aggregate
demand in the general Keynesian model. As we saw in Chapter 6, an in-
crease in aggregate demand generates excess demand in the product market,
pulling up the price level.

w
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Search models -connect the analytics of Chapter 6 and Figure 8-1 to
the real world of the labor market, which has constant turnover and search
on both demand and supply sides, There are many such models corre-
sponding to different situations facing employers and workers. The supply-
side model of Chapter 6 is meant to be representative of these search— and
uncertainty-based models in the context of our skeletal static macroeco-
nomic model.

uilibrium Unemployment in the General Keynesian Model

The labor supply function of ‘Chapter 6 gives employment N as a function
of the money wage W and the expected price level P°. In that chapter,
N was implicitly. measured in man-hours of employment, or the product of
the number of people employed E and the average number of hours worked 7.

N=E-m. (1

Changes in N are generally reflected in changes in both E and 7. Thus the
slope of the labor supply curve combines two effects. As the wage rate
rises, persons already employed will offer increasing hours of work. More
importantly here, a wage rate increase will increase the number of people
employed E and reduce the number of workers unemployed, U = L — E,
with a given size of the labor force L.

THE SUPPLY OF WORKERS AND HOURS

The change in both 7 and E along the labor supply function as N goes up
can be explained by the existence of a customary minimum number of
working hours n* that is acceptable to employers. For example, employers
may require at least 35 hours per week of their employees, and not be
willing to hire anyone offering less. The effect of this institutional rigidity
on labor supply is shown in Figures 8-2 and 8-3.

In Figure 8-2 we see the work-leisure decision for an individual who has
nonlabor income ¥, and must work at least n* = T — S* hours, to obtain
employment. Nonlabor income might come from property, transfer pay-
ments, or another worker in the same family unit. The worker is maxi-
mizing the usual utility function of Chapter 6: U = U()*, S), subject to the
budget constraint 3¢ =7+ wi(T — §). T is total hours available, to'be
divided between work n and leisure S. With the minimum n constraint,
only points to the left of the vertical S* line are permissible; the worker
has to sacrifice at least S* hours of leisure to get a job.

At wage rates below w§ in Figure 8-2, the worker prefers no employ-
ment to an n*-hour job. When the wage rises to w§ he or she takes an
n*-hour job, and his or her labor supply stays-at the n* “corner solution”
until the wage rises to wg. At wage rates above w§, the labor supply curve

i
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Figure 8-2
Wark-leisure decision with ©
mycimunt hours n*
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moves to intenor tangencies, becoming the expansion path hfnl Afc
hn,) the worker supplies additional labor at a decreasing rate. Tis
dividual labor supply curve is shown in the wo, N space of Frgue!
Below wf§ the worker supphes zero hours of labor. At wj supply jur
tw,.* .md <*~ys there up to w4, when the usual Ji(n,) function takese
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Figure 84
Aggregate worker supply
curves. .,

When the individual labor supply curves of Figure 8-3 are aggregated
over the labor force, the slope of the resulting aggregate supply curve, then,
has.the two components pointed out at.the beginning of this section: as
w rises, first more workers’ w, thresholds are passed, and E rises; and
second, the number of hours worked by those employed rises, raising 7,
average hours worked. The first of these effects gives us the supply curve of
workers shown in Figure 8-4.

w

W=P%g(e)

.

(b)

The shape of the aggregate worker-supply.curve can be explained as
follows. As the wage rate rises from very low levels, increasing numbers of
workers become employed as their w, thresholds are passed, so that at low
wage levels, the curve is concave. But after most of the primary workers—

‘working heads of households and single males—are employed, further w

increases call forth diminishing increases in the supply of workers, so that
the curve turns convex and becomes nearly vertical at a high wage level
where virtually all potential workers are employed.

' THE LABOR FORCE AND UNEMPLOYMENT

The aggregate worker-supply curves of Figure 8-4, with positive and in-
creasing slopes in the range that is relevant for our analysis, provide a
natural definition of full employment. As wages rise, the labor supply curve
becomes vertical at some maximum level of feasible employment, which we
will identify as the labor force. Thus, in Figure 8-4 we can define the labor
force L as that level of employment at which the labor supply curve be-
comes vertical. The difference between the total labor force L and the
equilibrium level of employment, Eo in Figure. 85, is then the level of
unemployment—the number of unemployed people who would be willing
to work if a suitable job were available:

Uy=L=E, #)
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Figure 85
Equilibrium in the market
for workers.

2 wE)

Vo~ §(E)

The difference between the classical case and the general Keynesiar
model of Chapter 6 should be noticed again in Figure 8-S. The dlassica!
case assumes P¢ = P, so that the worker supply function is w = g{E). In this
case since both supply and demand are in terms of the real wage, the labor
market equilibrium condition in terms of workers is

9(E) = f{E), 1]

one equation in one variable, determining the level of employment in the
tabor market alone. With a given level of the labor force, this means that
the equilibsivm level of uncmploymem Uo is also determined in the labor
market alone, without refe 1o diti in the classical cast.
This ts, agan, the dichotomy of the classical case that we saw in Chapter b
The equihbrium fevel of unemployment is determined by labor market cor-
ditions alone and will not be affected by manetary or fiseal policy changes

The situation is different \f p = p(P}, p’ < 1, as in the general Keynesiz
model. Here the market equiltbrium for workers is

P . 2
5 9lEV= fiE): ¢
where
PP
In this case the equilibrium level of loy E, and pl t

U, depend on demand conditions which pamzHy dclcrmme the position &
the labor demand curve. Thus, as was shown in Chapter 7, the Keynesi
model links unemployment 1o the demand side of the economy. An ¢t
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pansionary monetary or fiscal policy change will raise P, shifting the supply

curve in Figure 8-5 out increasing E and decreasing U, given L. So the
- general Keynesian model gives us one explanation of how demand changes
~.cam affect the level of unemployment.

VOLUNTARY AND INVOLUNTARY UNEMPLOYMENT

We now have a reasonable explanation of fluctuations in unemployment in
an economy that is generally operating near full employment, such as the
U.S. economy since World War 1I with unemployment rates between 3 and
9 percent, as compared with the 15 to 25 percent of the 1930s. Even so,
there is one troublesome aspect about this explanation: It implies that the'
unemployed are unemployed more or less by choice. Looking back to
Figure 8-3 the cause of their unemployment is that the wage rate (for their
skill class and geographical area) is below their threshold wy. In a way, lit
is their definition of what is a suitable job—one paying at least wo—that
keeps them unemployed.

In an economy generally operating near full employment, this can cer-
tainly be the case, even if there are pockets of local unemployment running
as high as 15 percent. Examples of these are Appalachia, many areas in our
major central cities, and, in general, areas where there has been a major
drop in industrial output. When industry declined in Boston in the 1950s
and central-city jobs disappeared, unemployment in the ghetto rose. The
reappearance of industry in the 1960s along Route 128 circling the city
didn’t help the central-city workers much because of the lack of public
transportation from Roxbury to Route 128. This kind of large-scale local
structural unemployment is due to local labor market ngidities, the lack of
job information, and the cost of moving, and can, in time, be alleviated by
government action to remove these impediments. It is still consistent with
our Figure 8-5 explanation of unemployment in an economy that is, in the
aggregate, operating near full employment.

But this view of unemployment will not hold up well in a case in which
there is clearly widespread involuntary unemployment, such as in the 1930s
when people would take work at almost any wage, but no work was avail-
able. The labor market equilibrium pictures of Figure 8-5 include unem-
ployment of people who can't find suitable work, not of people who can’t
find any work. So the model of Figure 8-5 can’t, by itself, explain the mas-
sive involuntary unemployment of the 1930s, although it does represent the
operation of the postwar economy fairly weéll.

To explain aggregate, or economy-wide, involuntary unemployment, we
can introduce the notion of wage rigiditv—when labor market demand falls,
wages don't fall, so that the equilibrium labor-market outcome is off the
labor supply curve. In the next section we look at the aggregate labor
markets with rigid wages and then in the following section use the notion,
of wage rigidities in local markets to explain unemployment changes with
demand shifts. - '
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Wage Rigidity in the Aggregate Labor Market

Figure 8-6
Wage nigidity in the
general madel

The possibility that the money wage rate is “sticky™ or “rigid” in a downward
direction was introduced in the 1930s as an explanation for unemployment
within the framework of the classical real-wage model. It provides a ratio-
nalization for the existence of large-scale aggregate unemployment. Suppose
that once the money wage rate rises to an equilibrium level Wy, it cannot
fall from that Ievel due to institutional imperfections in the labor market.
Perhaps employers don’t like the idea of wage cuts, or perhaps labor con-
tracts make it impossible to reduce wages. This downward wage rigidiy
will give us an explanation of i Y loyment on an economy-
wide scale.

WAGE RIGIDITY IN THE GENERAL KEYNESIAN MODEL

Downward wage rigidity in the general Keynesian model i shown in Figure
8-6. There labor supply is W = P« g(N), with p' <1, ahd the demand
functionis W = P - f(N), as developed in Chapter 6. In the initial equilbrium
situation employment is at Ny, with equilibrium unemployment of Ny — N,
The money wage rate is W,, and, by hypothesis, it cannot fall from I,

I, starting from the initial equilibrium Wy, N,, aggregate demand falls
off creating excess supply in the product market, prices will fall This will,
in turn, shift the demand curve for labor in Figure 8-6 down toward P, - f(N)

Peog(N)  PiB(N)
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Figure 8-7

Demand and supply with
rigid wages: the general
maode!.

and the supply curve down toward P§ - g(N). If P, is the new equilibrium.
price level in the sense that the product and money markets come intc
equilibrium at P,, employment will drop to N, at wage rate ¥, If the wag.

rate were able to fall, the price level drop to P, would have reduced equi-
librium employment only to N, along the supply curve, aithough, as we
will see shortly, a further price drop would actually have been required to
restore_equilibrium,

The wage rigidity would replace the segment of the labor supply curv-
Pe - g(N) below Wy, Ny with the horizontal line at W, As the price leve
falls, equilibrium employment falls along the W, horizontal line instead oi
along the shifting supply curve in Figure 8-6, so a given price level drop
causes a bigger drop in N (to N, for example) with the wage rigidity than
without it (to N, for example).

This is shown in the supply and demand diagram of Figure 8-7. Th
segment of the supply curve SS below the initial equilibrium Pg, y, point
is replaced by ss, which corresponds to the horizontal line at W, in Figui.
8-6. When demand drops from DyDg to D,D,, the price level falls from Py
to P,, and output falls fram yo = ¥(No: K) to y,. At P, without the way -
rlgldlty, equilibrium output supplied would have been vy, correspondin_
to N, in Figure 8-6. This still would have left excess supply measured by
y, — yy in .the product market, requiring a further price drop to P; to
establish a new equilibrium at y;.

Thus, with the wage rigidity in the Keyncsxdn model, the dmmward
shift in demand gives a new equilibrium at P, Y;, W, N, in Figures 8- 6
and 8-7, with y falling along ss. Without the wage rigidity the new cthbnum
would be Pj,y; in F igure 8-7. N would be at N in Figure 8-8, between N, 5
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igure 88
tbor market equilibrium
ith ngid wages

and N, in Figure 8-6, and the price level would be at P, in Figures 8-7 aad
8-8, lower than P,. Introduction of the wage rigidity has incteased the
magnitude of the decrease in y and reduced the magnitude of decrease in P
needed to restore equilibrium with a given downward demand shift. In other
words, the slope of the supply curve, dy/dP, has been flattened by the substi-
tution of ss for the lower segment of S in Figure 8-7,

This can be seen in mathematical terms using the expression for the
slope of the supply curve given by equation (21) in Chapter 6:

dy _ oy wi=p) ©

2long the supply curve in the goneral Keynesian model, In this equatios,
introduction of the wage rigidity has reduced g’ to zero below W, in Figures
8-6 and 8-8. The stope of SS is given by (5); the slope of ss is given by

dv & w(l-p)

Py -

Adopting the view of unemployment developed in the last section, Figures
8-6 and 8-8 measure unemployment in the initial equilibrium. But strictly
speaking, there was no aggregate incofuntary unemployment in that equi-
librium since, on average, the unemployed people in the labor force were
in that circumstance by choice. They were searching for jobs at the existing
wage rate. Similarly. if wages were flexible so that employment stabilized
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at N; in Figure 8-8, Np — N; would measure a kind of voluntary
unemployment, ’

However, with the wage rigidity fixing the wage rate at ¥}, in Figures
8-6 and 8-8, involuntary unemployment measured by the gap between labor
market supply and demand equal to N, — N, shows up in the new equilib-
rium. At the existing wage rate, the gap measures the number of people
willing to work who cannot find jobs. Of total unemployment Ny ~ N,
N, — N, is involuntary in this sense. However, the involuntary unemploy-
ment of N, — N, is not a measure of the effect of the wage rigidity. With
flexible wages, employment would have fallen to N;; the wage rigidity has
caused an additional drop'in man-hours employed of Ny — N,.

Whether or not the new equilibrium on the ss curve at wy, Py, Ny, ¥,
in Figure 8-6 and 8-7 is a true equilibrium position is a question th~t has
been debated in the economics literature since the 1930s. From Figure 8-6
it is clear that at this new “quasi-equilibrium” point the labor force is off its
supply curve. This is just another way of saying that points on ss in Figure
8-7 are not on SS. If the definition of equilibrium requires that all economic
actors are on their relevant supply and demand curves, then the quasi-
equilibrium Py, y, of Figure 8-7 is an outcome, but not an equilibrium out-
come. It seems more reasonable, however, to define an equilibrium situation
as one which will not change of itselfif it is left undisturbed. Is there a tendency
in the model for the point P and y to move from P,,y,? The answer has to
be “no” if the money wage is really rigid. Once the economy reaches Py, yo
in Figure 8-7, if W, really cannot fall, then the true supply curve below P,
becomes ss in this definition of equilibrium. Thus, whether P, y, is an equi-
librium position depends on your definition of equilibrium. The view taken
here is that the better definition is one that focuses on whether the situation
tends to change if left alone, so that P, y, is an equilibrium outcome.

WAGE RIGIDITY IN THE CLASSICAL CASE

Downward wage rigidity in the classical case is shown in Figure 8-9.
There the labor supply function is g(N), drawn to become vertical at full-
employment man-hours employed Ny, corresponding to the employment
of the entire labor force L at average hours 7i.

Figure 8-9 shows an initial equilibrium at real wage w, with money wage
W,, price level Py, and equilibrium employment No. Ny — N, measures
unemployment in the initial equilibrium. But strictly speaking, there is no
aggregate involuntary unemployment since, on average, the people in the
labor force out of work are in that circumstance by choice.

Now suppose the money wage rate is fixed at W,, and aggregate demand
drops due to, say, a collapse in investment demand and a large shift of the
IS curve to the left. This creates excess supply in the economy and the price
level falls to P,. In Figure 8-9(a). the real wage, with W stuck at 5, risesto |
iy, creating an excess supply of labor equal to N° — N°. Similarly. in Figure
8-9(b) both the supply and demand curves of labor shift down, giving the
same excess supply. If there is no mechanism to force employers to hire
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Figure 89
Wage ngidity in the
classical case
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more labor than they want to, employment will fall 1o N? in Figure 8-9. 1
P, isthenew equilibrium price level, assuming that ¥; is fixed, then employ-
ment has dropped to NP and ontput has dropped to ¥y = (N, K). This
is shown in the supply and demand diagram of Figure 8-10.

The “true” supply curve SS is, as usual in the classical case, vertical in
Figure 8-10 fixed in the labor market at yp = ¥{No; K). The mtersection of
the original demand curve DoDo and the supply curve determined the initial
equilibrium price level P, of Figure 8-9, and, given w,, this determined the
initial, and now rigid, money wage rate Wo.

Now if W, is rigid downward, as the price level falls m Figure 8-9 raising
the real wage, employment and output will fall along the labor-demand
curve. This is best {llustrated in Figure 8-9(a); as P falls from Py with W
fixed at Wo, employment {alls along the f(N) demand curve. This again gives
us the dashed ss segment of the supply curve in Figure 89, which replaces
the segment of the true supply curve below ﬁﬁ _i(mual equilibrium. The
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Figure 8-10
Supply and demand with
rigid wages: the classical.

By

downward shift in the demand curve from DyDg to Dy D now creates excess
supply and reduces the price level to P, with observed output y, = y(N”; K).

If we now ask how many more man-hours would be offered at the going
wage than are employed, the answer is N¥ — NP, the measure of aggregate
involuntary unemployment. Thus, the introduction of the rigid wage pro-
vides an explanation for truly involuntary unemployment in the classical
case, as well as in the general Keynesian model.

Several points should be noticed here, First, unemployment in the sense
of an externally measured labor force minus actual employment has risen
from Np — Ng to Ny — N, in Figure 8-9, while truly involuntary unemploy-
ment has risen from zero to Ng — Ny, at real wage w;. This is emphasized
because, second, NS — N® does not measure the “effect” of the wage rigidity.
If the rigidity were removed, employment would return to N in this model,
an increase of N, — NP, not N° — N2, which overstates the effect of the
rigidity by N5 — N.

Second, from the supply and demand diagram of Figure 8-10, it should
be clear that the rigid-wage hypothesis provides another solution to the
liquidity-trap problem, if the trap exists in the first place. If the demand
curve shifts to the left and becomes vertical because price decrcases won't
increase equilibrium output demanded, an inconsistency appears in the
classical case;-there is no intersection between the demand and supply
curves, and prices and wages can fall continuously without restoring equi-
librium. With a rigid wage rate, however, the original vertical supply curve
below the initial equilibrium point is replaced by the positively sloped supply
curve ss. Now if the classical economy falls into the liquidity trap, equilib-
rium will be reached at a new Py, y, point as shown in Figure 8-11, at the
intersection of ss and the vertical DD, demand curve.
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Finally, a point of contrast shoufd be noticed about the effects of way
rigidity n the general model and in the classical case. Wage rigidity changd
the funaamental character of the classical case. Without wage rigidity the
labor market equilibrium condition in the real wage model is

SIN) = g(N), ©
and employment 1s determined in the labor market alone; {6) is one equation
n one unknown. Wage rigidity replaces this equilibrium condition by

Wo=P-fIN), U]
one cquation in two unknowns, P and N. This eliminates the dichotomy

of the reat wage model. It makes the supply curve in Figure 8-11 the pos-
tively sloped ss mstead of a vertical 5, and the model becomes simultancoss,

- with interaction between demand and supply sides. .
In the general model, with (7) replacing the flexible-wage equilibritz
- ~— condition, .
- - P- fiN)= P g(N) = P(P) - g(N), ®
.= the fundamental character of the model is not changed Both (7) and (8

include the variables P and N both SS and ss in Figure 8-7 have positie
slopes. Wage rigidity just changes the slope of the supply curve in an already
simultancous model in the general Keynesian nfodel.

Local Wage Rigidities and Aggregate Unemployment
The previous section analyzed the effects of wage rigidity in the ¢
Keynesian model and in the classical case partially to take advantage
opportunity to look at those models from a new angle. The best w2y &
understand how the economy “hangs together™ 1s to ook at it {rom s¢s
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different aspects, and asking how wage rigidity affects its operation is one
useful way to do this. But these labor market models with an economy-
wide rigid wage probably have little relevance to the actual explanation of
unemployment in the U.S. This is because, at least in the short run, Jabor
mobility between local labor markets, disaggregated by geography or skill
class, is very low. Thus, the notion of an economy-wide donwward-rigid
wage has to be based on the assumption that all local wage rates—for
steelworkers in Pittsburgh, rubber workers in Akron, electricians in Los
Angeles, and so on—are rigid downward. But if this is the case, for an
economy-wide wage index literally not to fall as demand and employment
fall implies both that every local market where demand falls has a wage
rigid "y, and that demand falls the same proportion in each. so that the
wag. .ndex isn’t reduced by a shift in the mix of employment from high-wage
to low-wage areas. Since one major cause of a downward-rigid wage, at
least in the short run, would be the existence of a unton contract, the fact
that only 20 percent of the U.S. labor force is unionized suggests that local
rigidities aren’t so frequent that the first of these conditions is very likely
to be met.

One might expect the economy-wide labor-supply curve to have a
horizontal rigid-wage floor at the level of the minimum wage, or at the
average unemployment or public assistance benefit level. But the minimum
wage—the highest of these three levels{!)-—is $2.35 (in 1977), compared to
average gross hourly earnings in manufacturing of $5.19. So this floor is
so far below the normal operating range of the economy that it cannot
explain existing economy-wide unemployment. although it might explain
some unemployment among marginal workers such as teenagers.

A more plausible role for wage rigidity to play in explaiming unemploy-
mert is in the presumption that some local labor markets have rigid wages.
particularly those most unionized in the manufacturing and mining sectors:
and some have flexible wages: particularly those in services. If this is the
case, as aggregate demand rises. the money wage rate and employment will
generally rise with the impact on particular local labor markets depending
on the source of the demand increase. But when demand falls, Wand N fall
along the supply curve in markets with flexible wages, and in markets with
rigid wages, N falls along the initial 1 line. This would give us a positively
sloped economy-wide fabor-supply curve, but the supply curve would be
steeper as W and N rise to any point ¥}, No than it is as W and N fall from
that point.

This kind of local wage rigidity curve is shown in Figure 8-12. There
P< - y{Nyis the usual supply curve. As demand increases # and N rise to an
equilibrium point like W;, Ny. If demand falls from that level, W and N
will fall along spsp, not along P¢- g(N), due to rigid wages in some local
markets. If demand rises beyond W, Ny, ¥ and N increase along P° - g(N)
to the new equilibrium, say, W;, N,, establishing a new. higher, rigid wage.
If demand then falls from W, N, it falls along s,s,, not along P - g(N).
Thus, as demand expands, an ss curve is established at each equilibrium
point, replacing the supply curve P° - g(N) below that point. When demand
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does fall, then, Literal involuntary unemployment appears (or increases)i
the markets with rigid wage rates.
Another feature of this kind of partial local-wage-rigidity model
& interesting. Suppose demand shifts from a product that is manufacture
1n nigid-wage market J, fo any other product {since all markets are assnme
to have upward-flexible wages) manufactured 1n, say, market j, withn
dropm real d d. Then, in the rigid-wage market N; %l &2
but 1¥; won't. But m the other market j, both N, and W will rise, andsino
W, rises, N; will probably rise less than ¥, fell Thus, the demand shift wodh
raise average IV and reduce total employ while maintaining the sun
fevel of apgregate demand. As long as all markets have upward-fexit!
wage rates, but some have downward-ngid wages, as demand continul
shifts there may be a bras toward both wage and unemployment increase

Summary: An Eclectic View of Unemployment

in an economy operating at fairty Righ fevels of resource uniizanon, o
employment can be explained without appeal to wage rigidity, as the fis
part of this chapter showed. With the labor market in equilibrium in
sense that demand and supply are equal, there will be search unemploymes
with a rotating stock of workers unemployed and Jooking for work. At
point 1n time the voluntanly unemployed job-seckers can be consider
to be above the going wage on their supply ¢ .ves. The general Keynese
model explains how changes in demand conditions alter this Tesel 0
unemployment. N
While this explanation of pl might be suffici
when the economy is operating at high levels of emplayment, it needs )4
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in cases of \Vldespread involuntary unemployment Here the hypothesis
that wages-are rigid in the downward direction in some local labor markets
seems more useful than a hypothesis that there is an economy-wide rigid
wage. The hypothesis of local wage rigidity can explain the appearance of
wide-spread involuntary unemployment as demand drops substantially. In
addition, combined with shifting industrial mix and immobility between
labor markets—due largely, in the cases of central cities, to racial discrimi-
nation—the hypothesis of local wage rigidity can explain the existence of
local high-unemployment areas in a generally full-employment economy.

Furthermore, as we suggest in Chapter 6, the existence of firms with
fixed-coefficients production functions will lead to layoffs as demand drops
and capital utilization falls off. Thus, a demand change in the short run
will change aggregate unemployment relative to the measured labor force,
because to some extent labor is supplied as a function of the money wage
instead of the real wage, to some extent because of local wage rigidities and

* to some extent because of fixed coefficients of production.
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Monetary, Fiscal, and Incomes

Palicy in the Static Model

In Chapter 7 we jommed the demand side of the economy, developed i
Chapters 4 and 5, with the supply side, developed in Chapter 6, to study
general equilibrium determumnation of the key variables y, P, r, and N
the short run Then 1n Chapter 8 we looked at the causes of unemploymest
in the model of Chapter 7. Now we turn to the analysis of aggregate demand
and supply policy in the basic static model.

In this chapter we return to the 1ssues of Chapter 5 Suppose the goven-
ment, 1n 1ts wisdom, decides that the existing equilibrium levels of y, P, r, and
N are not satisfactory. For example, suppose the level of output and employ-
ment ytelds an unemployment rate of 9 percent as i mid-1975. Or the
problem could be an excess demand gap caused by an upward shift in the
supply curve, analyzed in Chapter 6, that 1s pulling the price level up (k.
infiation). The instruments the government has to deal with these problens
are monetary policv, fiscal policy, and perhaps wcomes policy.

Monetary policy changes in the money supply A7 and fiscal poligy
changes m government purchases ¢ or the tax schedule  operate to skt
the aggregate demand curve, as we saw 1n Chapier 5. Incomes policy attemps
to shult the aggregate supply curve by shifting labor supply vertically; 1
changes the nominal wage rate W demanded by the labor force 1o suppy
any gien amount of labor N, given the price level Pg. Incomes pohey 8
generally used to slow down the rate of price increasc in a situation \\hﬂ‘f
the labor supply curve 1s shifting up due to workers expectations of re2
wage ncreases. Dynamic aspects of incomes policy will be discussed o
Chapter 17 of Part IV, here we include it 1n the static model as a shift:
the labor supply curve, - .

In most of Part 11, we take policy instruments such as A orgasgl |
positioning the relevant demand or supply curves, and then solve for =
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equilibrium values of our key variables. Then. in Chapters 5 and 9 we study
the effects on these key variables of changes in the policy instruments. This
procedure is inverted in the formal study of the theory of cconomic policy.
There the desired values for the key endogenous variables y, P, r, and N
are given as the policy targets. The basic static model is then inverted to
solve for the values of the policy instruments M, g. t. and = {where % is an
incomes policy instrument that shifts the labor force’s price-expectations
function, P® = p(P,x)). Thus where we generally take 37, g, 1. and =z as given
(2 generally = 0) and solve for y, P, r, and N, the theory of policy would
solve the model the other way round to get values for the policy instruments
necessary to hit the desired policy targets. A full discussion of the theory
of policy would take too much time to develop here, but the student who
has followed the analysis carefully to this point should be able 10 see how
the 4-equation system of Chapter 7, repeated below, can be inverted to
solve for desired instrument settings, given policy targets.

Monetary and Fiscal Policy in the Static Model

On the demand side of the economy, the equilibrium conditions for the
product market.

IS:v=c¢(y — (v)) + i(r) + g. (1)

and for the money market,

LM: %g- = lr) + k(). (2)

are shown in the r. y space of Figure 9-1(a) as 145, and LM, . The investment
and saving functions and level of government purchases fix the position
of the IS curve. The demand for money function and the level of real balances
m = M/P fix the position of the LM curve. Varying the price level shifts
the LM curve in Figure 9-1(a), tracing out the demand curve DyDy, in Figure
942.

On the supply side we have the labor market equilibrium conditiou
developed in Chapter 6,

P-fiN)=P-g(N)=p(P)-g(N): O<p <L (3)

shown in Figure 9-1(b). This gives equilibrium employment N as a function
of the price level. Employment is translated into output y by the production
function,

vy = N:K). 4)

Changes in P shift both the demand and supply curves in Figure 9-1(b),
changing equilibrium employment N. This, in turn, changes qquxhbnum
output on the supply side through the production function, tracing out the
supply curve SoSq of Figure 9-2. Thus, the IS and LA equations give us a
demand relationship between P and ). and the labor market equation and
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Figure 9-1
Equilibrium in the static
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the production function give us a supply relationship between the same
two variables. On the most aggregate Jevel we have two equations in 13
two unknowns, P and y, shown in Figure 9-2. The solution to thosc tae
equations—the intersection of the demand and supply curves of Figuz
9-2—is equilibrium Py, yo, Which we can irace back to W, N, in Figue
9-1(b) and ry, ¥ 1n Figure 9-1(a).

THE EFFECTS OF A FISCAL POLICY STIMULUS
In the mitial equlibrium position employment is at N, in Figure -1t}
o irieal tud, :

ppose the p is made that unemployment Ny — No B
excessive; so government purchases g are increased by dg to increase eor
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Figure 9-2
Supply and demand with
an increase in g.

ployment. This shifts the IS curve up to IS, in Figure 9-1{a). The increased
government purchases increase GNP directly, and, through the multiplier
process, increase GNP indirectly by increasing consumption. At the initial
price level Py and interest rate r,, equilibrium output on the demand side
would rise to y; in Figure 9-1(a). The ratio of y; — 1, to dg is given by the
simple g multiplier of Chapter 3, 1/[1 — ¢(1 — r'}], which assumes invest-
ment, and thus implicitly the interest rate, is fixed.

But the increase in output, even with the price level unchanged, will
increase the demand for money. raising the interest rate along LyAf, and
reducing investment demand. This partially offsets the g increase, so that
at the initial price level, equilibrium output on the demand side would rise
to y, in Figures 9-1(a) and 9-2, with the interest rate rising to r,. Thus, the
g increase has shifted the demand curve to DD, in Figure 9-2, creating
excess demand y, — y, in the economy. At the initial price level Py, con-
sumers, businesses, and government would demand y, output, but producers
are supplying only v,, so prices rise.

On the demand side of the economy, the price increase tightens the
money market by increasing the demand for money M or, what is the same
thing, reducing the supply of real balances m. This shifts the LM curve up
toward L M, in Figure 9-1(a), reducing equilibrium output demanded from
y, along the new demand curve D, D, in Figure 9-2. Again, the reader should
notice that the price increase reduces equilibrium output demanded
indirectly; it tightens the money market, raising r and reducing investment.

On the supply side, the price increase raises the demand for labor, shifting
the demand curve in Figure 9-1(b) up toward P, - f(N). It also shifts the
labor supply curve up toward P -g(N), but if p’ <1 the supply shift is
smaller than the demand shift, so equilibrium employment increases from
N, toward N;. This is represented in Figure 9-2 by & movement along
the supply curve S,S, from y, toward y;.

The price increase continues until excess demand has been eliminated
at P,,y; in Figure 9-2. Employment rises to N3 and the money wage rises
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to Wi. The real wage rate is reduced somewhat, but if the elasticity of da-
mand for labor was greater than one at the initial equilibrium point, rey
labor income rises. Presumably this was the point of the g increase in the
first place. )

The interest rate rises from r, to ry following the g increase. The increas
in government spending is partially offset by an increase in tax revenu
as both P and y rise, but the government has to increase its borrowing n
the bond market somewhat to finance the increase in its deficit. This i.
creased supply of bonds reduces bond prices and raises yields, giving th
bond market counterpart to the money market increase in r. The r increase
reduces mvestment demand with i = i(r), but by less than the initial gir
crease, so that on balance the g increase directly induces an increase n
expenduture, rawsing y from yg to ¥a.

A permanent tax cut would have much the same effect as the g increass,

ing that react by spending a large fraction of the increass

in disposable income. The tax cut would shift the IS curve and demand cune
out, rassing the price level and the interest rate. Employment and outpat
would rise, and the tax cut would yield the same y increase as the alternative
dg mcrease if tax rates are reduced by an amount that gives a policy-induced
consumer expenditure increase—c’y d, equal to dy.

The difference between a tax cut and a g increase, as usual, is in the
composition of final output. The tax cut favors increased consumer spending,
while the g increase favors increased output of public goods.

THE EFFECTS OF A MONEY SUPPLY INCREASE

Instead of a fiscal policy stimulus through a government purchases increase
or a tax cut, employment could be raised from the initial level N, by tke
monetary policy stumulus of an increase in #7. Putting aside the problemd
the certamty of results, discussed 1n Chapter 5, a desired increase in equ-
librium output and employment can be achieved with an A change equiva-
lent 10 the necessary g change if fiscal policy were 1o be used. The differenct
in outcomes will be in the composition of final output. An M increase pushes
down interest rates, stimulating investment, whereas the fiscal policy stimul
either gor pending directly raises interest rates.

The effects of a money supply merease are shown in Figures 9-3 and
9-4. Figures 9-3(b) and 9-4 are exactly the same as Figures 9-1(b) and 91
the only difference between the analyses of a g increase and an M increast
lies in the origin of the demand shift in Figure 9-3(a).

The increase in the money supply shifts the LM curve from LMo 10
L, M, in Figure 9-3(a) At the mitial income level . the interest rate would
be pushed down to r, by the appearance of excess supply in the money mar
ket. This drop in the interest rate would stimulate investment demand, i
creasing equilibrium demand-side y, This, in turn, would increase the demasd
for money, pulling the interest rate back up again. At the initial price l:jﬂ
Po, equilibrium demand-side output after the A increase would be y, will
the interest rate at r,. This is shown 1n Figure 9-4, where the money supply
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wncrease has shifted the demand curve out and created excess demand y, ¥
mn the economy. In equitibrium with P = Py, consumers, business, and
government would purchase ), level of output, but producers are stilf
supplying only ¥4, employing N, man-hours.

The excess demand raises the price level in Figure 94 toward P,. Oy
the demand side of the economy, the price level increase tightens the money
market, shifting LM back up toward L, M. This brings an increase in r and
a drop 1n equilibrium demand-side output toward y,. In Figure 9.4, equi-
librrum cutput on the demand side falls along the new demand curve, D,D,
toward y;3.

On the supply side, the situation is exactly the same as with the increase
in g. The price increase shifts the labor demand curve up toward P, - f{A}
and the labor supply curve up toward P,° - g(N). The latter supply shilt is
smaller than the demand shift by hypothesis, so employment rises toward
N;. In Figure 9-4, the employ 1S rep dbya
of equilibrium supply-side output up the supply curve S,S, from y, toward
3

The price level stops nising when the excess demand gap has been elmi- -
nated at P,, y5 1n Figure 9-4 Employment has risen to N in Figure 9-3{b).
The mterest rate first fell from ro tor, in Figure 9-3(a) under the initial mone-
tary stimulus, and then rose back to ry, still below the initial ry. With ¢
constant, and § higher due to the drop in r from rq to r,, output and income
have risen and consumer expenditure, with tax rates unchanged, has risen
endogenously. Agamn, the difference between equivalent doses of monstary
or fiscal policy stimul is in the position of final output. -

Fiscal and Monetary Multipliers in the Static Model

In Chapter 5 we developed multipliers giving the effects of changes in the
monetary and fiscal pclicy mstruments—§7, g, and tax rates t—on equilib-
rium output under the assumption that the price level was fixed. This was
equivalent to assuming that the supply curve of Figure 95 is horizontal hke
the dashed line at P,. Then with a shift in the demand curve from DoDy to
D, D,, induced by a change in a policy instrument, the y; — ¥, increase in
y is given by the change 1 the policy variable times the relevant Chapter §
multiplier.

But if the supply curve is positively sloped, like S,S, in Figure 9-5. b
same policy change would raisc equilibrium output to only y,, an increas
of y; — yo. Thus, introduction of the supply side and a price response 0
changes in demand conditions reduces the size of the multiplier.

Two general points should be noted about the modification of the
Chapter 5 multipliers needed to extend them to the complete model. First
the fiscal and y policy ipliers apply to situations in which
changes in policy variables shift the demand curve, and price and incom¢
adjust along the supply curve, for example, from P, y, 10 Py, y% in Figurt
9-5. This mca\ns that the change in the Chapter § multipliers needed to allo®
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for price change along the supply curve will involve the slope of the supply
curve, particularly in the form of dP/dy—the change in P needed to restore
equilibrium on the supply side. An expression for

dP
dy s
-—the slope of the supply curve—was developed in Chapter 6 as
dpP 1 g-r
| L 5
dyls~ 3 w-(—p) ©)
oN

. . . aP

For convenierice we will use U;

The change in price along the supply curve will then enter the multiplier

expression through its effect in the money market on interest rates and then

on investment. This is shown graphically by the secondary shift in the LM

curves of Figures 9-1(a) and 9-3(a). So the price change enters the multiplier
through the following chain:

dP

dy

to represent this expression.
S

— Ar— Ai  (Endogenous investment change).
s -

The second point is that, as we suggested in the previous section, the
difference between the effects of the three aggregate-demand policy instru-
ments is in where the initial policy-induced expenditure stimulus appears.
Once the excess demand is created, for example y; — ¥, in Figures 9-2 and
9-3, the adjustment of the model through the price mechanism is the same
in all cases. This means that, as"in Chapter 5, the multipliers here should
all contain the same price adjustment terms shown in the chain above, ap-
pearing in the denominator of the multipliers. The differences, again,. will
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be in the policy-induced expenditure terms in the numerators of the
multiphers.

In the following subsections we will first_develap the multiplier fo,
changes m government purchases. It is the simplest because the policy,
induced expenditure change is simply dg. The tax and A multipliers any
more complicated because they depend on the private sector to provide thy
direct expenditure change. These multipliers have the same d:nomin:na;
as the g multiplier, so we can simplify the analysis all around by focujing
on the g multiplier first.

THE MULTIPLIER FOR CHANGES IN
GOVERNMENT PURCHASES

As usual, to derive the expression for the equilibrium multiplier for thy
1mpact of changes in g on y, we totally diffe iate the set of equation;
giving the equilibrinm values of y, N, P, and 7, set J381 =0, and solve for
dy/dg. While this could be simply a mechanical exercise, its value herz iy
hopefully that the way the multiplier is developed will add to our undir,
standing of how the parts of the static modet are linked together.

To begin with, we repeat the three market equilibrium conditions anq
the production functions, equations {1), {2), (3), and {4), for easy reference;

IS: y=oly —ny)) +il) +9;
LAf: g =m=l{r)+ A3
Production function: y=3(N;K);

Labor market: P - f{(N) = p(P)- g{N).
Differentiation of the product market {IS) equilibrium condition gives oy
dy=¢-(1 —0)dy +7dr+4dg. (6
The next step 1s to find an expression giving the change in r,dr, between
equilibria. From the money market (L) equation, allowing P to vary {aleng
the supply curve) but holding A7 constant, we obtain

M M . e
d(F)—— "ﬁ‘“”:' dr + K dy,

and solving for dr yields
N M
JEL. S N @
dr 7 dy P .l,dP )
as the expression for r changes keeping the money market in equilibrium 3
both 3 and P change. The first term in {7) gives the effect of a ) change &%
r along a given LAf curve; — &'/l is the slope of the LM curve holding f\f B
constant. The second term in (7) gives the efect of the P change, sh:f}m
LM, on r. A price level increase 4P shifts the LA curve up, and at any g1v2 |
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¥, so that for dy = 0, the r increase is given by dr = [ — M/(P? - I')]dP, which
1§ positive since I’ < Q. .

The next step is to replace dP in (7) by our expression for the slope of
the aggregate supply curve, which gives the price change needed to restore
equilibrium for a given change in y on the supply side. With P and y rising
along the supply curve of Figure 9-5, the increase in P is given by

dpP
dP = —
d .

- dy. 8
s ) (8)

]dy, )
s

for the change in r with a change in y. Again, the first term inside the brackets
gives the r change due to the y change, directly along the LM curve; the
second term gives the r change due to the P change needed to restore equi-
librium on the supply side.

In equation (9) we have replaced dP by a term in dy. We can substitute

(9) for dr into equation (6) to obtain
, , K M 4P
dy=¢c-(1-1r)dy—i [1, +P2-l’ I

and, for the g multiplier expression,

Substituting (8) into (7) for dP gives us

PR L
U TPl dy

]dy + dg,
S

I - dg. (10)

" dy = ' =
) , — [k M dP
1—-c-(1-t)+i —I-;~+-1§“"I—,—d-;
S

Since later multipliers will have the same denominator as (10), we will
simply designate the entire denominator as D, so that dy = (1/D) dg.

The multiplier of equation (10) differs from that of Chapter 5 only in
the final term in the denominator, which reduces the multiplier’s size—yg
moves 1o y, instead of y, in Figure 9-5. The term dP/dy gives the price in-
crease (shifting LM) between equilibria with a dg increase; multiplying that
by M/P? - I gives the effect of this LM shift on r, for example, ry — 13 in
Figure 9-1(a); multiplying again by i’ gives the endogenous effect on invest-
ment of including the supply side and price changes in the model.

Referring back to equation (5), which gives the expression for dP/dy
along the supply curve, we can recall in the classical case p" = 1; so that in
this case dP/dy = oo, that is, the supply curve is vertical. In that case, D in
(21) = oo and dy/dg = 0. Again, in the classical case, fiscal policy does not
affect the level of output. In the extreme Keynesian case, p’ =0 in equation
(5) for dP/dy, giving the slope of the supply curve its minimum value, and
maximizing the equilibrium multiplier dy/dg. Finally, if the economy is’
operating near full employment, where ¢, the slope of the labor supply
curve, approaches infinity, the slope of the aggregate supply curve will
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again become nearly vertical, and an increase in g will not change equilib.
rium y appreciably, but simply raise prices and interest rates, reducing
investment by as much as g increased. The reader is left to investigate for
himself the effects of setting other slopes in the multiplier expression in
equation (21) at their extreme values or introducing the eflects of wage
rigidities; we will move on to the tax multiplier.

THE MULTIPLIER FOR CHANGES IN TAX RATES

As in Chapter 5, here we will assume that the tax function is proportional,
t(y) = ty where 7 15 the fraction of national income, say, 20 percent, that
1s turned in as tax revenue. This will simplify calculation of the tax rate
multiplier without affecting the qualitative conclusions.
With the proportional tax schedule we can rewrite the IS equation as
y=ely—1+iln+g an
To calcuiate the tax rate muitiplier one can differentiate (1) to obtain
dy=¢-(dy—tdy — ydi)+i'dr
and
dy=c (1 ~ 9)dy —ydo+ i'dr.
The term - c'ydr gives the policy-induced effect of a tax rate change on
consumer expenditure. At the Initial level of income y, — ydr gives the change
in disposable income resulting directly from the tax rate change. lf tis
raised, disposable income is reduced. Then ¢’ times (— y d1) gives the amount
that this ch pendi
Aside from the substitution of — ¢’y dt for dg as the exogenous cxpendlzlure
change, the multiphers for g and f are exactly the same. We can substitute

the expression for dr given by (9) into the dy equation here, collect terms in
3, and obtain the tax rate multiplier

dy="lay, )
where, again, D is the d i of the g multiplier in (10). with 1 re-

pfacing r’,

THE MULTIPLIER FOR CHANGES IN THE MONEY SUPPLY

A change in the money supply A1, in our simple static model. affects the
level of output by changing investment demand through money market
effects on the interest rate. To obtain the policy-induced mvestment effect
that corresponds 1o the shift in the LA curve, we can differentiate the LM
equation
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to obtain
M dM
o dp+ g
P2 + P I'dr + E' dy
and
kK M dM
dr = ——dy — o _ il
r 7 dy T dP + T (13)

Th.e first two terms in (13) are the usual effects of changing income and
prices on the interest rate, developed earlier. The third term gives the in-
terest rate effect of the increase in M at the original price and income levels—
tk}e drop from ry to r, in Figure 9-3(a). At the original price level dM/P
gives the increase in the real money supply, and 1/I' times this gives the
drop in the interest rate needed to maintain short-run money market
equilibrium with a given P and ).

Expression (13) for dr with a money supply change can be substituted
into the IS differential to obtain

i _
7 & S]d) +};—F(1A’1

“The first two terms on the right-hand side of this expression for dy are the
same as those in the multiplier for dg. The last term gives the policy-induced
investment effect of the dM change. If dM/(P - I') gives the interest rate
effect at the initial income and price level, then i’ times this gives the effect
on investment at the initial income and price level. Collecting terms in dy
gives us the multiplier for M changes:

st

1

PT ‘

where /(P - I') translates the change in the money supply into an exogenous
investment effect. From there on, as we saw in Figures 9-3 and 9-4, the
muitiplier, 1/D, is the same as that for g and ¢ changes. The difference lies
in the source of the expansionary effect.
The multipliers developed in this section show how introduction of the
. supply side of the economy affects the y change that follows from any given
change in a policy variable. The reader should be able to confirm again our
earlier conclusions about the relative effectiveness of monetary and fiscal
policies in special situations by writing out the multipliers with D from
equation (10) written out in full. A little manipulation then should show, for
example, that in the liquidity-trap case where I' — o0, dy/dM = 0, and dy/dg
is just 1/[1 — c(1 — r’)] again since the price level change does not affect
the interest rate and thus generates no endogenous effect on investment.
The point here,though is that the multiplier expressions show how the parts
of the economy are interrelated. They point up both similarities and differ-
ences between the workings of the major macroeconomic policy variables,
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and they make explicit the way in which special assumptions—the classical
case with a vertical supply curve or the liquidity-trap—affect the Ikely
behavior of the economy.

Here we can point out an interesting long-run as opposed 1o short-rug
nterpretation of the labor supply function p(P) - g(N). As demand goes up
in the short run, employment expands along the a short-run labor supply
curve, with p’ close to zero, But as time passes, the price increase that fol-
lowed the d di 1s translated, at least partially, into wage de-
mands, shifting the labor supply function and the economy’s supply curve
up:in the longer run, p’ rises toward unity. This will lead to an inflation cycle
m which a price increase due to a demand increase {demand pull) leads to an
upward shift in the supply curve. bringing a further price increase (cost-push).
This interpretation provides a link to the discussion of inflation in Chapter 17,
which begins Part IV, on medium-term dynamics.

Incomes Policy in the Static Model

One clear mplication of vur analysis of monetary and fiscal policy is that
expanstonary aggregate demand policy will pull up the price level as a side
effect. This result has led policy makers to search for additional policy mstru-
ments that could shift the aggrepate supply curve, to eliminate the price
(inflationary) effects of movements in aggregate demand. The Council of
Economic Advisers” guideposts for wage and price behavior in 1962 were
an early example of incomes policy. {See Chapter 17 for an explicit analysis
of the guideposts).

During the 1974-1975 recession, in which a supply-side disturbance
caused the unhappy combination of rising prices and rising unemployment,
the search for an effective incomes poltcy that would shift the aggregate
supply curve down intensified in most countries. The United States had
tried wage and price controls in 1971-1973, and most European countries
had been tinkenng with incomes policies for decades. But the partially
supply-duced 1974-1975 recession brought incomes policy to the forefront
of macroeconomic policy.

Essentially, incomes policy is a euphemism for wage restraints. In ex-
change for a promse of less price increase later, the authorities ask the labor
force for less nominal wage increase now. In terms of our basic static model.
they ask the labor force for a downward shiflt in the labor’ supply cure,
through a decrease in price expectations P° given P. Most attempts at -
comes policy have been unsuccessful, because the promise of a future slow-
down in the rate of price increase has not been believed {and correctly so)
The Iailure of incomes policy due to rapid price mcrease 15 discussed 1
Chapter 17. :

Here we analyze incomes policy in the static model as a policy lhat_shlf‘s
the labor supply curve down. Ths translates into a downward shift in the
aggregate supply curve, and a dowmeard pressure on the price level, 1f the
policy began from an initial situation of excess demand disequilibrium,it
would be aimed at ing or slowing an ncipient inflation.
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AGGREGATE SUPPLY SHIFT

aggregate supply curve, is shown in Figures 9-6 and 9.7, There P< is reduced
from P§ to Pt directly by incomes policy. This would shift the labor supply
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Figure 9-7
Supply curve shift
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curve down at any imal price level Pq in Figure 9-6(a), increasing equilh
rium employment at the initial values of P, from Ny to Ny, This in ttw
increases equilibrium output supplied from y, to y, in Figure 9-6(b).

The increase in equilibnum output supplied at the initial price kvel Py,
1s shown as an outward shift in the aggregate supply curve in Figure -7
The objective of incomes policy is generally stated as shifting the sugh
curve down, but with the positively sloped SS we can interpret the it |
as down in terms of P, given y, or out in terms of y, given Po.

Incomes policies are usually tried during periods of excess demand
forestall tncipient price increases. Frequently an incomes policy is ?dd:d
to expansi 'y aggregate d d measures, to ehminate the inflatioss
| of d d expansion. For ple, both in 1962 and m 19

the economy was beginning to come out of recession, and monetary e
fiscal policy were being used to stimulate demand. In 1962 the Councl ¢
Economic Advisers published the wage-price guideposts as an attemp¥
shift the supply curve in order to get the expansionary effects on N !
without prices increasing. In 1971, the Administration applied a wagf“l“"]
freeze as an extreme measure to control inflation as demand was expand
The coupling of incomes policy with expansionary demand'pom‘
illustrated in Figure 9-8. An expansionary monetary or fiscal policy mm_’
as discussed earlier in this chapter, would shift the demand curve outt
D,D,. This would increase equilibrium output in the general l\_c)“m‘
model to y, but would also pull the price level up to P,. To eliminate &

i
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price increase, incomes policy could attempt to shift the supply curve out
to S,5,, taking the economy to the new equilibrium P, y,. The incomes
policy in this case would increase the change in equilibrium output while
holding the price constant. Clearly, if v, was the target for income, a smaller
dose of both policies could take the supply-demand intersection to Py, ¥;.

In the classical case, incomes policy would have effects somewhat different
from those in the general Keynesian model. In Figure 9-9 we show an excess
demand gap eliminated by the shift in the vertical classical supply curve.
At the initial price level Py, aggregate demand shifts to D D;. As we saw
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Conclusion to Part II

earlier, in the classical case-this would result in the price \evel risine I
P, with no change in output. To obtain a change in output, the \mbm‘
supply curve must shift; incomes policy is one way to do this. In Figure 0.9
it 15 1ncomes policy that moves equilibrium output, while demand policy
controls the price level. Thus, in the classical case, movements in aggresye
demand move the price level, and incomes policy offers one way to mn
equilibrium output.

In Part Il we have developed a skeletal model of the economy under varyiny
assumptions concerning the ways in which the parts of the economy interag.
We have focused on the most basic structure of the economy, using fhe
vanous multiplier expressions to analyze how the economy 1 interconnecta!,
rather than to give quantitative estimates of reaction coefficients. In pr
ticular, we have stressed that the size of the multipliers depends on onc
estimate of the values of the slopes of all of the functions involved, and
these estimates themselves vary with economic conditions.

Thus, the models of Part II give a sense of how the parts of the economy
are interconnected and in what direction the key variables (y, N, P, and
will change as the exogenous variables—particularly the tnstruments of
monetary, fiscal, and incomes policies—are changed. The equilibrium equ
tions do not tell us, however, how long an adjustment to a policy charg
takes, or what sequence it follows. To know this, we have to estimate ed7
pirically the equations of the model with the appropriate lags built in. Th
is one of the major ongoing tasks of economic research, and much of Paalll
is an investigation mto how this work is going.
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consumption and Consumer
EXpenditure

) differences. and differ'in their

In Part II, consumer expenditure is simply assumed to be a function of
income less taxes:
c=cly—ty) 0<c' <1, ()

where ¢ is real consumer expenditure, y is real income, and t(y) is the tax
function. This general formulation is sufficient for the qualitative analysis of
income determination introduced in Part II. We turn now to a closer ex-
amination of the nature of the consumption function.

The consumption function provides an excellent illustration of a typical
sequence in the development of knowledge in economics. This sequence
involved first a conceptual breakthrough by Keynes in 1936, after which it
was fairly. obvious that a key relationship in macroeconomic analysis for
some time to come would be the relationship between income and consumer
expenditure. The importance of this relationship should be clear from
Part I1. The second step in the sequence involved the development of statis-
tical information about consumer behavior and the relationships between
consumption, saving, and income. This work, reasonably complete by the end
of World War II, turned up an interesting and seemingly contradictory fact:
The ratio of consumer expenditure to income varies inversely with the level
of income both cyclicdlly and across families at any given time, but on
average this ratio does not tend to fall as income rises over a long period. The
next step in the sequence of research into the consumption function was the
development of morerigorous and elaborate theories which could explain the
facts. Three different theories were suggested by Duesenberry in 1949,
Friedman in 1957, and 4 series of papers by Ando, Brumberg, and Modigliani -
beginning in the early 19505/./These theories have their similarities and

implications for stabilization_policy: The most
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testing of the theories and the . ly
functions in econometric models of the economy.

This chapter traces that sequence. After we look at the background and
the facts as they were known around 1945, we develop the microeconome
basis for the consumption function. Then we study the three theores of
consumer behavior. Here the distinctions between labor and property in-
come, current and permanent income, and consumption and consumer
expenditure will be met. The next section discusses an interpretation of a
consumption function derived from a disequilibrium situation with wage
and price rigidity. This interpretation improves our understanding of the
short-run dynamics of the multiplier. Then, returning to the equilibrium
framework, we present current smpirical work on the consumption function,
especially concerning the lag of consumer expenditure behind changes in
income, The last two section$ of the chapter draw the implications of the
theoretical and empirical work, first for the operation of the static model
of Chapter 9, and second for economic policy.

recent step in this sequence which b?gan in the md-1930s is further statistical
Sl statistical > o n

P

Background: Cross Sections, Cycles, and Trends

W

Consumer expenditure runs about 65 percent of GNP in the US.; so any
analysis of the factors determining the level of GNP must be concerned with
consumer expenditure at some point Analytically, in 1936 Keynes made the
consumption function the basic element in the income-expenditure approach *
to the determination of national income. We have seen in Part II that the
consumption function is the principal building block n multiplier analysis
“The short-run consumption function that Keynes introduced is shownin
Figure 10-1, which plots real consumer expenditure ¢, against real income y
This function reflects the observation that as mcomes increase people tend
to spend a decreasing percentage of income, or conversely tend to save a
increasing percentage of income. The slope of a line from the origin to a point

on the consumption function giveSThE average propensily. to consume (APCH
oF the ¢/v ratio at that point, The slopg GTThe consumption function wsells
the marginal propensity to consume (MPC). Using the notation of Part II,

C = (¥ MPC= c. From the graph 1t should be clear that the margina

propensity to consume is tzss than the average propensity to consume, If the
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ratio ¢/ v falls as income rises. the ratio of the increment to ¢ to the increment
to 1, ¢’, must be smaller than ¢/y. Kevnes saw this as the behavior of consumer
expenditure in the short run—over the duration of a business cycle—
reasoning that as income falls relative to recent levels, pcople will protect
consumption standards by not cutting consumption proportionally to the
drop in income, and conversely as income rises, consumption will not rise
proportionally.

The same kind of reasoning can also be apphed to cross-section budget
studies. Given a social standard of consumpt:on one would expect the
proportlon of income saved to rise as income rises. In the Jate 1930s cross-
section budget studies were examined to see if Keynes' assumption that

“rich people save proportionally more” wgs_ Vborne: out. In general, these
budget studies seemed to verily the theory. ‘

Acceptance of the theory that MPC < APC, so that as income rises ¢/y
falls, led to the formation of the stagnation thesis around 1940. It was observed
that if consumption follows this pattern, the ratio of consumption demand to
income would decrease as income grew. The problem for fiscal policy that
the stagnation thesis poses can be seen as follows. If

1

i
y=c+i+g, or 1=~+T+
y v

-

is the condition for equilibrium growth of real output y, and there is no reason
to assume that ify will rise as the economy grows, then g/y must increase to
balance the ¢/y drop to maintain full-employment demand as y grows. In
other words, unless government spending increases at a faster rate than
income, the economy would not grow but would stagnate.

During World War 11, as government puichases soared, the economy
did expand rapidly. However, many. economists, following the stagnation
thesis, feared that when the war ended and government spending was reduced,
the economy would plunge back into depression. Yet precisely the opposite
‘occurred. Private demand increased sharply when the war ended, causing an
inflation rather than recession. Why did this happen? One plausible explana-
tion is that during the war people had earned large increases in income Hut
consumer expenditure was curbed by rationing. Consumers put their excess
funds, the savings “forced” by rationing, into liquid assets in the form of
government bonds. When the war ended, people had an excess stock of
liquid assets that they converted into increased consumption demand. This
phenomenon suggested that assets, as well as level of income, have something
to do with consumption. In other words, for a given level of income, con-
sumption may also be a function of assets or wealth. g
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ratio c/y falls as income rises, the ratio of the increment to ¢ to the increment
to y, ¢, must be smaller than c/y. Keynes saw this as the behavior of consumer
expenditure in the short run—over the duration of a business cycle—
reasonmg_that as income falls relative to recent levels, people will protect
consumption standards by not cutting consumption proportionally to the
drop in income, and conversely as income rises, consumption will not rise
proportionally.
Ip_¢ sameMreasoning can also be applied to cross-section budget
studles.'TCﬂxven.a.l social stafidard “of consumption, one would expect the
“proportion of income saved to rise as income rises. In the late 1930s cross-
section budget studies were examined to see if Keynes assumption that
“rich people save proportionally more” was borne out. In general, these
budget studies seemed to vérily the theory. =~~~ T
Acceptance of the theory that MPC < APC, so that as income rises ¢/y
falls, led to the formation of the stagnation thesis around 1940. It was observed
that if consumption follows this pattern, the ratio of consumption demand to
income would decrease as income grew. The problem for fiscal policy that
the stagnation thesis poses can be seen as follows. If

. c i g
y=c+i+g, or 1=;+;+;,
is the condition for equilibrium growth of real output y, and there is no reason
to assume that ify will rise as the economy grows, then g/y must increase to
balance the ¢/y drop to maintain full-employment demand as y grows. In
other words, unless government spending increases at a faster rate than
income, the economy would not grow but would stagnate.

During World War 11, as government puichases soared, the economy
did expand rapidly. However, many economists, following the stagnation
thesis, feared that when the war ended and government spending was reduced,
the economy would plunge back into depression. Yet precisely the opposite
‘occurred. Private demand increased sharply when the war ended, causing an
inflation rather than recession. Why did this happen? One plausible explana-
tion is that during the war people had earned large increases in income but
consumer expenditure was curbed by rationing. Consumers put their excess
funds, the savings “forced” by rationing, into liquid assets in the form of
government bonds. When the war ended, people had an excess stock of
liquid assets that they converted into increased consumption demand. This
phenomenon suggested that assets, as well as level of income, have something
to do with consumption. In other words, for a given level of income, con-

sumption may also be a function of assets or wealth. . ]
- ?—- “In 1946 Simon Kuznets published a study of consumption and saving
- ‘behavior dating back to the Civil War. Kuznets’ data pointed out two
important things about consumption behavior. First, it appeared that on
average over the long run the ratio of consumer expenditure to income, c/y
or APC, showed no downward trend, so the marginal propensity to con-
sume equaled the average propensity to consume as income grew along trend.
This meant that along trend the ¢ = ¢(y) function was a straight line passing
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recent step 1n this sequence which began in the mid-1930s is further statistica
1esung of the theores and the inclusion of statistically estimated consumpticn
fanctions m econometric models of the economy.

Thus chapter traces that sequence. After we look at the background and
the facts as they were hnown around 1945, we develop the microeconomis
basss for the consumption function. Then we study the three theerizs of
consumer behavior, Here the distinctions between labor and property in.
come, current and permanent income, and consumption and consumer
expenditurs will be met. The next section discusses an interpretation of 3
consumption function demved from a disequilibrium situation with wage
and price ngdity This mterpretation improves our understanding of the
short-run dynamics of the multiplier. Then, returning to the equilidrium
framew ork, we present current smpirical work on the consumption function,
especially concermng the lag of consumer expenditure behind changss in
mncome The last tro sectrons of the chapter draw the implicaticns of the
theoretical and empinical work, first for the operation of the static modd
of Chapter 9. and second for economc policy.

Background: Cross Sections, Cycles, and Trends

Consumer expenditure runs about 65 percent of GNP in the US.:s0 any
analyss of the factors determining the level of GNP must be concerned with
consumer expenditure at some point. Analytically, in 1936 Keynes made the
consumption function the basic element in the income-expenditure approack
to the determination of nattonal income. We have seen in Part 1 that the
y consumption function 1s the principal building block in multiplier analysic
= ‘The short-run consumption function that Keynes introduced is shown in
Figure 10-1, which plots real consumer expenditure ¢, against real income y.
Ths function reflects the observation that as incomes increase people tend
10 spend a decreasmg percentage of meome, or conversely tend to save an

increasmg percentage of income The slope of a line from the origin toa point

on the consumption functton ex SSThe arerage propensity. to consume (APCL,

“orthe ¢y ratio at that point The slope 6T The consumption functron itself1s

N lﬁ;mmm%lgﬂwg.\l PC). Using the notation of Part 11,
=TT MPCE ¢, From the graph it should be clear that the marginal

propensity to consume 1s less than the average propensity to consume. If the

Figure 10-3
Keynes' consumption
I
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ratio ?/y falls as income rises, the ratio of the increment to ¢ to the increment
toy, ¢, must bp smaller than c¢/y. Keynes saw this as the behavior of consumer
expenquure n the short run—over the duration of a business cycle—
reasonmg_that as income falls relative to recent levels, people will p-rotect
consumption standards by not cutting consumption proportionally to the
drop in Income, and conversely as income rises, consumption will ot rise
proportionally.
The same kind of reasoning can also be applied to cross-section budget
studies. _Givmm—sﬁﬁdéfa“bf ‘consumption, one would expect ghe
! proportion of income saved to rise as income rises. In the late 1930s cross-
section budget studies were examined to se¢ if Keynes assumption that
“nich people save proportionally more” was borne out. In general, these
budget studies seemed to verily the theory. =~
Acceptance of the theory that MPC < APC, so that as income rises ¢/y
falls, led to the formation of the stagnation thesis around 1940. It was observed
that if consumption follows this pattern, the ratio of consumption demand to
income would decrease as income grew. The problem for fiscal policy that
the stagnation thesis poses can be seen as follows. If

y=c+i+g, or I=

o

i
+-+
¥

-

is the condition for equilibrium growth of real output y, and there is no reason
to assume that ify will rise as the economy grows, then g/) must increase to
balance the ¢/y drop to maintain full-employment demand as y grows. In
other words, unless government spending increases at a faster rate than
income, the economy would not grow but would stagnate.
During World War 1], as government puichases soared. the economy
did expand rapidly. However, many economists, following the stagnation
thesis, feared that when the war ended and government spending was reduced,
the economy would plunge back into depression. Yet precisely the opposite
‘occurred. Private demand increased sharply when the war ended, causing an
inflation rather than recession. Why did this happen? One plausible explana-
tion is that during the war people had earned large increases in income but
consumer expenditure was curbed by rationing. Consumers put their excess
funds, the savings “forced” by rationing, into liquid assets in the form of
government bonds. When the war ended, people had an excess stock qf
liquid assets that they converted into increased consumption demand. This
phenomenon suggested that assets, as well as level of income, have something
to do with consumption. In other words, for a given level of income, con-
sumption may also be a function of assets or wealth. _ .
- "2 In 1946 Simon Kuznets published a study of consumption and saving
= "behavior dating back to the Civil War. Kuznets’ data pointed out two
important things about consumption behavior. First, it appeared that on
average over the long run the ratio of consumer exp_endlture to income, c/y
or APC, showed no downward trend, so the rnar_gmal propensity to con-
sume equaled the average propensity to consume as IncCome grew a_iong trepd.
This meant that along trend the ¢ = ¢(y) function was a straight line passing
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Figure 10-2
Long-run and short-run
consumption funchons

SECTORAL DEMAND FUNCTIONS AND EXTENSIONS OF THE STATIC MopeL

¢ ‘Long-runfunchon MPC = APC

Short-run function. .
MPC < APC

through the origin, as shown i Figure 10-2. Second, Kuznets' study suggested
that years when the ¢/y ratio was below the long-run average occurred during
boom periods, and years with ¢/s above the average occurred during perjods
of economic slump

This meant that the ¢/y ratio vaned inversely with income during cycfical
fluctuations, so that for the short pertod corresponding to a business cycle
empurical studies would show consumption as a function of income to have a
slope like that of the short-run functions of Figure 10-2 rather than the long-
run function

Thus by the late 1940s it was clear that there were three observed phe-
nomena which a theory of consumption must account for.

1. Cross-sectional budget studies show s/y increasing as y rises, so that in

cross sections of tre jg)g(am?zﬁ.—_g—)—-‘ T

. Bustness cycle; or short-run, data show that the ¢/y ratio is smaller than
average duning boom periods and greater than average during slumps,
so that i the short run, as income fluctuates, MPC < APC.

3. Long-run trend data show no tendency for the ¢/y ratio to change over

the long run, so that as income grows along trend, MPC = APC.

»

In addtion, a theory of consumption should be able to explain the apparent
effect of hquid assets on consumption that was observed after World War I,

Three Theories of the Consumption Function

The theories that were developed by Duesenberry, Friedman, and Modigliant

et al. to explat these phenomena all have a basic foundation in the micro-

economic theory of consumer choice. In particular, both Friedman and

Modigliani begin with the explicit common assumption that observed con-

sumer behavior 1s the result of an attempt by rational consumers to maximize

utility by allocating a hfetime stream of earnings to an optimum lifetime
~
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pattern of consumption. So we can begin a discussion of these theories at their
common point pf. departure in the theory of consumer behavior, and then
follow them individually as they diverge.

ONSUMPTION AND THE PRESENT VALUE OF INCOME

Alqng vyith Fl:iedman, Modigliani, and before them. Irving Fisher, we can
egin with a single consumer with a utility function

U=U(Co,...,C,,...,CT), (2)

where lifetime utility U is a function of his real consumption ¢ in all time
periods up to T, the instant before he dies. The consumer will try to maximize
his utility, that is obtain the highest level of utility, subject to the constraint
that the present value of his total consumption in life cannot exceed the
present value of his total income in life; that is,

L LI
%a 1y =§(1 T @)

where T is the individual's expected lifetimé Thenotion of present dis-
counted value is discussed in Chapter 4. pp.-52-5 #This constraint says that
the’ consumer can allocate his income stream to a~eonsumption stream by
borrowing and lending. but the present value of consumption is limited by
the present value of income. For this restriction to hold as a strict equality, we
assume that if the person receives an inheritance, he passes on a bequest
of an equal amount.

We thus have an individual with an expected stream of lifetime income
who will want to spread that income over a consumption pattern in an
optimum way. We might imagine that his expected income stream begins and
ends low, with a rise in midlife, and he wants to smooth it out into a more
even consumption stream

To formulate this probfem in a workable manner. let us consider a two-
period case in which the individual has an income stream o, Jy, and wants to
maximize U(c,, ¢,) subject to the borrowing-lending constraint

€y " 13!
—_—= ) .
1+r "% 1+r

C0+

-In Figure 10-3 the income stream y,, ¥, locates the point A. This point
shows the amount of income the individual will earn in period 0. yo. and the
amount of income he will earn in period 1,y,. We assume that he can either

’ lend or borrow money at the interest rate r. Thus, if his income in period O is
greater than the value of goods and services he wants to consume 1n that
- period he can lend, that is, save, his unspent income:

So = Yo — Co = money lent in period 0. (4)
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By lending this amount he will recenve 1n period 1 an amount equal to
soll + r). 50 that his consumption 1 period 1 can exceed his income by that
amount, which 1s his pertod 1 dissaving, sy

sp= —(L+rlse=31— - )

The minus sign enters equation {5) because thegdissaving in period 1 is of
the opposite sign to the saving m pertod 0, and cp > y,. Dividing the expres-
sion for s, by that for s, yelds the trade-off between present and future
consumption,

si_ _Sll+n_3i—0

. (6
So So Yo —Co

From the nght-hand equahty in (6). by cancelling the s,'s and multiplying
through by (34 — o) e obtain

yi=e=—(l+ 35— o (4]

Thus says that by reducing consumption in period 0 below income by the
amount $g = ¥ — Co. the consumer can enjoy n period 1 consumption in
excess of meome. ¢, ~ v,, by the amount (1 + ris,. In other words, the
consumer can trade from a yo. v, mcome point in Figure 10-3 to @ 0.0y
consumption point along a budget constraint that has a slope of ~(1 + 7k

Another way to construct this budget line is to suppose that the individual
wants to consume 100 percent of his mcome stream in period 0, by borrowing
agawnst his period 1 income The maximum amount he can consume in
pertod Owillthenbe 3o + yy/(1 + r), which is the intercept of the budget line
on the pefiod 0 axis Conversely, 1f he decides that he will consume nothing
in period 0, putting off all consumption untit period 1, the maximum he can
consume 1n period 1 will be y; + (1 + r)y,, which is the intercept of the
budget line on the pertod 1 axis. Thus the budget line in Figure 10-3 bounds
the consumption possibilities open to the individual with an income stream
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Figure 104

Two-period consumption
case: utility maximization
added.

ég,g\}e {izxrg%dznetlg:gest rate r. His consumption point Cg.€; cannot be

‘Fr_om the individual’s utility function U = Ulcg. ;). we can obtain a set

of lrgd.lt’ference Curves that show the points at which he is indifferent betwcecn

addmona]'con_sumption in period 1 or period 0 at each level of utility. These
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Now, as pointed out above, all points on or below the budget line in
Figure 10-4 are attainable. That is, the individual may consume at any level
in either period up to the budget constraint. In order to maximize utility he
will consume at a point on the budget line where it is just tangent to an
indifference curve, such as point B in Figure 10-4. At point B, the individual’s
consumption pattern is ¢y.c,. Since his income flow is skewed toward period
1(y; is much greater than y,), he borrows ¢, — yg in period O at interest rate r:
In period 1, he pays back y; — ¢; = (1 + r)(co — ¥o). The consumer’s pattern
of consumption;-including present consumption ¢, is determined by the
position of his budget line and the shape of his indifference curves.

The position of the budget line in Figure 10-4 is determined by two
variables—the income in each period and the interest rate. This can be seen
by noting that point A on the budget line has coordinates ( yo, y1), the value of
income in each period. The slope of the budget line, —(1 + r), is determined
by the interest rate. If the consumer’s income should increase in any period.

- the present value (PV) of his income stream will increase since point A

would move horizontally or vertically, moving the period 0 intercept and the
budget line out with an unchanged slope. Thus, any increase in income will
shift the budget line up parallel to the old budget line. This will make it
possible for the consumer to reach a new. higher level of utility at a new co, ¢y

point.
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1f consumption 1s not in any period an inferior good, that is, one with a

negative income effect, then whenever any period’s incomeises, all periods”

1ons nse, For ple, an i m y, in Figure 104, shifting

the budget line up, would raise both co and ¢,. The level of present con-
sumption fises with a nise 1n future (expected) income.

One implication of this analysis 15 that current period consumption will
vary less than does income. In the two-period case of Figure 10-4, an increase
1n 3o would be spread across an increase in both ¢, and ¢,. The change in ¢,
would equal that m y, only if pomnt B moved directly to the right with the y,
mcrease If we extend the analysis to many periods, say, 25 years, spreadmg
a yo wcrease over 25 years of consumption increments would give a ¢,
increase that 1s very small relative to the y, increase. If, for example, the
consumer allocates his mcome to equal consumption in each of 25 years-—in
the two-period case this would put pont B of Figure 104 on a 45° line from
the ongin, so that ¢o = ¢,—the ¢, increment would be only 4 percent (=)
of the vy Increment.

The relauonship between the present value of the income stream and
current consumption from Figure 10-4 gives us the first general formulation
of the consumption function,

¢ =f(PV); f' >0, ®)

where PV, the present value of current and future income at time ¢, is

5 !
L

This says sumply that an individual’s consumption in time £ is an increasing
function of the present value of his income in time .

Both Ando-Modiglian1 and Friedman begin their analyses of the con-
sumption function with the general form of the function given in equation (8).
Their analyses differ 1n the treatment of the P¥ term, especially in how they
relate this to observable economic variables for the statistical testing of
their hypotheses. We first discuss the approach of Ando and Modighani,
and then that of Friedman We will compare the results from these two
approaches before discussing Duesenberry’s analysis.

THE ANDO-MODIGLIANI APPROACH:
THE WEE-CYCLE HYPOTHESIS
To explain the three observed ion function relationships d d

earlier in this cw; and Modighani postulate a life-cy cle hypothesis

of consumptionfAccor to this hypothesis, the typical individual has an
income stream which is relatively low at the beginning and end of his life,
rhe? hus productivity 15 low, and high during the middle of his life. This

typical” income stream is shown as the y curve m Figure 10-5, where T &5
expected hifetime,

On the other hand, the individial might be expected to maintain 2
more-or-less constant, or perhaps shightly increasing, level of consumption,
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Figure 10-5
“Life-cycle” hypothesis of
consumption.

Dollars

shown as {hc ¢ line in Figure 10-5, throughout his life. The constraint on this
consumption stream, equation (3), is that the present value of his total con-
sumption does not exceed the present value of his total income. This modél
suggests that in the early years of a person’s life, the first shaded portion of
Figure 10-5, he is a net borrower. In the middle years, he saves to repay debt
and provide for retirement. In the late years, the second shaded portion of
Figure 10-5, he dissaves.

Now if the life-cycle hypothesis is correct, if one were to undertake a
budget study by selecting a sample of the population at random and classi-
fying the sample by income level, the high-income groups would contain-a.
higher-than-average proportion of persons who are high-income levels
because they are in the middle years of life, and thus have a relatively low ¢/y
ratio. Similarly, the low-income groups would include relatively more persons
whose incomes are low because they are at the ends of the age distributiomn,
and thus have a high ¢/y ratio. Thus, if the life-cycle theory is true, a cross-
section study would show ¢/y falling as incqme rises, explaining the cross-
section budget studies showing MPC < AP£>

Next, it seems reasonable to assume thatin the absence of any particular
reason to favor consumption in any one period over any other, for representa-
tive consumer i if PV rises, all of his ¢, rise more or less proportionately.
In other words, for consumer i, :

d=KPV).0<k<l 9)
.
Here k', the fraction of consumer i's PV that he wants to consume in period ¢,
would depend on the shape of his indifference curves and the interest rate.
Equation (9) says that if an increase in any income entry, present or expected,
raises the consumer’s estimate of PV, he will consume the fraction k' of the
increase in the current period. . )

If the population distribution by age and income is relatively constant,
and tastes between present and future consumgtion (that is, the average
shape of indifference curves) are stable through time, we can adgl up all the
individual consumption functions (9) to a stable aggregate function,

¢, = k(PV). (10}

The kind of gradual changes in age and income distribution that we have
seen in the U.S. since World War II certainly meet the Ando-Modigharm

stability assumptions.
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The next step 1n developing an operational consumption function from
(10} is to relate the PY term to measurable economic variables. This is the
crucial step 1n empirical investigations of the consumption function, as it is
1 almost any empinical study 1n economics. The theory iny olves consumption
as a function of expected income, which of course cannot be measured. The
problem is to ink expected income back to measured variables by making
further assumptions, Choosing the right assumptions and making the right
Iinkage 1s the cruasal art 1n empirical economics. The work of Ando and
Modighan: provides an excellent example of the practice of this art. Ando
and Modighani begin to make the PV term operational by noting that income
an be divided into income from labor v* and income from assets or propersy
»" Thus,

Pr’~)EJL+2L i)
L T A TN )

where time Zero s the current perod, and £ ranges from zero to the remaining
years of life, T. Now if capital markets are reasonably efficient, we can assume
that the present value of the ncome from an asset is equal to the value of the
asset 1tsel, measured at the beginning of the current period. That is,
T r’!
' _ =g, 12)
Yiay® 02

where a is real household net worth at the beginning of the period. Further-
more, we can separate out hnown current labor income from unknown, ot
expected, future labor income. This gives us for PV,

L&t 3
Ply=1y = -+ ao. 1

°=1g +; i+ ao 13
The next step in this sequence 15 determining how expected labor income
st . . vk might be refated to current observable variables. First let us

assume that there 1s an average expected labor income in time 0, )5, such
that

PR 9
I N EA TR
where T — 1 1s the average ining lif of the lation and

e L PYE
the term 14T - 1) averages the present value of future labor income over
T — 1 years. Then the expected labor income term in {13) can be written 2s

-t
);ma(r— 155, s
‘This gives us an expression for the present value of the income stream,
PV = 35+ (T — th§ + g, (16

which has only one remaining variable that 1s not ye1 measurable--average
expected labor income 3. We now need a final hypothesis linking average
expected labor income to a current variable—current labor income.
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There are several assumptigns that might be tested to see how they fit
the data coming from observations of the real world. The simplest assu}np-

tion would be that average expected labor income is just a multiple of present
labor income:

Yo=p5p>0.

This assumes that if current income rises, people adjust their expectation of
future incomes up so that )* rises by the fraction p of the increase in yt. We
might note here that this assumption assign¢ great importance to move-
ments in current income as a determinant of current consumption. If an
mcrease m current income shifts the entire expected income stream substan-
tially it will have a much larger effect on current consumption than it would
Af the. expected income stream did not shift, leaving the increment to current
income to be allocated to consumption over the remaining years of life.
~ Alternatively, we could assume that )* is related to both present labor
income and employment, on the theory that as employment goes up, people
will expect their chances for future employment, and thus income, to rise too.
This assumption can be formulated as

N
N&=m%=f<f)1éu”>ﬂ

where N is employment, and L is the size of the labor force.

Ando and Modigliani tried a number of similar assumptions, and found
that the simplest assumption that yv¢ = By* fits the data as well as any. Thus,
substituting 1§ for 1§ in equation (16) for PV, we obtain

PVy = [1 + B(T = D]v% + ao, Y

as an operational expression for PV, in that both y* and a can be measured
statistically. Substitution of this equation into equation (10) for consumption
yields

. co = k[1 + B(T — 1)]y§ + kay, (18)
as a statistically measurable form of the Ando-Modigliani consumption
function. The coefficients of .y~ and a in equation (18) were estimated statisti-
cally by Ando and Modigliani using annual U.S. data. A typical result of
their procedures is

¢, = 0.7vE + 0.064,. (19)

which says that an increase of $1 billion in real labor income will raise real
consumption by $0.7 billion—the marginal propensity to consume out of
Jabor income is 0.7. Similarly, the marginal propensity to consume out of
assets is 0.06. . _ . -
Comparing the estimates of the coefficients in (19) with the c!em'ed
coefficients in (18), we can see from the coefficient of a in (19) that k is 0.06.
This suggests, from equation (10), that on aggregate, households consume
about 6 percent of net worth in a year. Using this value for kand 45 yearsasa
rough estimate of average remaining lifetime T. we can also obtain the value
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of B from equation {18) that is implicit in the estimate of the y* coefficient in
(19):
0.7 = A[1 + B(T ~ 1)] = 0.06(1 + 448),

50 that f is about 0.25. This suggests that when current labor income goes
up by $100, in the aggregate, estimates of average expected labor income rise
by £25.

e Ando-Modigli ion function of ; ion (18) is shownin
Figute 10-6, which graphs consumption against labor income. The intercept
of the consumption-income function is set by the level of assets, a,. The

slope of the function—the prop y 10 | out of labor
in 1s the coeffi of y* in the Ando-Modigliani mptjon func.
tion, In short-run cyclical fi ions with assets ining faitly constant,

consumption and mncome will vary along a single consumption-income
function. Over the fonger run, as saving causes assets to rise, the consumption
income function shifts up as ka, increases.

Slope = 7 y

Estimated consumption
function Ando and
Modighian 0 s

Fij 106
gare Yoy I

yL

Thus, over time we may observe a set of points such as those along the
line OX in Figure 10-6, which shaws a constant consumption—income ratio
along trend as the economy growsYThis constancy of the trend c/y ratio can
be derived from the Ando-Modrghani function as follows, We can divideall
the terms in equation (19) by total real income to obtain

L
So07¥ 40062 o
[

If the ¢/y ratio given by this equation 1s constant as income grows alongtrend,
then the line OX, which gives the average propensity to consume c/y, will go
through the origin in Figure 10-6. The c/y ratio will be constant if y*/y—the
labor share 1n total income—and afp—the ratic of assets, or capial, to
output—are roughly constant as the economy grows along trend The {
observed data for the U.8. confirm that both of these terms are fairly constant. ‘
Over time the labor share of income has remained around 75 percent witha
slight tendency to drift up, and the ratio of assets to income has been roughly
constant at about 3 with a slight tendency to drift downward over tune.
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Insgrtlng these typical values into equation (20) for the ¢/y ratio we obtain

¢

‘— =(0.7)(0.75) + 0.06(3) = 0.53 + 0.18 = 0.71.

Thus, the aver_age.pro;?ensity to consume out of 1o1al income is constant at

aboqt 0.7, which 1mph§s' that. the line OX in Figure 10-6 is a straight linc

passing through the origin with a slope of 0.7. A spot check of the data for

(1977 shows that consumption expenditure was about $1210 billion and

national income was about $1520 billion, giving a c/rratio of 0.8.

Thus, the Ando-Modigliani model of consumption behavior explains all

_three of the obse_rx_(ed_consumption phenomena. It explains the MPC < APC

_result of cross-sectional budget studies by the life-cycle hypothesis: it provides

"an explanation for the cyclical behavior of consumption with the consump-
tion-income ratlo.mversé]y"félﬁfea"ib’iﬁ”cb'me along a short-run function in
Fxgg‘rg”lQ:ﬁ; and it alSo explains the long-run constancy of.the ¢/y ratio. In

“addition, it explicitly includes assets as an explanatory variable in the
consumption function, a rofe which was observed in the post-World War 11
inflation. ™ T '

' There remains a question concerning the role of current income in
explaining current consumption in the Ando-Modigliani model. The analysis
of the relationship of current consumption to the present value of the entire
future income stream suggested that a change in current income not ac-
companied by a change in expected future income would cause a relatively
small change in current consumption. To a certain extent, the Ando-
Modigliani analysis obscures this point by assuming that expected average
income depends on current income, raising the leverage of current income on
current consumption. Literal acceptance of the Ando-Modigliani results,
typified by equation (19), would mean that all increases in labor income
would tend to raise current consumption by 70 percent of the income change.
But one can think of income changes that should have no effect on expected
future income, for example an explicitly temporary income tax surcharge
such as that enacted in July 1968. In this case, simple application of the Ando-
Modigliani marginal propensity to consume to obtain the direct pohcy—
induced consumption effect of the tax change would probably be (and in
fact was) misleading; the consumption reduction should be far less than 70

. percent of the disposable income cut. Thus, the econometric results should
be used carefully with an eye on their underlying assumptions. which
sometimes won't hold true.

THE FRIEDMAN APPROACH: PERMANENT INCOME

Let us now turn to Friedman's:model of consumption. Friedman also begins
with the assumption of individual consumer utility maximization which
gives us the relation between an individual's consumption and present value.

corresponding to equation (8) earlier,
¢ =PV, [ >0. - (20
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Jiokian: b,

Friedman differs from Ando-Modig! ing with his of
the PV term n{21) Mulusplying PV by a rate of return r gives us Friedman's
permanent income,

Vo= PYL 2y

This is the permanent income from the consumer's present value which
includes his fuman capital—the present value of his future labor income
stream—which 15 included m PV in (22). Friedman, along with Ando-
Modigl that the wants to smooth his actual income
stream mto a more or Jess flat consumption pattern. This gives a level of
permanient consumption, ¢, that is proportional to ¥},

G=kp s b
The mndivadual rano of permanent consumption to permanent income k!
presumably depends on the mterest rate—the return on saving—individual
tastes shaping the indifference curves, and the variability of expected income.
1f there 15 no reason to expect these factors to be associated with the fevel of
income, we can assume that the average A' for all income classes will be the
same, equal to the population average k. Thus, if we classify a sample of the
population by income strata, as is done in the cross-section budget studies, we
would expect that the average permanent consumption in each income class§
(using subscripts for income classes as opposed to superscripts to denote
mdividuals) would be K times its average permanent income:

=k, (24)

for all income classes i

Next we can observe that total income tn a given period is made up of
permanent income v, which the individual has imputed to himself, plus a
random transitory tncome component yi which can be positive, negative, ot
zero, and really represents current income deviations from permanent in-
come. Notice here that the subscript ¢ refers to “transitory,” not “time,” a3
in the previous section. This is the standard notation for transitory income
in the literature. This gives us measured income as the sum of the permanent
and transitory components:

RES TR 25
Similarly, total consumption in any period is permanent consumption
¢, Plus a random itory- pli P }, which rep
positive, negative, or zero deviation from the “normal™ or permanent level
of consumption. Thus measured, consumption is the sum of permanent and
transitory consumption:
d=d it (26)

Next comes a series of assumptions concerning the relationships between
permancnt and transitory income, permanent and transitoty consumption,
ax:d transitory income and consumption. The assumptions concerning thest

ps give the explanation in the Fried theory of the cross-section
result that MPC < APC,
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~ First, Friedman assumes that there is no correlation betw
and permanent incomes; in other words, Y, is just a rando
around y,. so that the covariance of v i

een transitory
: m fluctuation
and ); across individuals is zero.

_This assumption has the following implication for cross-section budget study

n?sul'ts: Suppose we take a sample of families from a roughly normal income
dlstnbutlon_and then sort them out by income classes. Since ¥pand y, are not
related, the income class that centers on the population average income will
have an average transitory-income component T, equal to zero, and for that
income class ¥ = T,. As we go up from the average in income strata. we will
find, for each income class, more people in that group because they had
unusqally high incomes that year, that is, because 14 > 0, than peoplé who
were in that class because they had unusually low incomes that vear. This
happens because in a normal distribution, for any income class above the
average, there are more people with permanent incomes below that class
who can come up into it because y; > 0in any one vear than there are people
above. that class who can fall down due to 1f < 0. Thus. for income classes
above the population average, T, > 0. and observed 7 > T

Similarly, below the average income level, for any given income class,
there are more people who can fall into it due to having a bad year so that
14 < 0, than people who come up into it by having a good year so that yi > 0.
Thus, for income classes below the average, T, < 0, and ¥ < ¥,..This result—
that when sorted by measured income, groups above the population mean

.have 3, > 0 and groups below the mean have ¥, < 0—is important for

Friedman’s analysis, as we will see shortly.

Next, Friedman assumes that there is no relationship between permanent
and transitory consumption, so that c, is just a random variation around c,..
Thus, the covariance of ¢, and ¢ is zero.

Finally, Friedman assumes that there is no relationship between tran-
sitory consumption and transitory income/In other words, a sudden increase
in income, due to a transitory fluctuation, will not contribute immediately
to an individual’s consumption. This assumption is intuitively less obvious
than the previous ones, but it seems fairly reasonable, because we are c.ieali‘ng
with consumption as opposed to consumer expenditure. Consumption in-
cludes, in addition to purchases of nondurable goods and services, only

.the “use” of durables—measured by depreciation and interest cost—rather

than expenditures on durables. This means that if a transitory or windfall
income is used to purchase a durable good, this would not apprec‘lably
affect current consumption. Thus, Friedman assumes that the covariance

of ¢, and y, is also zero. ) o
The last two assumptions, that transitory consumption 1s not correlated

with either permanent consumption or transitory income, mean that when
we sample the population and classify the sample by income levels, for each
income class the transitory variations in consumption will cancel out so
that for each income class ¢,; = 0, and

T =T, ] (27)

for each income class i. .
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Figure 107
Friedmans

We can now bring this series of assumptions together into an explanation
of the cross-section result that MPC < APC even when the basic hypothesis
of the theory is that the ratio of permanent consumption to permanent
income is a constant k. Consider a randomly selected sample of the popula-
“{on classified by income levels A group i, with average observed income 5
abare average population income will have a positive average transitory.
income component ¥, > 0. For this abave-average gruup,lthen, observed
average income will be greater than average permancnt income, that is
3> o

A)lf ‘mcome groups will have average permanent consumption given by
T, = kF,,. But since ¢ is not related to either T, or 3, all groups, including
the above-average income group, will have a zero average transitory.
consymption component, so that 7 =,,. Linking these two consumption
conditions gives us

% =T = Vpie (28)

Thus, the above-average income group will have average measured con-
sumption equal to permanent consumption, but average measured income
greater than permanent income, so that its measured %, /3, ratio will be less
than L. Similarly, a below-average income group j will have a measured
/3, ratio greater than &.

These results are llustrated in Figure 10-7. The solid line X represents
the relationship between permanent consumption and income. The point
¥ is the population average measured income, and if the sample is taken in
a “normaf” year when measured average income is on trend, average tran-

sitory income will be zero, so that ¥ ¥,- The point @, is the population
average 4 and p i

et

i
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Figure 10-8

Friedman’s consumption
function: cyclical
movements.

First, consider sample grou

/ _ P i with average income above population
average, so that 7, > 7. This gr

oup has a positive average transitory-income

. .component ¥y, so that ¥,; < ¥, as shown in Figure 10-7. To locate average

consumption, both measured and permanent, for group i, we multiply ¥,
by k to obtain 7 = ¢,; along the k line. Thus, for an above-average incofnré
group i, we observe ¢; and T; at the point 4 which lies below the permanent
consumption line k in Figure 10-7.

Next, observing lower-than-average income group j, we see that the
average income of the group y; is less than the national average income T,

so that the average transitory income of the sample group, 7,;, is less than

- >
~ zero. Furthermore, we observe T; and know that ¢; =¢,; = I'J_T',,j along the

k line. The location of ¢; and y; gives us the point B lying above the X line
for the below-average income group j. Connecting the points A and B, we
obtain the cross-section consumption function that connects observed av-
erage income-consumption points. This function has a smaller slope than
the underlying permanent function, so that in cross-section budget studies,
we expect to see MPC < APC if (but not only if) the Friedman permanent-
income hypothesis is correct.

Over time, as the economy and the national average permanent income

- grow along trend, the cross-section consumption function of Figure 10-7

shifts up. What we observe in a long-run time series are movements of
national average consumption and income along the line k, giving a con-
stant ¢/y ratio. As the economy cycles about its trend growth path, the av-
erage ¢/ point will move above and below the long-run k line. In a bopm
year when T is above trend, the average transitory income of the populatan
will be positive, so that T > 7,. But average transitory consumption will
be zero, so that T =7, = k¥,. Thus, when ¥ is above tren_d, ?/‘T will be I.ess
than T,/¥, = k. Similarly, in a year when v is below trend, T, will be negative,
¥ < T, and the ¢/¥ ratio will be greater than k.

This cyclical movement is illustrated in Figure 10-8. 'In an average year.
when T, = U, the T,T, point falls on the long-run %k line. In a year with

- above-trend income F,, transitory income is positive, S0 that ¥,, < ¥, and
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the 7,,7; point is below the T lLine of Figure l'(%& In a year with beloy.
trend income T, the ,,¥; point is above the ¥ line, giving us the short-run
function of Figure 10-8. The difference between Figures 10-7 and 10-8 is just
that in Figure 10-7 the vanation m income and consumption is in a cross
section at any one time, while i F.gure 10-8 the variation is in average ¢

andey over the business cycle
&us,fnedman‘s mode! also explains the cross-section budget studies
and“short-run cychcal observations that indicate ATPC<APC, as well as
the long-run observation that the ¢/y ratio is fatrly constant, that is APC =
“MPC. His model Ts somewhat 1655 §atis y than the Ando-Modigliani
modél in that assets are only implicitly Takes inf6 3¢Count 35 3 detérinmant
of permanent income;and-it-relie§on Jess obsefvable aspécts of income—
“permanent” income and “tran§itory” income—-than the Atido-Modighiam
model, which separates out the observable components-—labor income
and value of assets - -
Nevertheless, the two models are closely related. Families with transitorily
high mcome in Friedman's analysts could be families in the middle years
m the Ando-Medigliam hfe cycle, and families with negative transitory
income could be the ones at the ends of the life cycle. Thus, the life-cycle
hypothesis could be one explanation of the distribution of Friedman'
transitory incomes )
The two models are similar in the starting point of the analysis in the
i 1 i ion (21)

p P 1 value given 1m eq
¢ = f(PVY),
and in the explanation of cross-section results. The Ando-Modiglani modet
mught be more useful to ec ic madel-builders and f since

1t exphatly includes measured current mcome and assets to explain con-
sumption, but st may also need careful mterpretation in cases where income
changes are glearly temporary, and permanent income considerations arc
more releva‘@

THE DUESENBERRY APPROACH. RELATIVE INCOME

The model developed by Duesenberry m 1949 differs considerably from
the Ando-Modighani and Friedman models 1n that 1t does not begin with
1he basic ion-present value rel hip derived eatly in this chap-
ter. Instead, Duesenberry’s analysis 15 based on two relative income
hypotheses.

The first hypothesis is essentially that consumers are not so much con-
cerned with their absolute level of consumption as they are with their con-
sumption relative to the rest of the population. The Ando-Modighani an
Friedman models are based on the solution to the problem of consumet
choice where the individual tries to maximize U = Ulcp, .. ., Gre -5 €1
subject to a present value constraint. In that case only the absolute level
of the individual's consumption enters the utility function Duesenberry,
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however, writes the utility function as

’ c c ¢
U=U[{2...., 2, ... L 2
| (RO R RT), (29)

where the R'sare a Weilg.h_ted average of the rest of the population’s consump-
tion. This says that utility increases only if the individual's consumption

risgszelative to the average.
‘ \@ assumption leads to the result that the individual's ¢/y ratio will
. ep ;

on his position in the income distribution. A person with an income
beloxy’the average will tend to have a high ¢/y ratio because. essentially, he
is trying to keep up to a national average consumption standard with a below-
average income. On the other hand, an individual with an above-average
income will have a lower ¢/y ratio because it takes a smaller proportion
of his income to buy the standard basket of consumer goods.
This provides the explanation of both the cross-section result that
MPC < APC and the long-run constancy of ¢/v. If, as income grows along
trend, the relative distribution of income is stable, there will be no reason
for'¢/y to change. As people earn more along trend they can increase their
consumption proportionately to maintain the same ratio between their
consumption and the national average.
‘ Duesenberry’'s second hypothesis is that present consumption is not
__— influenced merely by present levels of absolute and relative income, but
' -also by levels of consumption attained in previous periods. It is much more
difficult, he argues, for a family to reduce a level of consumption once at-
tained than to reduce the portion of its income saved in any period. This
assumption suggests that the aggregate ratio of saving to income depends
on the level of present income relative to previous peak income, i Mathe-
matically, in Duesenberry’s formulation,

s v 2
—=de+ Uy =, (30)
. 7
where y is real disposable income. As present income rises relative to its
previous peak, s/v increases, and vice versa. We can convert this quseryber;y
saving function into a consumption function by observing tl}at il v is dis-
posable income, ¢/y = 1 — (s/y), so that from (30) we can obtain

. ’

g-‘—‘(1*((0)"“1 ‘},:9 (31)
¥ ¥

As income grows along trend, previous peak income w.ill always be last
year’s income, so that y/i would be equal to 1 + g, wherf gyis the growth rate
of-real income. If i grows at 4 percent alorig trend, y/F will be 1.04 and ¢/y
will be constant, as required by the long-run data of Kuznets. )

But as income fluctuates around trend, the ¢/y ratio will vary inversely
with income, due to the negative coefficient of y/f in (31). To compute the
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Figure 10-9
The “ratchet effect” in
consumption

MPC, we can multiply the ¢/y ratio of (31) by ¥ to obtain

c=(l —aly~a

The MPC, the partial derivative of ¢ with respect to y, is then

MPC =%= (1 —a)—2a, ¢ o

Comparison of equation (32) giving the MPC and equation (31) giving the
APC shows that 1n the short run, with previous peak income fixed, the
Duesenberry model implies MPC < APC.

This combination of short-run and long-run behavior of consumption
gives us the ratchet effect shown in Figure 10-9. As income grows along
trend, ¢ and y move up along the fong-run function of Figure 10-9, with a
constant ¢/y ratio But If, at some point like ¢g, yo. income falls off and the
economy goes intd a recession, ¢ and y move down along a short-run function
coo With a slope given by the MPC in equation (32). Recovery of income
back to 1ts trend fevel, which 1s also the previous peak, will take ¢ and y back
up coCy to the mitial ¢4, 3y, point, where trend growth resumes along the long-
run function. If another recession occurs at ¢y, §y, consumption and income
will fall back along c¢,c,, and rise back to ¢, y, during the recovery. Thus,
Duesenberry's model implies a ratchet effect in that when income falls off,
consumption drops less than it rises as income grows along trend. We might
note that this mechanism is formally the same as that suggested by wage ,
ngidity in Chapter 8

Long-run
function

1

Fo

Yo /]

/Mﬁﬂur survey of the three principal theories of the consump-
tion function. Each theory improves our understanding of the consumption-
saving-income refationships. The theories of A; odiglian) and Friedman
S¢Em (6 be more successful lm?m?%ﬂ?grﬁsﬁmﬁcﬁﬁ
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.acceptance among economists. The strength of Friedman's theorv is related
to the accéptance by many economists of the proposition that ;;eople base
current consumption-saving decisions on more than just carrent and past
values gf income and assets. The notion, common to both Ando-Modigliani
and Friedman, ofa basic permanént consumption path that is tied to an
expected income stream and is somewhat insensitive to temporary fluctua-
tions In income, is persuasive. On the other hand, it is useful to know what
does cause fluctuations in current consumption, and the Ando-Modigliani
model.has a relative strength in its explicit inclusion of current income and
assets in the explanation of consumption. Perhaps the best compromise is to
e?(pla{n consumption using the Ando-Modigliani model, but with reserva-
tions in cases of teméaorary income and asset fluctuations as suggested by the
rmanent Income thesis,
pe 0 ypo hesx/S//

“hoice Structure and Disequilibrium

Figure 10-10
Worker-consumer choice
structure.

!
Y

In Chapter 6 we modeled the worker-consumer as making a constrained
optimal choice between income and leisure, given tastes and skills, the wage
rate W, and the expected price level P°. Thus, in deriving the economy's
supply curve, we had a worker choosing, under the usual constraints, a level of
income 3 = wT — S) [see equation (13), p. 104]. Now. in analyzing con-
sumption and saving behavior, we take as given the income-leisure choice,

- so that consumption and saving depend on income.

Implicit in this treatment of income as predetermined in the consumption
function is a model of the choice structure of the worker-consumer illustrated
in Figure 10-10. Given time, tastes, skills, prices, and wages determined by
the market, the worker makes a work-leisure decision. This was the starting
point of Chapter 6. This decision will not be revised often. In the institutional
context of most industrial economies, with union membership, long-term
contracts, and skill and educational background “Jocking™ people into labor
market decisions for extended periods of time, the fundamental labor market
decision is not going to be reviewed nearly as often as the saving-consumption
decision.

> . 3 Various
T P ¢ Consumption consumption goods
Time —> W >, Permanent_____
Tést&s Work Income > Saving > Various real or
.-Skills financial assets
W,p® | . b= ]eisure

The work-leisure decision yields a value for permanent income, that is
then split (after taxes, of course) into consumption and saving. Thls_savmg
decision can be reviewed frequently. As the worker-consumer s occasionally

' surprised by the labor market outcome as national income fluctuates, we sce
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consumption moving with income. This movement gave us the consemption
functions of this chapter. R

An alternative interpretation of the consumption function has gamed
support 1 the literature in the past 10 years or so. This interpretation
dertves the consumption function from a constrained disequilibrium situation,
If we ignore the choice structure story above, and think of the worker.
consumer as making a general equifibrium decision on work, lefsure, con-
sumption, and saving ail at once, then consumption should depend only on
the left-hand vector of time, tastes, skills, W, and P in Figure 10-11, withowt
income mtervemng. In a timeless, general equilibrium world, each person
looks at the entire price vector and then makes all decisions simultaneously,
ncluding consumption.

The alternative to the choice structure story justilying inclusion of income
as a predetermined vanable 1n the ion function is an p
that the worker-consumer is constramned in the quantity of labor he or she
can sell at the going wage rate. This is the case of wage rigidity discussed
i Chapter 8, and 1s the basis of the disequilibrium interpretation of the
consumption function, as modeled, for example, by Robert Barro and
Herschel Grossman

1f the wage rate 15 rigid 1n the downward direction, an exogenous drop
1n aggregate demand may throw a worker ofl his or her labor supply curve,
as discussed in Chapter 8. In this case a worker is rationed 1 the amount
of labor he or she can sell, and consumption choices become constezined
by the amount of income that can be earned, an amount less than optimal
at the going wage. Income then becomes predetermined by the labor marke!

and 1s an independent variable in the consumption function

This disequlibrium story also gives us an alternative interpretation ol
the consumption multiplier of Chapter 3. If a worker is constrained m the
labor market due to wage rigidity, consumption expenditures are reducet
by the income constraint. Thus, firms may face a sales constraint as con
sumer demand falls, if the going price level 1s also rigid. If the price level
1s nigid downward, the sales constraint will lead firms to reduce output and
consequently, employment This feeds back into the labor market, reduciny
the demand for labor at the gomng ngid wage. The drop in demand for labol
tightens the workers' income constraint, reducing their consumption expen
diture, spilling back mto the product market in the form of tightenin
constraint 1n safes. Thus the feedback from the workers’ labor market con-
stramt to the firms’ sales constraint multiplies the instial drop in deman¢
that indicates the downward spiral

This spillover disequilibrium story is fully consistant with the discussion
of wage rigidity in Chapter 8, and the consumption function of thss chapter
It is a useful interpretation of the short-term dynamics of the basic model
when wage and price nigidities are present We will return to this disequi-
!1br1um interpretation of the model in Chapter 11 on investment, and agais
in Chapter 16, There we pull together the elements of the disequilibriur
interpretation from Chapters 6, 8, 10, and 11, and present a full short-run
static model with wage and price rigidity. Below we continue with the equi
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“The MPS Model

librium interpretation of -basic model, staying in a framework of flexible
wages and prices.

Beginning in 1967 a group of economists centered originally at the Federal
Reserve Board, in Washington, and the Massachusetts Institute of Tech-
nology (MIT), in Cambridge, under the general direction of Ando and
Modigliani, has developed an econometric model of the U.S. economy. This
research project was largely supported by the Federal Reserve Board (the
Fed) and the Social Science Research Council (SSRC). The model is used for
policy analysis and forecasting by economists at the Fed and in major centers

.- of economic research. With the leaders of the project coming from the
.. University of Pennsylvania (Ando) and MIT (Modigliani), the model has
. become known as the MIT-Pean-SSRC, or MPS model. Included in the

E;F'gure 10-11

7. MPS model: consumpuon
z vs. consumption

-, expenditure.

¥

|

model are consumption function estimates that are based on the original
Ando-Modigliani work discussed earlier, and which introduce more clearly

- the difference between the concepts of consumption and consumer expenditure
. which are implicit in all of the other models. Furthermore, this model deals

explicitly with the dynamic nature of the-multiplier by predicting how long
it takes for a step increase in income to achieve its full 1mpact on consumption.

The term consumption as we have been using it in most of this chapter
means the use of a good rather than the expendnure on it in any one period

" Durable goods have a lifetime of service. The present value of the services

rendered by the good is equal to the original price of the good. Consumption

10 —

$ biltion

t in quarters —
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is the amount of services of a good which is used up in any one period, whie
consumption expenditure is the expenditure on consumer goads in a period,
The two values are usually different, unless ali purcl\a<cs of the services of
durable goods are tn the form of rents, or the economy is in a stationary stare
where ail durable purchases are for replacement.

Considering the d betneen and ¢ T expend:.
ture, it can be seen that an increase in income in pcnod Qwilllead i immediately
to an increase m desired (onmmpuon. given by the MPC. But to increase

ptionservices from durables, 2 person has to buy the enmecapuahzgd
strcam of scmces in the current penod Thus, the increase in consumer
exp from an in income could greatly exceed the
ongmal income change. {Consider a tax cut of $100/month which leads to an
auto purchase of $2000)

The consumption function inthe MPS model predicts the size of increases
in both 1on and ion ex ure following an exogenous
change m income as well as the lenglh of time needed before the new levels
are fully reached, holding all other variables, for example, P and r, constant, .
This is iHustrated in Figure 10-11, which shows the adjustment of both
consumption and consumer expenditure to their new equilibrium leels *
followng a one-time increase in income of S10 billion in period 0 This .
corresponds 1o the simplest multiplier effect of Chapter 3, where we are now
looking althe 1ming of the effect. Thesolid line in Figure 10-11 representsthe
increased consumption resulung from the step increase in dlsposable income.
It can be seen that 1t app the ul Jevel ¢y asymp The
dashed line represents actual expenditures on consumption goods. This
increment to expenditures actvally rises above the Jong-run consumption
effect after § quarters; and then declines to below that level after 15 quarters.

In the static mode] we have discussed, we have dealt only with the valus
for consumption and we have observed only the two points ¢ and cy. One
virtue of the MPS model is that it permits us 1o see the time dimension of
changes from ¢, to ¢y and to relate changes in consumpnon to changes iy
consumer expenditure. The latter is the value that appears in the national!
mcome accounts, whereas the former is the consumption flow predicted by
ec‘onurmc theory.

Pl

The Wez;ftfl Efi’ect in the Static Model

We have now seen that the level of real household net worth—wealth or
assets—has an effect on the level of consumption. In the original dlSCllSSlOﬂ
of the effects of changes in consumption on the equxhbnum of the money’
and product markets we did not allow assets to enter into consideration’
Now we will examine the implications for the general equilibrium analysis;

of including real assets in the consumption function, i
; We can begin with a general form of the Ando-Modigliani consumption

unction:

c=agyt + 240, 63

ﬁ

4
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public is balanced by the liability-of the banks. On the other hand, reserves
and govermment bonds are included because they are claims of the prvate
sector on an “outsider”—the government. The validity of including the fatter
is open to question, because they could be seen as future tax Labilines of
the private sector. For the present. however, we will ignore that possibiiy
and treat bonds as private claims on the government

Net real assets a equal 4/P, so that we have

K+R+8B
A === [£1)

1f the average price of a stock share moves with the price level, we can write
the value of the capital stock as K = PK, so that the first term in the real
assets equation is PA/P, or just A, the real capital stock, In the short-run
analysts of the determmation of income we are holding the capital stock
constant, so that A is fixed. —_—
—TIwe assuine 1Hat all government bonds are very long-term with a stan-
dard annual yield of $), then the total value of outstanding bonds is the
number of bonds b divided by the interest rate, Thus, B = b/r. If, in fact, the
standard yield is not $1, but, say 3100, this just moves the decimal point
in our measurement of b, not changing the qualitative analysis at all.
Now the expression for real assets can be rewritten as
R B R b -
a=k+ 55 ‘+P+5P" 39)

ASSET EFFECTS AND THE /S CURVE,

From equation (38) we can see that inclusion of real assets in the consumption
flattens the slope of the IS curve as r changes, and also shifts the IS curve
as R,b, or P change. We can look at the effects of movements of each of
these vanables in turn, to see the direct effects of movementsinr, R, b, and P
on the IS curve through the wealth effect on consumption.

A reduction in the InTerestTate ficreases the valueof the outstanding
stock of debt 1n the hands of the private sector by increasing bond prices
Comparing equations (37) and (38), we sce that a drop in r increases the
value of B and a. The increase in real assets reduces saving and increases
consumption Thus, as r falls both investment and consumption rise along
the IS curve. This flattens the /S curve; for a given drop in 7, (he eect on
product-market equilibrium y 1s increased by inclusion of the wealth effect
on consumption.

The wealth effect thus opens another channel through which monetary
policy effects income and output. An increase in the money supply, reducing
the interest rate, increases mvestment as we saw in Part Il: now we see
that it also increases consumer spending. In Figure 10-12, flattening the
IS curve from 1,5, to 1,S, increases the effect on A for a given shift in the
LM curve of LoM, to LiM,. Without the wealth eflect on consumption, ¥
would increase 10 y,. Including the wealth eflect moves y up_to_¥s 2

the
—
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LM curve shifts. This is a major additional channel for monetary pohcy
in the MPS model.

An increase in b or R or a drop in P shifts the IS curve to the right, as
shown in the four—quadrant diagram of Figure 10-13. With an initial asset
level ao, the IS curve is positioned at 1,S,. An increase in real assets to aj,

-~

r° L Ly

i+g

[

————d e e

Figure 10-13 ,
The asset effect shifting

the IS corve. s+t
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as b or R rises or P falls, shifts the saving function in the southeast quadran
from stag) 1o s{a;} Since s+ 1 is measured from the origin down on the
sertical axss, this shift represents a decrease in saving at any given level of
income: ésiéa < 0. -

The downward shift in the saving function shifts the IS curve out 1o
1,8, n Figure 10-13. M?;M’;@?E%@&mm

nption, raising equilibrivm y in the prodici markel at any glien s,
Thisanncrease in real assets as b, R, or P change, shifts the IS cune
Rex R or governmeny debt-B in.the hands-of the-private sector are
incr'c:scsdnmrnmﬁt’budgegd:ﬁm The government can finance this
Budget defiat by sélling bonds to the public, increasing B, or by selling
bonds to the Fed 1n exch for money bal This b an increase
in R when the government draws on its balance at the Fed to finance the
defiat. Thus, through a continumng deficit, the IS curve shifts gradually
right; a sufplis woald Shif w lefe. This means that a static equiibrium Rk
the budgel wor i balancd implics a gradual movement in the IS curve aver
tme. We return 10 these d implications of budget imbak. in
Chapter 19.

An open market mcrease 1 R, in which the Fed buys bonds from the
public m exchange for money. simply swaps R for B, with AB = —AR. The
Fed 1s buying bonds from the commercial banks, so when R goes up, B
falls by the same amount, and vice versa when R goes down. This means
that. as long as only the reserves part of the money supply is included in A
1n the first place. open market operations do not affect g, and thus do not
directly shuft the IS curve.

PRICE LEVEL CHANGES AND THE PIGOY EFFECT

Animportant result of the introduction of real assets into the consumption
function 1s the effect of movements in the price level on the IS cune, A price
increase reduces the real value of assets, shifting the 1S curve to the left. la
Part 1 the adjustment of demand-side equilibrium output to changes in the
price Jevel came only through the money market, shifting the LM curve. Now
it is clear that pnice Jevel changes also shift the IS curve, and in the same
direction as the LA curve;a price increase shifts both to the left. “This makes
demand-side equilibrium output more sémsitive to price level changes, and
flattens the economy’s demand cunve in the P,y space.

The main importance of the mclusion of real wealth in the consumption
function from a historical point of view is that it eliminates the fiquidity-trap
mconsis_(mcy in the classtcal model which Keynes used to attack that model.
Accqrdmg to Keynes it was possible for interest rates to fall so low in the
classical mode] that neither an expansionary monetary policy nor falling
prices could ever increase the level of demand-side equilibrium oytpyt. Thus.
with employment determined in the labor market and demand caught in
the liquidity trap, the classical mode! had no solution. Professor Pigou, who
responded 10 Keynes, pointed out that, in our terms, the price drop would
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shift the IS curve out. As prices fall the level of real assets tises, leading to
downwarq shifts in the saving function.

N These increases in _re_a! consumption that occur with falling prices would
shift the: IS curve out; raising the level demand-side equilibrium output as
shown in Figure 10-14. Thus. the Pigou effect refuted the suggestion by

Keynes that the socalled classical model was inconsistent in the liquidity
trap case. ’

/s .
/

Figure 10-14
The *‘Pigou effect.”

Conclusion: Some Implications for Stabilization Policy

Our analysis of consumer behavior and the consumption function has two
important implications for stabilization policy, which are briefily reviewed
here. In Chapter 14 we take another through look at monetary and fiscal
policy after we have further analyzed investment demand and the money
market.

The first implication, mentioned several times already, is that how much
reliance should be placed on using temporary tax changes for stabilization
policy depends on how correct the permanent income hypothesis of Friedman
is. It is quite possible that if there were a variable income tax surcharge set,
say, every year by the President, people would soon calculate an average
expected value for the surcharge. and set their consumption pattern to fit
disposable income with this average surcharge. Thus, fluctuations in the

- surcharge would be absorbed in the saving rate and have no effect on con-
sumption. They would just shift saving between the public sector and the
private sector. )

This might be an extreme case of permanent income behavior counter-
acting fiscal policy, but it does seem clear that, in any case. temporary tax
changes will be less effective than permanent ones of the same size, and small.
explicitly temporary tax changes may have little or no effect on aggregate
demand. )

The second point is_that inclusion Lreal_assels,as.a.dete:mmam._of,
consumer demand probablx’lr_l,cggjses_the_eﬁeetiveness-of-monetany«pol_lcy,.-\
Jelative to fiscal policy thirough the interest_rate.effect-on-assetvalues:which -
flattens the IS curve. An expansionary monetary policy will reduce the
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Asset eftect and hiscal
paliey
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investment Demand

In Chapter 4 we ntroduced investment demand as a simple function of
the Interest rate, offering as a rationale the present value (PV) criterion for
mvestment decisions. This simple function was sufficient for the purposss

of Part II—to expose and pulate the basic § betneen
the product, money, and labor markets. But the i = i{r) function is obviowly
not a good r ion of the lex determi: of i m

the “real world.” In fact, it is only in the past fifteen years or so that empirical
investigators have been able to obtain even barely reasonable empiricat
explanations of investment demand. R
This chapter first reviews the basis in microeconomic theory for a macro-
ic view of investment d d, developing along the way the ratio-
nale for the P¥ rule and a comparnison of this criterion with the concept of
the marginal efficiency of inrestment. We then dex elop a theoretical investment
demand functi at mcludes both repl: investment as a function
of the lecel of output and the mierest rate. and net investment as a function
of ¢fanges in output—the accelerator principle—and the interest rate.

‘This theoretical frameworh, includes the user cost of capital as a varizble
explaining equilibrium capital stock. Discussion of the user cost takes &
into the role of profits and liquidity as partial determinants of investmen!
demand through the interest rate and user cost.

After the theory of investment demand has been fairly fully developed
We summarize some recent empirical results concerning the response o
investment to changes in output and the cost of capital, in terms of bott
tljlc size and time dimensions. Since the theory leads to an investment func
tion in the static model of the form i = i(r, 5, w here #/7) > 0. the possibilin
is raised that the IS cunve is positively sloped and the economy is unstable
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The empirical findings suggest that the margi i J

p! g ginal propensity 10 spend—the
sum of Gifdy and the.MPC out of GNP—is in fact less than unitv so that
the IS curve is negatively sloped. Finally, we end with some comments on
monetary and fiscal policy, to be extended in Chapter 14. But the best place

to begin i.s back with the present value criterion and the microeconomic
theory of investment.

The Present Value Criterion for Investment

In Chapter 4 we suggested that a firm should rank investment programs
by the present discounted value of the projects’ income streams,

.}EH'_]_(,. Ris2 _,L.__R_',l
IL+r (1412 (1+r

where C is the cost of the project, and R,,..., R,,, is the stream of net
returns. A npatural starting point for a discussion of investment demand is
thg rationale of the PV criterion and its implications for the determinants
of investment. To develop the rationale of the PV criterion, let us look at
a simple firm owned by persons who want to maximize their utility as a
function of a stream of real consumption as in Chapter 10,

U= Ulco, ¢y, - - -5 €7), 2

“where ¢, . . . ¢y is the consumption stream from time 0 to time T.
The firm has the following kind of sales and income possibilities. With
a given amount of resources in period 0, the firm can produce net output
for sale in all the periods 0 through 7. Its net revenues in each period can
then be either disbursed to the owners as income, Jo. ..., J'r, OF invested
to produce a greater amount of output at some future date. Thus, by reducing
current income, the owners can increase future income by investing the
firm’s retained earnings. An increase in income in any one period, J;, requires
a decrease in some other period. This decrease can come before period ¢
in order to generate more total revenue in ¢ so that additional income can
be withdrawn then without reducing income beyond period f. Or the de-
cregse could come after ¢ as a result of reduced investment in 1.
From the point of view of the firm’s owners, this situation can be expressed
by an income possibility curve,

0=¢(,"05y17'-~’yT)- (3)

If we hold all but two y’s constant, then an increase in one y requircs a de-
crease in the other. This must be true for any pair of ¥'s. The problem, now. is
for the firm to choose the set of y's, given its initial endowment of resources-—
cash or, in general, capital—that will permit the owners to quim_izc utility.
In the two-period case, this income possibility curve is shown in Figure 11-1
as 0 = ¢(yo,¥,). From a maximum income in time 0. yo™, which is equal
to the total initial resource endowment, the firm’s owners can trade income

PV,= -C+R, + (1

’
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2 Slope = —(1+r}
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Figure 11-1

The “income possibility
curve

Dollars in
Penod 0

1n time O for income in time 1 through the investment process, with dimin-
ishing returns. The slope of the income possibility curve of Figure 11-1 can
be obtained by total dilferentiation of equation (3) in the two-period cnse:

N A
0= %d.ro + a%% dyy
so that the marginal rate of transformation (MRT) of 3o into 3, is given by
o
&xy

The firn can produce any income stream yo, ¥, on the income possihility
curve of Figure 11-1, given its initial resources.

Once the firm chooses an income stream, such as point A in Figure 11-1.
the owners can then borrow or lend to a consumption point along a budget
constraint with stope —(1 + r} in exactly the same fashion as we showed
in Chapter 10. A set of such budget lires is shown in Figure 11-1. The prob-
lem here is to choose an income stréam yo,¥, along the income possibility
curve that gets the awners-to the highest possible budget line. As shown
m Figure 11-1, the highest budget line that éan‘be reached is the one just
tangent to the income possibility curve, where MRT = —(1 + 1)

In Figure 11-2, we have added to the picture the owners indifference
curves from the utility function (2). These show rising levels of utility as one
moves northeast, that is, Uy < U, & U,. As we saw in Chapter 10. the
§|0PC of an indifference curve can be derived from the utility function (2}
in the two-period case: AR

0=PU

éu
;’c_odc" + F‘F—x dey,

=
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The investment and
consumption decisions.
so that the marginal rate of substitution (MRS) of ¢, for c, is given by
ou
de, cco 5
de,  &U’ ©)
dc,

. From Figure 11-2 it should be clear that the owners reach their highest
possible indifference curve by finding an indifference curve tangent to the

highest possible budget line. So production is arranged by the firm to reach

the highest budget line where MRT = —(1 + r), for example, point 4 in

Figure 11-2. The owners then transform this income stream into a utility-

maximizing consumption stream by borrowing or lending to the highest

possible indifference curve, where MRS is also equal to —(1 + r). This gives

us the:condition for utility maximization in this case that combines both

production and consumption decisions,

MRT = —(1 +r)= MRS (6)

Now the intercept of the budget line on the horizontal period 0-axis
is given by the present value of the y,, y; income stream,

N

PVo=Yo+ 12 ™)
as we also saw in Chapter 10. But this means that to reach the highest pos-
sible budget line, the firm should maximize present value—move to the
budget line with the farthest-right time 0 intercept in Figures 11-1 and 11-2,
given the location of the income possibility curve. Once this maximum PV
line has been reached, the owners can worry about reaching the highest -
possible indifference curve indeperidently of the production decision. Thus,
the owners can insure that they can (but not will; this is a necessary, not
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Figure 11-3

Ranking investment
Pprojects in order of their
PVs

sufficient condition) reach the maximum possible U level by 'giving the
firm’s manager the rule: Maximize present value!

The manager doesn’t need any information on the shape of the owner's
utility function and indifference curves; the production and consumption
decisions are completely separate. Thus, the firm that is trying to maximize
1ts owner’s welfare will follow the rule: Maximize PV, And in the economy
this will result in equating the MRT along the production function to MRS
along ndifference curves, a basic condition for economic efficiency.

Now 1f the economy is populated by firms that are trying to maximize
their owners” welfare in a petitive capitalis or directly to
maximize the social value of output in a socialist economy—note that the
first case may also maximize the social value of output—they will order
mvestment plans to maximize the present discounted value of the income
stream coming from the sum of all investment projects, that is, the capita]
stock, Any investment rule that is not consistent with maximizing PV will
not achieve these ends, and thus will not be consistent with profit (or welfare)

in a competitive
This kind of reasoning led us, in Chapter 4, to the investment rule that
the firm should maximize its present value by investing in any project with
positive PV, where PV 1s defined as in equation (1):
Reer Rz () Row
1+4r (147 {1+
ander the present-value criterion, the firm computes a present value for
ach possible project it might undertake, and then ranks the projects in
order of therr PV’s. This ranking is represented in Figure 11-3, The vertical
axis measures the present value of each investment relative to its cost, and
the horizontal axis gives the real value of the sum of all investment projects.
In order to maximize sts present value the firm should invest in all projects
that have a PV > 0. This gives an equilibrium level of real investment for
the firm of ip, where the present value of the marginal project is zerof
As can be scen from the PV expression in equation (1), an in e in
the market interest rate reduces the present value of each investment project
This causes a downward shift in the curve in Figure 11-3 and reduces the
firm’s equilibrium investment level to i,. On the other hand, if the expected
returns in each period were to increase, perhaps because of an increase in

PV = —C+R,+

N
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demand in the present period, which is expected to be fairly permanent, the

- curve shifts up, and a higher level of investment, I, results. This is the basic

‘theory behind the simple investment function of Part I1.

The Marginal Efficiency of Investment

Figure. 114
The ""marginal efficiency
of investment” criterion.

A different criterion for investment decisions was suggested by Keynes and
has been used in macroeconomic texts ever since. This is the marginal eff-
ciency of investment criterion. This criterion is very convenient as a teaching
device, but has its analytical weaknesses. The marginal efficiency of an in-
«Yéstment project, m, is defined as the rate of interest that will discount the
‘IiV of the project to zgro. Thus, m is defined by
- - Rr'+ 1 Rt+2 . . Rr+n
0 C+R'+1+m+(1+m)2 (1 +m" @
1f, with any given C and R stream, we solve (8) for m, we have the interest
rate that would discount the project’s net returns back to zero.
Investment programs can be ranked by m, much as they were by PV.
It would seem that a project with a “high™ returns stream would have a
“high” PV and thus require a “high” m to discount the net returns stream to
zero. Thus, m can be plotted against i, as shown in Figure 11-4, much as
PV was in Figure 11-3. As the size of the total investment program is in-
creased, we go to projects with lower and lower R streams, so that as-i rises,
m falls.

Percent mandr

THE SUPPLY OF FUNDS

This m function, represedting investment demand, can now be confronted
by a supply of funds schedule to determine the equilibrium level of invest-
ment, similar to i, in Figure_11-3. This supply schedule, r, is shown in Figure

- 11-4.{It shows that up to a certain point the interest cost of financing invest-

ment is roughly constant. But as the size of the investment program goes
‘beyond that point the cost of borrowing, or the opportunity cost of using
retained earnings, begins to rise. Thus, ‘the r curve in .Figu're 11—4.can be
regarded as a supply of funds schedule. The m curve, which gives tht_: interest
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* .rate at which each succcsswc pmjcct could just break even, can be regarded
asan Thei ion of the m and rschedules
determines 1,. To the Ien of iy all projects have positive PV’s since m >f}

As we will see in 2 moment, t| ot satisfactory as a general
criterion for investment demand. However, it does have @ cHT
that it points out the fact there may be more than one cost of capital or
interest rate facing a firm, depending on-the extent to which it draws on
various sources of investment funds; and these various cost of capital levels
affect the firm's decision to invest. For example, firms tend to impute a lower
interest rate to funds which are available from retained earnings. Higher
interest rates are imputed to external sources of funding such as bond issues
because they represent a fixed liability that must be paid on time regardless
of the financial position of the firm, or stocks because they dilute the
management’s degree of control over the firm. -~

The possible sources of mnternal financing, of course, consist of deprecia-
tion and retained earmings, after-tax profits less dividends. Since internal
financing 15 imputed a lower interest rate, it can be visualized as the fat
part of the r curve n Figure 11-4, borrowed from Duesenberry. As profits
increase, the amount of internal funds which are available for investing
increases, and the flat part of the r curve is extended, as is shown by the
dashed line in Figure 11-4 Thus, an increase in profits will lead o an increase
in investment by shifting out the supply of funds curve, r in Figure 114,
Conversely, a lower profit rate shifts the supply curve left, and reduces the
level of investment.

The profit level, through the supply of funds schedule and the cost of
capital, is undoubtedly an important determinant of investment demand, as
we will see later in this chapter. But the marginal cﬁictency of investment 1s,
nevertheless, not a very useful analytic device.

mvéstment criterron 1S that it does not necessarily. yleld«
itertor Ti-

tuitively, it should be clear thatT projects, one of which
has large returns in the distant future, the other with smaller returns coming
sooner, the first will have a higher PV at some low interest rate, while the

second project will have a higher PV at some higher rate that pushes down
the PV of the distant returns of the first project.

QPHESENT VALUE AND MARGINAL EFFICIENCY
int here is that the PV ranking depen

The_im
interest—the rate at which earnings can be reinvested—:

BV rankings can be different Trom m rankimgs-

The best way to see this is to look at an example which can be easily
generalized. Suppose we have two i projects, both with cost C =1
{one thousand dollars, perhaps). Both projects have zero return in period 1,
when they are being built. Project | returns 0 in period 2, and 4 in penod 3
project 1l returns 2 in period 2, and 1 in period 3. This information is sum-
marized in the lefi-hand part of Table 11-1.
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Table 11-1
Margingl efficiency and present value
PV
Return in Return in —_—
Cost Period 2 Period 3 m r=0 r=1
Project 1 1 0 4 1 )
- 3 ’
Project i 1 2 1. 1.414 2 . 8'25

Now let’s calculate the m values for these two projects. For project 1
we have o
0 4 (4 ) = |20t
1+m + 1+ m?*

!')’ </ 0=-1+0+

Solving this equation for m, we have (1 + m)?> = 4, and m = 1, as shown in
Table 11-1. For project II the m equation is

>~ 2
3 . B - ‘E’
0= —1404 2 S =20 -M 4 1+
e l4m (L4 mp g Hg) >
Moving the —1 to the other side of.the equation and multiplying both
sides by (1 + m)? gives [4_2;;,4@1..‘1«2'4 -1
A+mP=14+2m+m*=242m+1, I+ =3
M= 2

where the middle term is just (1 + m)? written out. Subtracting (1 + 2m) 1=,
from both sides of the right-hand equation gives us m?* = 2, or m = 1.414 _ o
for project I1, again shown in Table 11-1. As the table shows, both projects ~ '
have the same costs, but one has a very low return_in period 2 and a high
return in period 3 while the other has a moderate return in period 2 and a
low return in period 3. The marginal efficiency of investment criterion
indicates that project I1 is unequivocally better than project I, since m, > m;.
However, under the present value criterion there is no unequivocally
correct answer because the PV ranking depends on the market interest
rate. With r = 0, project I has a present discounted value given by

0 4
PV = "1+0+T+T=3’

while project 1I has a PV given by

21
PV=-14+0+7+7=2

so that at the (very) low rate r = 0, project I, with its high, but delayed, returns,
is superior. With r = 1, project I has a PV given by

0 4
PV =—140+5+,=0,
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Figure t1-§
Present vaive and the
market interest rate

while project IT's PV 1s

2.1
PV =~1 +0+§+4~~0A25.

Thus, at a very high interest rate that discounts project I's returns heavily,
project 11 1s preferable. These PV results are shown in the last column of
Table 11-1.They illustrate the deficiency of the marginat efficiency criteriony/
for ranking nvestment projects This criterion makes no referénce to the
market rate of interesi, which measures the opportunity cost of investment.

The example we have just used can be generalized, as is shown in Figure &
11-5, where the PV's of projects 1 and II are plotted as functions of the
market interest rate. Table [1-1 shows that wnen r = 0, PV of project [ is
3,and PV of project I1 is 2. The table also locates the P¥”s of the two pros
Jects where r = 1. Since at low r, PV(I) > PV(I1}, while at a high r, PV() <
PV(IN), there must be some r in between where the PV's ate equal. To find
this value of r, we set PY(I} = PV(1I):

. 0— (421 1
T+r (0+1)7 T+r (140
Dropping (0 — 1) from both sides and multiplying through by (1 + r)? givesus
4=2c4241 and =05,
At r =035, the PV of both projects 1s 0.78, locating the equal PV point in
Figure 11-5. At interest rates below 05, proyect 1 will have the higher PV:
above 0 5, project Il wins. Thus, the way for a firm to obtain a true ranking

of investment projects in terms of their opportunity costs is to compute PV
for each project at the relevant market rate of interest.

-1+

THE PV CRITERION AND THE SUPPLY OF FUNDS

In the discussion of the present value criterion at the beginning of this chap-
ter, we assumed that the firm faces a competitive capital market, so that
the interest rate at which it can borrow appears fixed. In that case, the firm
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Figure 11-6
Determination of the level
of investment.

invests until it reaches the marginal project with P}’ = o in Fi
11-3. But then we saw that the firm might face a rising s:.? ;’yg?\i}:)?-‘ﬁ?ni Eéxggic
ule, spown in Fxgure_ll-4. It was this likelihood that led to the use of the
notation of the marginal efficiency of investment as a demand curve. Now
that we have seen why the marginal efficiency rule is not satisfactory, we
must ask, how should a firm facing a rising supply-of-funds schedule jointly
choose the level of the interest rate and the total amount of investment it
should undertake agplying the PV rule? The answer is fairly simple.

. The firm can build a PV function in the following way. First, choosf an
initial low ]evgl of total investment, iy. From Figure 11-4's supp’ly-of-fundq
schedule, the interest rate needed to finance i, can be determined. This in:
terest rate can then be applied to all possible projects to calculate P¥'s, and
the maximum PV obtainable within iy, PV,, can be plotted as in Figurc 11-6.
As the firm then increases i, repeating this procedure, PV should first risc
and then fall as the firm encounters a rising supply-of-funds schedule. The
firm sl_mou[d then sclect the level of investment, i,, that maximizes PV at
PV .. in Figure 11-6. The interest rate needed to finance this PV-maximizing
level of investment can be obtained from the supply-of-funds schedule. )

PV

e \

PV,

This procedure will yield ap equilibrium level of investment for any
given supply-of-funds schedule{ An upward shift in that schedule, corre-
sponding to an increase in the interest rate, will then raise the interest rate
needed to finance any given level of investment, reducing the total PV that
can be obtained with each i level. Thus, an increase in interest rates will
shift the PV function of Figure 11-6 to the left and down. reducing the
equilibrium level of investment under the PV rule. So with a rising supply-of-
funds schedule, an increase in the interest rate r will reduce cquilibrium i.
This gives the i = i(r) function of Part I1. f>

What we now have developed is a stdtic view of investment, in the fol-
lowing sense.[(gnce the equilibrium level of investment has been reached,
and if interest'rates and expected returns do not change, there will be no net

. investment beyond the current period. Firms will have. built the desired

level of capital stock to produce the expected returns, or sales: all future
investment will be to replace that part of the capital stock which wears out,
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There would be a further incentive to invest in future periods only if interest
rates dropped or if there were an increase in expected sales. Either of these
circumstances would raise to a level above zero the present value of projects
which were rejected in previous calculations. Thus, the static PV mode}
explans the amount of net investment that will bring the capital stock up
to the optimum amount needed to produce a given level of output at a given
interest rate. Once this desired capital stock is in place, there is no incentive
for further net investment unless the level of output or the interest rate
changes)It 1s the growth of output that induces continuing net investment,
We can’now turn to a more dynamic approach to the investment demand
functton that has been developed in the economics literature of the past
ten to fifteen years.

Investment Demand and Output Growth

The relationship between the growth rate of output and the level of net in-
vestment implied in the previous section is called the accelerator principle
since it suggests that an increase in the growth rate of output——an accelera-
tion—is needed to increase the level of investment, The PV criterion suggests
that this relationship between output growth and net investment is not a
fixed one, however. An increase in the interest rate should reduce the level
of net investment associated with a given growth rate of output. This variable
relationship between the growth rate of output and the level of net investment
is frequently called the flexible-accelerator model, which we will deveiop
1n some detail i this section.

There are two distinct and virtually independent steps in the develop-
ment of the flexible-accelerator model. The first involves the determination
of the leve? of desired capital stock, K%, We will approach this problem in
much the same way as we did labor demand in Chapter 6. The second step
is the translation of movements in desired, or equilibrium, capital stock into
a flow of realized net investment. This involves an investment demand funct
tion that includes both net and repl. investment with the appropriate
lags behind movements in equilibrium capital stock.

The second step here is really quite independent of the first. The invest<
ment demand function will show how in actual i arg
related to changes in equilibrium capital stock AKE. This makes no assump
tion about where K* comes from, which is the subject of the first step—th¢

production function approach to the determination of equilibrium capita)
stock KZ,

EQUILIBRIUM CAPITAL STOCK
‘We can begin with the general produ;mon function used in Part II,

o oy
N

y=y(N,K); o
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Here y is output per unit of time, N is man-hours input per unit of tlime, and
K is the capital stock—plant and equipment. Implicitly we assume here a
constant rate of utilization of capital stock so that there is a one-to-one
relationship between capital stock and machine-hour input. This assumption
will be relaxed later.

A firm will expand its plant size until the marginal product of capital
equals the real user cost of capital:

v

,'\‘
K
where c is the real user cost of capital. We will discuss this concept in more
deta ™" later, but for the present we can define it as an implicit remal value
assigned to the use of capital equipment, which includes both a depreciation
charge and an interest cost. Equation (10) says that a firm will reach an
equilibrium level of capital stock when the marginal product of capital
equals the real user cost of capital.

This can be seen in another way. The increase in revenue which a com-
petitive firm will obtain by adding another unit of capital. given its labor
input, is given by the price of output times the increment to output produced
by the increase in K:

l

i

C_.
5= (10)

=

AR oy
AK = (K’
The increased cost to the firm of adding another unit of capital is simply

the user cost of that unit,
AC

AK
As long as the increase in revenue is greater than the increase in cost from
another unit of capital the competitive firm will add capital. Equilibrium

=C.

.will be reached when

AR AC cy
=— and P
Ak Ak 'K
which is the same condition as equation {10). This marginal condition (10}
determines the equilibrium capital stock of the firm. '
Let’s take for an example a particular form of the production function.
known as the Cobb~Douglas function after Charles W. Cobb and (Senator)

Paul H. Douglas:

=C.

y=ak*N'"% )

 This production function has the property that the exponents of the
inputs add up to one, which gives constant returns to scale. H capital and
labor inputs are doubled, output will alse double. The marginal product of
capital in the Cobb-Douglas function is given by

v aaK*N'™* _ay

7KK K’
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If ’wevassux_ne that the ratio of the user cost of capital to the price‘ level,
C/P. remains fairly constant over time. we can rewrite this equation as

iy= %) Ay,
A\
This makes it clear that over the long run. with no trend in C/P. it is the
growtli of output, or demand. that gives us the levef of net investment.
. This relation between the change in output and the level of net investment
1s the accelerator principle. Tt introduces a basic dynamic relationship into
the model of the economy. Thus. if net investment is related to Ay by (18),
. - and net investment is also some given fraction—the net saving ratio s—of ¥

i, = sy,

then we have the basic growth relationship

2P
] Sy = (%) A-",

and
ar_ growth rate of y = — ) ’ (19)
¥ ) 2P’ )
C

Since investment increases the supply of output by increasing the capital
stock, but also is associated with the level of demund through the multiplier,
(19) gives the rate of growth of output that would maintain supply = demand.
Growth models are discussed at length in Part V. Here we are just interested
in exposing the link between investment and growth.
With the introduction of the accelerator we have moved into the dynamics
of the economy. We shall see shortly that the accelerator can create some
> - difficult dynamic stabilization problemsﬁSut first let’s look at total invest-
ment using the concepts of net and replacement investment we have de-
veloped. From equations (15), (16), and (17) we have

i) =1, +i, = AKE + 5K, (20)

putting aside, for the time being, the prqblen{ of lagged adjustment of actual

to desired investment. In the gemeral case, we can write the Investment .

equation as .
i, = AK¥y,C,P) + oK. (21)

In the Cobb-Douglas example, i, is given by
. 24Py
. . Iy = A(—CT’) + 6K,
) z&xdfm the special case where the real user cost, ¢, is fairly constant we have

=Z-A_\'+6K,
c

ly

the accelerator relationship.

«

shvrn 2

o
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Figure 117
The accelerator prin-
ciple of investment

THE ACCELERATOR AND STABILIZATION POLICY

The accelerator relationship in the gross investment function, equates
(21), poses an interesting _dlfﬁcuhy for §hon-run §labilizaxion policy, The
problem 1s iflustrated in Figure 11-7, whgch shows, in essence, what happens
to investment as output in the economy rises from one stable level to another,
In Figure 11-" we show two time periods, 0 to ¢,, and t, on, and a transition
period of unspecified length between the two, In th; f{rst period there is g
given level of output 3, which 1mplies a given equilibrium capital stock K
At ume 1,, the government increases government purchases g to stimylany
demand, and output and equilibrium capital stock move to new, higher levely
m the second period, from 1, on. Since the capital stock is constant both
before t, and after t,, the level of net investment is zero in each period, and thy
level of 1, is positive 1n each.

KE

In order for the capital stock to increase to its new higher level in ll!
second period, there must be a positive level of net investment in the trans|
tion period Thus is indicated by the bulge in i, between t, and t;. Since.
15 the sum of ¢, and 1,, this means that, during the transition pen?d, groy
investment demand 1, also has this bulge, shown by the dashed linc in Fignt
(r-7. TTus, torar investment 1 each period’is as dlows:

FromQtor,,
Fromt, tot,,
From t, on,

From Figure 11-7 it is clear that in the first part of the transition perio
the growth rate of total investment i, is greater-than the growth rate of!h
economy as a whole given by the slope of y. Thus, if the economy is runain
at less than full employment, as it was in the early 1960s, a monetary or fisc
policy change designed to bring the economy up to the full-employmet
growth path runs the risk of temporanly overshooting the desired growthi
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demand. Initially demand will grow at an apparently excessive and un-
sustainable rate due to the i, buildup needed to increase the capital stock
But after this initial period of rapid growth, net investment will fall off again
to its normal level in a growing economy. The important point to rccog;ize

is that the accelerator effect.will r: i i
. : -will produce a femporarily ra y
demand which will subside. ¢ ¥ rapid growth of

CAPACITY UTILIZATION AND THE ACCELERATOR

It should_ be cleag that the accelerator relationship may not hold if the
economy is operating with substantial excess plant capacity, that is. at a low
capggltx-utlllzatlon rate: In this case, the actual capital stock is greater than
equilibrium, so that an ‘increase in output can raise the equilibrium capital
stock up toward the actual existing stock with little effect on net investment.
T!lus, to the extent that substantial excess capacity exists, fiscal policy can
stlm.ulate demand without encountering the difficulty described in the last
section.

This qualification of the accelerator principle should be interpreted with
care, however. Much of what appears to be excess capacity at any one time
may actually be obsolete plant which embodies old, uneconomic technology.
In this case, a major increase in demand could be temporarily met by bringing
old plant back on the line, but after a while producers will replace this plant
with newer plant embodying up-to-date technology. Thus, the accelerator
effect might appear with a delay as an upsurge in replacement investment.

DEMAND CONSTRAINT AND THE ACCELERATOR

"In deriving the accelerator relationship between growth in output and invest-

ment, we began with a micro-level model of a firm that takes output y as
predetermined when it makes the investment decision. This is clearly not the
standard model of the competitive firm that we see in intermediate micro-
economics. There the competitive firm faces given prices, wages, and capital
costs, and makes output and input decisions simultaneously. This would give
us an investment function that included all relative prices, but not output.

However, at the macrolevel, it is clearly important to include output in
the investmenf function. Total sales in the economy are constrained by

.aggregate demand; the equilibrium P, y#point must be on the DD curve. One

way to enter output into the investment demand function at the micro level

" is to drop the assumption that the firms involved are perfect competitors.

In this case, the firm would face a downward-sloping demand curve relating
its P and y. Then the P,y combination in equation (13), for example, would

" be determined. Thus, to the extent that U.S. firms follow a monopolist,

oligopolist, or monopolistic competitor model, output could enter the invest-
jment demand function at the micro level.

"1 Perhaps a better approach to inclusion of output in the investment
*’ equation is deriving the accelerator relationship from a constraint on total

output. This has been suggested by Herschel Grossman. If total sales are



230 SECTORAL DEMAND FUNCTIONS AND EXTENSIONS OF THE STATIC MODE

constrained by the aggregate DD curve at the going price level, firms wil] s
y as predetermined when making factor input decisions. In this case outpy
would enter the investment function. This interpretation of the accele,
relationship 15 analogous to the disequilibrivm interpretation of the con
sumption function. Here, if prices are slaw to adjust, firms see a sales m;
stramt along DD. In the consumption case, if wages are slow to adpy;, ¥
worker-consumers see an income constraint along the labor demand cune

Agam, the disequilibrium view gives us 2 new interpretation of e
multiplier. Here, if there is an exogenous drop in demand, firms see demand.
constrained sales fall at the existing price level. As they cut back in facter
demand, this reduces investment directly and consumption through a drop
in employment. This feeds back on sales, tightening that constraint, and soog.
This is the fixed-price multiplier of Chapter 3.

Eventually prices and wages do adjust, though, and the system movesto
the equilibrium described in Part I1. But the disequilibrium approach gnes /
us 2 way 1o describe behavior out of equilibrium, and a useful view of both
the aceelerator and the consumption function. In Chapter 16 we will study
1n detail a full disequilibrium model with no wage ot price adjustment. Here
we continue m the flexible wage-and-price framework of the text.

The User Cost and Liquidity Effects

Let us return now to the coneept of the real user cost of capital, ¢, which was
introduced earher. It 1s through the user Cost that both the interest rate and
Qm\le'\'_e_lh_o(’pﬂﬁ\s enter our invesiment demand fu@gj‘——‘“‘
We Have aiready tentatnely dehned C as the nominal value of the
imputed rental of capital services used in each period. This is not a measurable
nput price such as a wage rate or total compensation per man-hour, since
\t}puzlly capital goods are bought in one period and then used over.a length
of time, not rented, as are labor services, This is the major difference b}\\ccn

the market for capital goods and that for other inputs, including fabor) that
makes capital theory,so complex and alse makes measurement of ¢apital
mputs very difficult. (In an economy free of slavery, firms do not buy libor.
that 1s. workers themSelves, firms ent labor servicesat a wage rate, a price
stated as a payment per time unit ol services rendered On the other hand,
since capital goods are gendrally bought at one point in time and then used
by their owners over a long period, there is no direct measurement of the
price of a machine-hour of service of a given quality. } all capital goods were
owned by persons (or firms) that rented, or leased, the goods® services to other
firms, and o firm used the capital goods it owned, we would have a satis
factory measure of the value of capital services—the user cost of capital—in
the rental rate. But this is not the case, so we have to construct a measurement
of the user cost C, using a large input of economic theory in the process
Suppose that a machine js purchased at price Py (I for investment). T_Eg
%’E_lh::ftmmm_ nents w hich make up the user cost of the good to its osfer1s
ch period of its Hife, R
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1. The first is the interest cost of the cupital good. which is the opportunity
cost incurred by tying up funds. This is the interest rate r times P,. 1f the
firm buys a machine for. say, $100.000, and the interest rate it could have
lent that sum at was 5 percent per year. then the firm is giving up an

~ opportunity cost of $5,000 per year that it could have carned in interest,

2. Next 1s_the amount the good depreciates in cach period, 8P,. If the
economic depreciation rate J is 10 percent, then the firm loses 10 percent
of the value of the machine a year in depreciation—S10,000 in the first
year on the $100,000 machine. '

3. Any change in the market price of the good once purchased enters into
user cost. If the market price of a new machine of the same model is rising
through time, this will pull the price of used machines up above the price
ghctatcd by the original purchase price less depreciation. This price
increases as a capital gain—a negative cost equal dP,/d1, the time rate
of change of P,.

Adding up these components. the imputed nominal uscr cost of a capital
good to its owner is given by :

C = rP' -+ (SPJ el ({P’,'-
di
or .
C=Plr+d-—Py, (22
where P, is the proportional capital gain:
dP,
p, =0

Equation (22) can be rewritten as
C=P,(r—ﬁ,+(5), -

to bring out the relationship of the user cost to the “real” rate of interest.
r — P.1f lenders and borrowers are concerned about the real, or purchasing
power, value of assets and liabilities. they will discount nominal interest rates
r for the expected rate of inflation P.Y[ the annual interest rate on a loan is 9
percent and the rate of inflation is 5 percent. the real rate of return. in terms
of purchasing power, is 4 percent. If both rand P go up by the same amount.
the real rate will not change, and lending. borrowing, and investing decisions
should not change. This will be the case if user cost is calculated as we show
in equation (22), since an gqual increase inrand P leaves € unchanged so

tb@mﬁwﬂﬂmum_mpmmodu&maﬂc%gf

The P term in (22) has been dealt with in several ways in the empirical
studies. It might be assumed that investors either-don’t-know-or-donlcare
‘what the anticipated capital gains will be when they consider purchasing a
‘caﬁﬁﬂwmm, term can be climinated from equation {22),

giving us

— C = Py(r + ). (23)
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This is the method used by Jorgenson and collaborators 1n several
(1963-1967) studses of postwar investment behavior. Since these studies used
data that ended in the mid-1960s, before the inflationary period that began
around 1966, this was probably not a bad approximation. If there is ik
variance in the P; term in the data. omuting it from a regression analysis
will not harm the results much
On the other hand, more recent work by Jorgenson and by Bischoff ang
others connected with the MIT-Pennsylvania-SSRC (MPS) model group
has approximated P; in equation (22) with a lag distribution on past price
changes This 1s on the theory that people form expectations of future price
changes essentally by extrapolating past changes. In addition, the MPpS§
formulation allows the P, term to enter equation {22) only if P has exceeded
some threshold value in recent quarters on the assumption that inflation
mugtgeach some mimmum rate before people “notice™ it.
¢ next important question to be answered about the user cost is what
determines the value of r, the imputed interest, or opportunity, cost of
capital n gquation (23). As we mentioned briefly earlier, a fir can raise
money for the purchase of new capital in three ways, by using internal funds,
by sellig bonds (debt), and by ssuing stocks (equity} In a world of perfect
competition and no tax biases, the imputed cost assigned to each of these
means of raising money would be the same, allowing for risk differential
In fact, however, because they assign extra costs to funds borrowed
outside the firm due to the fixed hability associated with bond sale or to the
dilution of control that comes from stock issue, firms are hikely to imputea
lower rate to funds raised inside the firm by relain'edn@ngs plus deprecia-

early

tion allowances than to the other two sources of fund; s, the interest rate,
or opportunity cost. used to compute the user coft of capital may bea
weighted average of the interest rates which apply to these three different
sQur unds, where the weights are the fra

from these alternatne sourcés™

(‘mlemal funds ) ( bond issue )
r=ur ]+ rp

tagal investment total investment

equity issue .
I P L A @
total investment
where

7y = the opportunity cost of lending the firm's retained earnings,

rp = an established bond rate such as Moody’s Aaa corporate bond rate,
and

rg = average earnings-price ratio on corporate equity.
Both 7, and re are assumed to be greater than ry!

y breaking down r into these three com nts we have introduced
prafits, or hiquidity, into the investment function. As profits increase, the
amount of internal funds available for investment inc(ease&]f the interest
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o L rate r; tmputed to internal funds is lower than the other rates. the increase in
: Lo proﬁt§ Wlll reduce the weighted average of all interest rates, 3¢ is shown in
S : ' equation (24), and this in turn will lower the user cost ofcapila%s isshown in
equanonr(23)§' lower user cost means that more investmentwill be under-
taken, so that' we have establighed a link back from profits to the level of
investment through the user c%

In the data on investmentsf is Vety difficult to see the effect of profits
on mvestment because profits are highly correlated with changes in output.
Yet surveys of businessmen indicate that profits are important to their
giec1sxons to mvest, and therefore it seems reasonable that profits should be

included as a determinant of investment demand.j

Lags in Investment Demand

At this point it may be useful to summarize the theory of investment demand
we have developed. First we have the investment demand function for
gross investment given earlier as equation (21),

iy =i, + i, = AK¥(y,C, P) + 6K, (25)

still_ignoring lags between changes in KE and movements of j,, one of the
subjegts to be dealt with in this section. Next we have the definition in
equation (23) of the user cost of capital, C,

C=Pir— Py + ),

which brings the interest rate into the picture. Finally, we have the expression
for the interest rate as a weighted average of rates on the three principal
sources of funds, -

r =Wy + Wplp + Wel'g, {26)

&
where the w’s are the fractions of funds raised internally (), by bond issue (D),
and by stock issue (£), and ) w = 1. Here the profit level enters the picture
since r, is presumably lower than ry and rp,. Up to now we have been dealing
with a static situation, with no notion of the time lags involved in changing
the level of capital stock. We will now take a more dynamic view of the
investment process, and look at some empirical results.

We can begin by regarding the demand for investment as a function of
two things: the real user cost ¢ of capital goods and the demand for the
output of the firm. y. That is, if the cost of capital goes up relative tp the
cost of labor, for a given output we would expect a firm to use more labor and
less capital in its production process, and we would also expect output to be
reduced. On the other hand, for a given cost of capital, if the demand for
output increases, we would expect a firm to increase its use of both capital
and labor to produce more output.

Let us suppose that a firm decides to invest in a new plant. It will survey
the variotis blueprints available for the new plant and choose the one which
Has a capital-labor ratio K/N that allows it to produce any given output ata
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Figure 118

Sudden increase inthe
capital stock trom an
increase i product
demand

minimum cost. Let us assume further that this new plant is a “puttyclay”
imestment. That 1s, the firm can choose between many blueprints with differ.
ent K/N ratios, so that the K/N ratio isvariableand K and N are substitutable
ex ante; the capital stock 15 “putly” ex ante. But once the plant is built, Capital
and labor must be used 1n the fixed proportions to produce a given level of
output as specified in the chosen blueprint; the capital stock turns into “dlay”
ex post. Thus, ex ante the firm’s capital--output and capital-labor ratios
are changeable; ex post they are fived.

Now we want to see what eflect changes in demand and changes in the
cost of capital will have on the actual insestment pattern of the firm, given
the putty-clay production function. First we look at changes in demand.
Since the output of the exsting plant is fixed ex post, if the firm expects the
new level of demand to be permanent and wants to respond to it, it will have
toadd toits plant immediately in the absence of excess capacity. This response
is shown mn Figure 11-8 The increment to output eventually raises the
equilibrium capital stock by AKE, raising replacement investment gradually
to A1, = 3{AK®). The increment 1o net investment along the i, cunve is added
to the i, curve 1o obtain the change in gross investment along the i, cunve in
Figure 11-8. Within a short period the total capital stock is increased by an
amount equal to the area under the i, curve. Because there is now a higher
equilibrium leve! of capital stock, there is an increase in the level of replace-
ment investment by an amount A, so that the path of total investment is
shownbythei, curve. The main pomnt here s that these increases in i, i,,and i,
all take place with a short lag due to the ex post fixity of output capacity
and the need 1o expand plant to meet demand.

&

_ Now let us suppose that the firm has the same original “clay™ plant, but
instead of a change 1 the demand for its product it sees a reduction in the
relative cost of capital, The principal effect of this change will be that the
firm will want to increase theamount of capital it uses relative to labor, thatis,
raise the K/N ratio. The firm will gradually replace its old plant with a new
Kinif of plant—a more capital-intensive plant with a higher capital-labor ratio.
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Figure 11-9

Gradual replacement of
the capital stock as a resuit
of a decline in the relative
cost of capital.

Figure 11-10

The effect of an increase
in output demand on
investment in equipment.

The result is that with a change in the user cost of capital there is a much
longer process of change than with an increase in demand, that is, there is a
longer lag until the change is completed as is shown in Figure 11-9.

Simulations of the effects of changes in output and the cost of capital on
investment expenditures on producers’ durable equipment (i,) are shown in
Figures 11-10 and 11-11. These are taken from the MPS model; most of the
investment equations there come from a study by Charles W. Bischoff.
Figure 11-10 shows the effect of a sudden increase in output demanded by
10 percent ($71.9 billion at the level of 1964 initial condition). The effect on
gross investment peaks at three quarters and levels off after five quarters.
This is the empirical counterpart of the i, path in Figure 11-8. Figure 11-11
shows the effect of a 10 percent decrease in the user cost. Gross investment
peaks at 20 quarters and levels off at 26 quarters or so. This is comparable to
the i, path in Figure 11-9.

As far as the long-run, steady-state response of investment demand to
changes in its principal determinants, r and y, is concerned, Bischoff found
that the long-run elasticity of investment demand with respect to changes
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Figure 11-11

The effect of a 10 percent
decrease i the cast of
capital on investment in
equipment
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'
n output 15 about umity, with a short lag, This implies a fairly constant
capital-output rauo over the long run since, with a lag, the capital stock
would grow at the same rate as output. BischofT also found that the long-run
elasticity of investment demand with respect to changes in the interest rate
1sabout — 0 5. In other words, if the interest rate on corporate bonds increases
from 7 to 77 percent, a change of 10 percent, we could expect a 5 percent
drop n investment over the long run, for example from $100 iilion to $95
billion, occurring gradually over a two-ito three-year period This is pre-
dicated, of course, on the assumption that investors see changes in the cost
of capital as permanent, just as they assume that increases in demand now
will continue into the future.

Investment in the Static Model

The nvestment demand function, equation (25), makes net investment a
function of changes in the level of output and the interest rate. We analyzed
the implications of this accelerator mechanism lor stabilization policy earler.
The level of replacement investment 1, depends on the preexisting level of the
capital stock 1f the economy is in equilibrium with a given r and ¥, the
exsting capital stock may be about equal to equilibrium capital stock K¥,
which 1n turn depends on the level of y and r. Thus, in the static model which

determines equiltbrium values of the variables, we can now write the invest-
ment function as

i), 5 < 0.5 >0, 2
r cy

replac1qg the t = «(r) function of Part IL. Here we are dealing with 2 static
model, in which replacement investment is a function of the leve! of output
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Figure 11-12 .
Modification of the
IS curve:i=i{r,y).

and the interest rate. An increase in the interest rate reduces equilibrium

. capital stock KF, .reducing replacement investment, so that (¢i/ér) < 0. An

increase in output raises KZ, so that (¢i/éy) > 0. We are not dealing with the

- accelerator discussed previously, since the accelerator depends on rates of

f'hange of income and we are dealing only with a change from one level of
income fo another.

By making i depend on y as well as r we change the slope of the IS
curve considerably. This is shown in Figure 11-12, which displays the four-
quadrant IS diagram with i = i(r, y). For every value of y, there is a different
investment demand curve in the northeast quadrant of Figure 11-12. As
income rises from y, to y;, the investment demand curve shifts up from
i{yo) to i(y,). This flattens the IS curve that gives r, y points that maintain
product market equilibrium. With i = i(r. ), a given interest rate drop will
stimulate a greater increase in product market equilibrium output than
with i = i(r), because the initial y increase pulls i up, which further in-
creases y. Thus with i = i(r, y), starting from ry, y, in Figure 11-12 an interést
rate drop to r, moves product market equilibrium y to y, along the solid
IS curve, with the i function shifting up to i{y,). With i = i(r), the equi-
librium output level would have increased only to y, along the dashed
IS curve.

A reduction in the interest rate now leads to an increase in investment.
and that in turn leads to higher incomes which lead to yet higher invest-
ment because of the shift of the i(y) function. We could even have an
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upward sloping IS curve if. i(r,») were sufficiently responsive to increase
in y. In Figure 11-12, if the increase from y, to y; caused the i(y) curve in
the northwest quadrant to shift much higher,“it can be seen by tracing
through the effects that the IS curve could be made to slope upward.

Stability and the Slope of the IS Curve

We can, again, derive an expression for the slope of the IS curve to examine
the effects of introducing the dependency of i on y into the picture. In
Chapter 4, with i = i(r) and the product market equilibrium condition
y=cdy—t)+il)+g. @)
the stope of the IS curve was obtained by differentiating (28) to obtain
dy=c(l = 0)dy +1idr
and
dr 1~c1 =1}
b e —— (29
dvlis i )
as the IS slope. Since ¢’(1 — '), the marginal propensity to consume out of
GNP, is less than one—perhaps 0.6—the numerator of (29) is positive and,
with 1’ <0, the slope of the IS curve of Part II was necessarily negative.
With i = i(r, y), the product market equilibrium condition becomes
y=ely—tO+iny) +g. ) (30,
Differentiation of this expression gives us :

oi 0Oi
= (1l — t')dy + = =—dy,
dy=c{l -1t y+6rdr+ayd),
so that the slope of the IS curve 1s now given by

fl.f
dls &

~ &
1-¢( -t~
oy

E—_ 7 31

or

Since di/dy is positive, the numerator of (31) is smaller than that of {29),
and the slope of the IS curve is flatter. If the sum ¢'(1 — t') + 8iféy is
greater than one, the numerator of (31} would be negative, and the IS
curve would be positively sloped.

Since ¢(1 —¢') is the MPC out of GNP, and di/dy is the marginal
propensity to invest out of GNP, their sum can be called the marginal
propenstty to spend out of GNP. It gives the increase in expenditure, or

- demand, induced by a given increase in GNP. If the marginal propensity
to spend is greater than one, a $1 billion mcrease in GNP leads to an in-
crease in planned expenditures of more than $1 billion, the IS curve is

'

.
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posntlvel.y sloped, and the economy can become unstable. This can be seen
by looqug at the multiplier chain of Chapter 3 as follows. In the Part II
mosiel w1_th. i=1i(r), and r held constant by an accomodating monetary
policy shifting LM, an exogenous g increase gave rise to a y increase of

dy =dg{l + c'(1 =)+ [c'(1 = )] +---}.

Since ¢'(1 — t') is less than one, this sequence converges; [e'(1 — )] ap-
proaches zero as n gets large. But now the sequence is

A ' ¥
dy=dg~{1 +[c’(l —t')+ﬂ] +[c’(l —t’)+i] +}
8}1. C_V

If the marginal propensity to spend-is less than unity the multiplier still
converges to 1/[1 — ¢'(1 — t') — (di/dy)]. But if it is greater than one, the
terms in brackets get larger and larger as the exponent n increases. A given
dg increase leads to a greater increase in spending, which leads to a greater
increase in income, so the economy is stable only if the interest rate in-
creases that come from holding M constant during this process choke off
investment enough to stop this upward spiral.

Fortunately, it seems from empirical evidence that the economy is stable;
the IS curve in fact has a negative slope. The empirical estimates discussed
in Chapter 10 suggest that the long-run marginal propensity to consume is
equal to ¢/y, which is about-65 percent of GNP. Thus, ¢'(1 — t’) might be
about 0.65. If the elasticity of investment demand with respect to output
is unity, as suggested earlier in this chapter, then

1Y
l=—-3,
oy i
so that
b oi _ i
ay y

and we can measure 9i/dy by the investment—GNP ratio of about 0.15.
Thus, the marginal propensity to spend might be about 0.80 (=0.65 + 0.15),
and the IS curve is negatively sloped.

FISCAL POLICY AND INVESTMENT

In Part II, under the assumption that investment was a fu.nction only of
the interest rate, i = i(r), we saw that while an increase in goyerm})cnt
purchases raises both y and r, it reduces the level of investment since /', or
difor, is negative. Now that we have expanded the investment function to
i = i(r,y), the effect of an increase mn government ‘purchascs on investment
is no longer unambiguous. What are the con(.imonS under which e;n in-
crease in government spending will lead to an increase in investment?
Graphically, we can locate in the r, y space the sets 91‘ r,y points lying
on trade-off lines—isoinvestment lines, conceptually similar to indifference
curves—which hold investment at a constant level as r and y change. Two
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Figure 11-13

Elfect of an increase in
government spending on
mvestment

such lines are shown by 1,ip and i,i, in Figurcy 11-13. The slope of the
1 hines can be obtained by differentiating the investment function i = ir),
holding 1 constant: ai 2

4

di=0=Sar+ay,
<y

ér

so that

Stnce &/éy > 0 and &/cr < 0, we know that the slope of these i lmes i
positive. An tncrease in investment is indicated by a movement rightward
across the # map—an wcrease 1n 3 with r held constant raises 1 simce
Hcy > 0.

The rule which we can now state just by inspection of Figure 11-13 is
that 1if at an imitial equilibrium (o, 7o) the igiy line is steeper than the LM
curve, an upward shift of the 1S curve due 1o an expansionary fiscal policy
will lead 10 a higher level of mvestment. In Figure §1-13 the shift of IS
from 1,5, to 1, S, due to an expansionary fiscal-policy action moves demand-
side equilibritm from ro. 1y 0 £y 1y, Stice the & curve was steeper at Fo.¥o
than the LM curve, the new equilibrium 1s on an #f curve, i,iy. that gives 2
higher level of investment than at the onginal equilibrium. The reader
should convince himsell that the reverse is true if the ir curve is flatter
than L3 at the inttial equiltbrium. .
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In general, if an expansionary fiscal policy step is taken when the eco-
nomy is slack and the initial equilibrium point lies along the relatively flat
part of the LM curve, the movement from ry, y, to 7y, ¥y will involve a
large increase in y relative to.r, and thus is likely to increase i. But if the
expansion begins in the relatively steep part of the LM curve, the r increase
will be large relative to the y increase, and investment is more likely to fall.

Conclusion: Investment Demand and Monetary and Fiscal Policy
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16 Demand for Money

The demand for money was introduced in Chapter 4 as the demand for real
money balances, m = M/P. There we suggested, in a fairly loose way, that
the demand for real balances could be divided into a speculative demand
component, inversely related to the interest rate, and a transactions demand
component, positively related to income and inversely related to the interest
rate. This gave us the demand-for-money function in Part II:

M
p=m= m{r, ¥) = l(r) + k(v), (1)

where 6m/6r is negative and dm/¢y is positive.

Since the 1930s, economists have developed the theory underlying the
demand for money along several different lines, each of which provides a
different answer to the basic question: If bonds earn interest and money
doesn’t, why should a person hold money? While the way the various theo-
ries answer this question differs, in general they come down to a demand-for-
money function similar to the one shown in equation (1).

In this chapter we will develop four prominent approaches to the demand

for money. The first is the regressive expectations model attributed to¥evnes

and described by Tobin in his article on liquidity preference.,’@grsgxﬁua\ Ty

says that people hold money when they expect bond prices to fall, thats;
interest rates to rise, and thus expect that they would take a loss if they were

to hold bonds. Since people’s estimates of whether the interest rate is likely
to rise or fall, and by how much, vary fairly widely, at any given interest rate
there will be someone expecting it to rise, and thus someone holding money.
The obvious problem with this view is that it suggests that individuals
should, at any given time, hold all their liquid assets either jn money or’in

243
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.

= E’ (2)
and, since the yield Y is a fixed amount stated as a percent ’

age of the bond’s
face value, the market price of a bond is given by > *

oY
P, =~ (3)

r-

it

_The expected percentage capital gain g is the percentage increase in
price from ghe purchase price P, to the expected sale price P;. This gives us
an expression for the percentage capital gain, g = (P§ — P,)/P,. From
equations (2) and (3). with a fixed Y on the bond, an expected pfice Pj cor-
responds to an expected interest rate, 1 = Y/P;. Thus, in terms of expected
and current interest rates, the capital gain can be written as

Y Y

|

’.t’ r

¥
p

g=

Canceling the Y terms and multiplying the numerator and denominator
by r gives us
r

g=—-1, . @

K
L}

as the expression for expected capital gain in terms of currentand expected
interest ratcs. For example, if the presént market interest rate iS5 percent,
and the purchaser of the bond expects the rate to drop to 4 percent, his
expected capital gain would be
0.05 1=125—-1=0250r25 t
=———1=125—-1=0.25,o0r ercent.
9= 004 P

The total rate of return on a bond—e for earnings—will be the sum of
the market rate of int\erest at the time of purchase and the capital gains
term. Thiss, e = r + g, and substituting for ¢ from equation (4), we have an
expression for the total rate of return ) ’

r .
LY . 5
_e‘rv+re.1 : (5)

THE INDIVIDUAL'S DEMAND-FOR-MONEY FUNGTION

Now with an expected return on bonds-given by.e, and with a zero return

. on money, the asset holder can be expected to put his liquid wealth into

bonds if he expects the return e to be greater than.zero. If the return on
bonds is expected to be less than zero, he will put his liquid wealth into

money.

et

e e v
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Figure 12-1
Indwidual s demand for
money tn the no-risk case

SECTORAL DEMAND FUNCTIONS AND EXTENSIONS OF THE STAY; +

In the regressive expectations model, each person is assumed to*
an expected interest rate r* corresponding to some normal long-tun ay,
rate. If rates rise above this long-run expectation, he expects them o
and vice versa. Thus, his expectations are regressive. Initially we will asgy
that his expected long-run rate doesn’t change much with changes in euey
market conditions.

The asset holder’s expected interest rate 7, together with the obseryy,
market interest rate r, determines his expected percentage return ¢, Gy
this, we can compute the critical level of the market rate r, r,, which vy,
give hum a net zero return on bonds, that is, the value of r that makes ¢=
When actual r > r,, we would expect him to hold all of his hiquid weals;
bonds When r < r,, he moves 100 percent into money. To find this cri
value of r,r,, we set the total return shown in equation (5) equal to z=.

and thus

F=

ST RS

Here r,, the value of the market interest rate r that makes e = 0, is given
UL+ 1)

This relationship betyeen the individual's demand for real balances 2
memm%mmmmmh
WM Jater developments will sh
as suggested in Chapter 4, that it is the demand for real balances, m=3
that depends on the interest rate. Since we are implicitly holding the gene
price level constant throughout this section, changes in real balances A
correspond to changes in M, so the picture in Figure 12-1 would be
same whether we label the axis M or M/P.

In Figure 12-1, when r is greater than r,, the asset holder puts all of
into bonds, so that his demand for money is zero. As r drops belowr,
that e < 0 and expected capital losses on bonds outweigh the interest 1
the asset holder moves his entire liquid wealth into money. This givest
demand-for-money curve for an individual that looks like a step fuact

T
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Figure 12-2

Critical interest rate, r.,
vs. the actual interest
rate, r.

When r exactly equals r.. ¢ = 0 and the asset holder is indifferent between
bonds and money. At any other value of r. the asset holder is either 100
percent 1n money or 100 percent in bonds.

) Up to now, we have assumed that the individual has a given expected
Interest rate r°, ‘that is not sensitive to changes in the market rate r. What
would h_appen if the expected interest rate * depended positively on the
current interest rate? Might an increase in present r raise r* enough to raise
r., thus increasing the demand for money?

Suppose ¥ = f(r), f* > 0, so that from expression (6)for r. we have

. ()
I+

Then if i’ < 1, we could plot r_against r as shown in Figure 12-2, where the
h(r) curve has a slope less than unity. Where h(r) crosses the 45° line, at r = r,,
r also is equal to r., and the person is indifferent between bonds and money;
he is on the horizontal segment of the demand curve of Figure 12-1. When r
is greater than ry, r is also greater than r, along /i(r), and the person puts his
entire liquid wealth into bonds. If r is less than ry in Figure 12-2, r is also
less than r,, and the individual is 100 percent in money. Thus, if ' < 1, the
individual’s demand-for-money function will look like that of Figure 12-1,
even with r* = f(r).
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What are the conditions under which i’ < 1, that is. dr.zdr < 1? Differ-
entiating equation (7) with respect to r, we have
dr, £ s
dr T+ f) [T 0]
- Simplifying this gives us .
dr. [1+ )10 = S0
dr 1+ )

and
an dr( fl(r) (8)

M= =asm
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Figure 123
Aggregate demand for
money in the no-risk
case

Since r* is presumably positive, so that the denominator of (8) is ertater
than one, a sufficient condition for i< 1 is that f'(r) = (dr*/dr} is less thay
one. Thus, the individual’s money dt d function will ble that of
Figure 121 if f°(r) < 1, that is, if an increase in the current market rate .,
raises ¢ by less than the i in r. Exp ions must be suffici y
regressive that movements in the current market rate cause smaller move.
ments in expected rates. I this is the case, the Figure 12-1 demand-for-mongy
curve will hold in this no-risk model where expectations concerning r* ane
held with certainty.

THE AGGREGATE DEMAND-FOR-MONEY FUNCTION WITH
REGRESSIVE EXPECTATIONS

The individual demand curves can be aggregated for the entire money mar.
ket as follows. Locate the individual with the highest critical interest rate,
7% in Figure 12-3. As the interest rate falls below that 785, he shifls alt
of his liquid wealth into money. As the interest rate drops, more individuat
r.’s are passed and more people shift from bonds to money. Eventually, r
will drop far enough that no one will want to y at liquid wealth into bonds,
and the demand for money will equal total tiquid wealth, ¥ I¥.

T~

Te

W P

Figure 124 shows the frequency distribution of the critical interest rates
The area under a frequency distribution equals 100 percent, and for any
level of r,, the area under the curve to the left of that ¥, gives the proportion
of people with r, less than that r.. The population average r, is shown asTe
in Figure 124, If r.’s are distributed among the population as shown in
Figure 12.4, that is few people having extreme r.’s and more people bunched
around a central 7., then the aggregate demand-for-money curve will
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Figure 124
Frequency distribution of
the critical interest rates.

Figure 12-5
The wealth effect on the
demand for money.

Te

have .the shape shown in Figure 12-3—more steeply sloped at the ends
than in the middle for a given aggregate liquid wealth, ) W.

AGGREGATE WEALTH AND THE INTEREST RATE

It should be noted that the actual demand-for-money function would be
flatter than the curve shown in Figure 12-3, which assumes ) W is inde-
pendent of r. In fact, as interest rates go down, aggregate wealth increases,
due to an increase in bond prices through equation (3). Thus. we would
observe for each drop in the interest rate a slightly greater shift into money
than that shown in Figure 12-3 because each individual would have more
“bond wealth™ to change into “money wealth™ as the rate falls. Each increase
in the demand for money is due to a wealth effect as well as:to an interest
rate effect.

This point is illustrated in Figure 12-5. The curves d,, d,, d, are each
drawn on the assumption of a given aggregate wealth ) W, shown along
the horizontal axis. Movement along any one demand curve shows the
effect of changes in the interest rate on the demand for money directly,
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but leaves out the effect through a _changc in 3 W. As interest rates fafl p
Y . q

curve, < .

“Suppose that at interest rate r, the demand for money B at poittt 4
All people with aeritical interest rate above r, hold money, and all peopk
with critical rates below r, hold bonds, giving a demand for money at "
Suppose, now, that the interest rate drops to r;. There is an increase m the
price, or value, of bonds, since that value is inversely related to the laelof
interest rate, as shown in equation {3) Thus, the demand for money increasss,
not to B on the old demand curve d; but to C, on the new demand cuned,

‘We can now see how the true demand-for-money function is traced by
following the effects of changes in the money supply, We have seen that the
demand for money depends on the level of interest rate. Suppose there isan
initial equilibrium point E where demand for money equals supply, and {h
interest rate is ro. Now the government decides to reduce the supply of
money to m, through action by the Federal Reserve Board. We know that
this will raise the interest rate. On the old demand curve dg the interest rate
would settle at r. However, because interest rates are increasing, thers is
a shift in the demand curve to d,. Interest rates rise from rg and at the same
time demand shifts until a new equilibrium interest rate is reached at r,,
which equates demand and supgly. This gives us a new equilibriunt point, C,
Should there be a further reduction in the money supply, the same process
would be repeated until a new equilibrium level of r, were reached at 4
A feversal of the process, whereby the money supply shifted out from m,
to m, to m, would give the same equilibrium points 4, C, and E. Thus, by
connecting all such equilibrium pomnts the demand for money curve which
incorporates both interest rate and wealth effects can be described.

Figure 12-5 should make 1t clear that as the interest rate drops, there
are countinuing increments to liquid wealth, so that as the interest rate
approaches zero, liquid wealth approaches infinity. In other words the
demand curve becomes flatter and flatter as r decreases, eventually ap-
prggclhing the minimum r, value asymptotically in this static expectations
model.

Thus, the regressive expectations model yields a demand-for-money funt:
tion that looks much like the one we have been using so far in this book, At
interest rates fall, the increases, and the demand corve i
ikelytobe convex, i el Alcde !

will bring increasing increments in the demand for money.
’mf?e_wmmm—z—rm—‘ﬁy' o Edcsolsaysm.owevcr. In the firs
place, if the money market remained in equihbriumm [or a Jong enough period
" people should begin tp adjust their expected interest ratgs to correspond i€
the actyal prevailing interest raté, They would all tend to adopt eventuall
the same critical interest rate as time passes, so that the aggregate demant
curve for the entire money market wauld increasingly Jook like the flat curvi
of Figure 12-1, instead of the negatively sloped demand curve with a variet

Tﬁ; ‘
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for money developed by Tobin.

-

of criticz_il rates shown in Figure 12-3. 1 his_implication_of the regressive
expectations model-that the efasticity ol demand for money with'respect to

changes in thg interest rate is increasing_over time—is not supporied By~
emprical stud - ’ ’ y ’

Secondly, if we assume that people actually do have a critical interest rate
as shown in Figure 12-2, then the clear implication of the model is that, in this
two-asset world, individuals hold either all bonds or all money, never a mix
of the two. The negative slope of the aggregate demand curve is due to the
fact that people disagree about the value of ¥, and thus in their criticatrates r.
In fact, however, individuals do not hold portfolios consisting of just one
asset. In general, portfolios hold a mixture of assets; they are diversified. An
explanation of this result—that people hold both money and bonds at the
same time—can be found in the portfolio balance-approach to the demand

The Pertfelie Balance Appreach

“joure 12-6
* -Probability distribution of
expected gains.

The portfolio balance approach begins with the same expression for total
percentage return e that we developed in the last section,

e:l‘-*—g. ‘9)

In that section we assumed that the percentage rate of expected capital gain.
given by .

-1, (10)

is determined with certainty by the individual; he chooses r* as a function of r,
and no consideration of uncertainty, or risk, enters the problem. The basic
contribution of the portfolio balance approach is to enter risk considerations
explicitly into the determination of the demand for morncy.

THE PROBABILITY DISTRIBUTION OF CAPITAL GAINS

Rather than some fixed expected capital gain, here we will assume that the
asset holder has a whole spectrum of expected capital gains, each with a
probability of its occurrence attached. Such a probability, or [requenc,u
distribution-of expected gains is shown in Figure 12-6. Each possible value
of capital gain g has a probability f, attached to it. If one-askes the asset




52

g
\—SJECTORAL DEMAND FUNCTIONS AND EXTENSIONS OF THE STATIC MODEL

gure 12-7

Merent risks for bonds
th the same expected
t

holder what the probability is of achieving a gain greater than g, say, 15
percent, his answer will be the area under the probability distribution to the
right of g. Thus, the asset holder is not certain of the value of g he expects, but
has an implicit distribution of these gains around some central value—the
average, of expected gain, 7.

I the probatulities of capital gains are distributed “normally"—according
10 the familiar symmetrical bell-shaped distribution shown in Figure 12-6—
then we have a natural measure of uncertainty, or tisk. This measure is the
standard deciation, 6,, of the probability distribution of capital gains. To
find the standard deviation of expected gains, g, we can focate the two points
symmetrically opposite each other on the normal probability distribution
that have the following property: The area under the curve between these
two points 1s two-thirds of the total area under the curve. Given the shape of
the normal curve, these points are also the inflexion points of the curve, where
it turns from concave to convex. The standard deviation of the probability
distribution, g, is the distance between either of these two points and the
mean of the distribution, 7. The statistical significance of o, is that, since two-
thirds of the area under the curve is between the points § — 0, and  + g,
the asset holder has a 66.7 percent chance that the actual g will turn out
between g + g,. Thus. if § = 10 percent, and o, = 2 percent, the investor has
a two-thirds chance that actual g will be between 8 and 12 percent.

That the standard deviation is a natural measure of the riskiness of bonds
can be seen by considering the two probability distributions, both with the
same g, shown 1n Figure 12-7. The narrow distribution, f;, illustrates a case
in which the asset holder is very certain of the gain—it has a small g,. The
wider distnbution f, shows a case in which with the same central expected
gam g, the mvestor has a very uncertain estimate of the gain: thus, o,, is
greater than a,,. If we can identify riskinexs with uncertainty, o, is a measure
of the nsk of holding iqmd assets in bonds.

Now in place of a mum.expcc(cd with certainty, e, we have an expected
return, g, where

E=r+yg, {n

and g is the mean expected capital gain from the probability distribution of
Figure 12-6. If the asset holder is putting B dollars of her liquid assets into
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bonds, her expected total return Ry is then

Rr=B-2=B-(r+3g). (12)

Similarly, if the standard deviation of return on a bond is G, a number like

2 percent, and all bonds are alike, then the total standard deviation of bond
holdings is given by

6r=B-g, (13)

THE INDIVIDUAL'S PORTFOLIO DECISION

Equations (12) and (13) give us the technical situation facing the asset
holder-—the budget constraint along which he or she can trade increased risk
o for }nf:reased expected return Ry. They also give the investor a tormula
fo'r deciding how much funds to put into bonds to achieve a given risk-return
mix along the budget line. From (13) we have

Gr 1

B=—=—g¢-.

., o, or (14)
With ¢, fixed by the asset holder’s probability distribution, (14) gives the
total bond holdings B needed to attain any given level of risk o7. Using this
expression to replace B in (12) gives us the budget constraint,

RT’———?‘("‘*‘?):UT('.:?)- (15)

) g

Here r is a known current value, fixed, at least to the individual, by the bond
market. The investor knows g and ¢,, at least implicitly, from the probability
distribution of g's in Figure 12-6. Thus, the expression in parentheses in (15)
is a given, determined number which gives the constant rate of trade-off
between return Ry and risk o7. Differentiating (15) we have

dRy r+g

_ 16
= (16)

If ris, say 5 percent, 7 is 10 percent, and g, is 5 percent, then dRr/dor will be 3.
In this case, an increase of one percentage point in the standard deviation in
the total portfolio o7 will buy a 3 percent increase in expected total return Ry.
The budget constraint (15) for an individual asset holder is shown in the
top half of Figure 12-8. The standard deviation of the total portfolio, o7, is
shown on the horizontal axis. The vertical axis above the horizontal axis
measures the expected rate of return on the portfolio, Ry. The straight l§ne
in the top half shows the trade-off between risk and expected return which
faces the individual. Its slope, derived from equation (16), is (r + g)/c,-
Each of these terms, and thus the slope of the budget line, is fixed for each
individual. ] o ]
The length of the vertical axis below the horizontal axis in Figure 12-8is
given by the total liquid wealth W of the individual. The distance from the
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creased nsk for
return
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ongm along this axis gives total bond holdings B; the distance from W{=
1% — B) gives money holdings M. For any given value of o we can locate the
value of B by muluplymng by 1/, from equation (14), or reflecting it from
the Ime wth slope 1/g, n the bottom half of Figure 12-8. Thus, once we
locate an optimum return-risk point along the budget line in the top half of
Figure 12-8, knowing g, we can determune the corresponding portfolio mix
of B and M m the bottom half of the diagram

In order to locate the individual's equilibrium risk o7 and expected rate
of return Ry we must confront the technical budget constraint of Figure 12-8
with the individual's utility-function trade-off between risk and return.
These preferences are represented by indifference curves such as those used
m our analysis of consumption and investment. The shape of the cune
depends on the nature of the mvestor's preferences between risk and retum.

Tobin distinguished three kinds of preferences that an individual might
have. These are shown in Figures 12-9 through 12-12. The first three figures
represent rish arerters. In these cases the indifference cunves have positive

_ . _
Re L Ry

To

I3

oy 0 or ] T

w
Figure 12-9
The “dwersitier s*
portfolio selection between
nsk and return

w A

Figure 12-10 > Figure 12-11

The * plunger's’ portfolio The “ptunger’s” portiolio
selection all money selection- all bonds
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igure 12-12
1e “‘risk lover’s™ port-
lio selection.

Us

Up

[=]
K

w

s]ope:s, .indicating that the person demands more expected return in order to
be willing to take more risk. Figure 12-12 (above) shows the indifference
curves of a person who might be called a risk lover. The slope of his indiffer-
ence curves is negative, showing that the risk lover is willing to take less
return in order to be able to assume more risk.

The indifference curves shown in Figure 12-9 are representative of a
subclass of risk averters known as diversifiers. As risk increases by equal
increments the diversifier demands increasing increments of return, so that
his indifference curves are convex to his budget line. As usual in this kind of
analysis, the diversifier will attempt to reach as high an indifference curve as
possible, given his budget constraint. Thus, the expected return and risk of
his portfolio Ry, 67 will be determined by the point of tangency of the budget
line with the highest possible indifference curve. Given the convex shape of
his indifference curves, the diversifier is likely to reach an interior equilibrium
at ¢3¢ holding both bonds B, and money M,. Only part of this person’s
total wealth is put into bonds. This is why he is called a diversifier. Thus, in
the case of the diversifier who demands increasing increments of return to
induce him to take on constant increments of risk, the portfolio balance
approach does away with the all-or-nothing version of the demand for money
shown earlier in Figure 12-1.

Figures 12-10 and 12-11 show the indifference curves representative of a
subclass of risk averters called plungers. The plunger will either not put his
wealth into bonds at all, or will put all of his wealth into bonds. In Figure
12-10, the plunger’s indifference curves are steep relative to the budget line,
so that he holds all money and no bonds. If his indifference curves are flat
relative to the budget line as in Figure 12-11, he will hold all bonds, no money.
This behavior would be consistent with the earlier regressive expectations
model, but not with reality for most asset holders. Finally, Figure 12-12
shows the utility curve of the risk lover. He will attempt to maximize risk
and thus he, too, will put his entire wealth into bonds. ‘

Since we observe empirically that the world is characterized by diversifi- -
cation, we can conclude that, in terms of the portfolio balance model, most.
asset holders are diversifiers. Thus, the situation shown in Figure 12-9, with
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Figure 12-13
Partioho selection with
fising irterest rates

indifference curves representing increasing rish arersion, is the basis for th
portfolio balance model of the demand for money.

THE AGGREGATE DEMAND FOR MONEY IN THE
PORTFOLIO BALANCE MODEL

We can now derive a demand function for money by varying the interest ry
1t Figure 12-9 and foll, g the ch: in the allocation of liquid weshy
to bonds and money, particularly the latter. What happens in this modd
when nterest rates nise? The result is shown in Figure 12-13. Since the slope
of the budget tine 15 (r + §)/o,. as r increases from ry to ry to ry the slope
ncreases, and the line rotates upward. Atany given level of risk, return will i
increased as r nses. As r increases, the budget lme touches successively
higher indifference curves This traces out the optimum portfolio curre coo-
necting the points of tangency, shown in Figure 12-13. As r increases froma
sery low value, the diversifiers” tangency points move up and to the nght
increasing both the expected rate of return and risk.

Ry

/

AN




3

“\THE DEMAND FOR MONEY

) 257

’

Figure 12-14
Demand for money.

o3 in Floure 313 ot e ress i optimum risk from of t0 ot to
0 g ! ontinuing equal increases in r give
successively smaller increases in the amount of wealth put into honds. This
is shown as B rises from By, to B, to B, in Figure 12-13, If, as r rises by con-
stant increments, B rises by decreasing increments, then the demand for
money must decrease by progressively smaller amounts as r increases, since
B + M equals a fixed W. This relationship between M and r is shown in
Flgpre 1.2-14, which is simply the same demand-for-money curve that we
derived in Chapter 4. Along this demand-for-money function, a given drop
i r, measured by Ar in Figure 12-14, gives a bigger increase in the demand
fo_r money at a low interest rate—f{rom point two to point three—than at a
high interest rate—from point zero to point one.

AL [T

— =D
sTFIIEITIS
Lt 1 ; m(yp) M
01 2 3 P

The demand-for-money function of Figure 12-14 is drawn as m(y,),
assuming a given level of real income. This is because the portlolio balance
model is basically a theory of the speculative demand.for money. It analyzes
the allocation of a given amount of liquid wealth to bonds and money
depending on interest rates and expectations concerning the return and risk
on capital gains. No reference is made in the model to a transactions demand
for money. Thus, the portfolio balance model gives us a more satisfactory
theory of the speculative demand for money than does the regressive expecta-
tions model, particularly in its explanation of diversification. In the next
section we will review briefly the inventory-of-money approach to trans-
actions demand that has been developed by Baumol and Tobin. But first,
jet us look at the effects of changes in expected capital gains g and risk
estimates o, in the portfolio balance model.

An increase in expected capital gains g will have the same effect as an
increase in the interest rate, rotating the budget line up and increasing the
amount of liquid wealth held in bonds, decreasing the demand for money
at any given interest rate. This would shift the demand curve in Figure 12-13
to the left; at any r, the demand for money is decreased. o

What happens if estimates of risk change? The standard deviation g, of
the probability distribution of Figure 12-6 may increase due to increasing
uncertainty. This increase would rotate the budget ling in the upper haif of
Figure 12-13 down (smallér slope) and also rotate the line in the lower half
up by reducing 1/g,. Since 67 = B - g,, an increase in ¢, means that the
amount of bonds B yielding any given total risk falls. The increase in ¢, thus
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reduces bond holdings B in two ways In the upper half of Figure 12.43 the
downward rotation of the budget ine reduces desired risk o7. Evenwith e
ongmal o, value, a reduction in 67 would causea dropin B. But the addujony
effect of the increase in o, rotating upward the /g, hine in the botton yt
of Figure 12-13, would lurther increase the drop in B needed to reduce towt
nisk o5 while risk per bond g, 1s rising

Tobin's model of portfolio balance provides a much firmer ground forthe
speculative demand for money by explaining why rational individual ase
holders might hold their portfolios distributed among seseral assets of
differing riskiness and expected return It also explamns why the speculatie
demand for money should be inversely related to the interest rate, in the say
that was assumed 1n Chapter 4. We will now turn to the transactions d:m:mﬁ
to see that 1t, too, should be sensitive to interest rate changes.

Demand for Money

In Chapter 4 we suggested that one principal motive for holding money isthy
need to smooth out the difference between income and expenditure streamy
This transactions motire hes behind the transactions demand for mong
which is related to the level of income. The alternative to holding money
which 1s the means of payment and earns no return, is bonds, which eamy
return but also tncur transactions costs—brokerage fees—as one movg
from money received as pay to bonds and back to money to make expend.
tures In Chapter 4 we suggested that the higher the interest rate bonds esm,
the tighter transactions balances should be squeezed to hold bonds, givingthe
transactions demand some degree of sensitivity to interest rate changes Here
we can develop this point a bit more thoroughly.

Suppose an individual 1s paid monthly and spends a total amount ¢ f
carned income in purchases spread evenly throughout the month. He orsh:
has the option of holding transactions balances in money or in bonds whics
yield a given ro. if held for a month. and proportionately less than 7, |
they are held for a shorter period. The first question we want to ask 1 hoy
frequently should he convert bonds into cash? That is, how many bonds-t
cash transactions should be planned, where n is the number of transactioss®

THE OPTIMUM NUMBER OF TRANSACTIONS

To begin on the revenue side, if an individual plans no transactions, thea be
or she holds no money during the period. makes no bonds-to-cash trans
actions, and earns roc return Next, suppose one transaction ts made, pultrg
half of ¢ into bonds which he holds half the month. In this case total revenie
R from interest will be 7,/2 times ¢/2, or {roc)/4, as Shown in Table 124
Marginal revenue (MR) from the increase in transactions from zero 10 0%
is also (roc)/4.

If two transactions are planned, two-thirds of ¢ can be put nto bonds
imtially. Ten days into the month, half the bonds—one-third of c—cank
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Table 12-1

Marginal Return from Increasing Transactions
from Bonds to Cash

Number. of Total Marginal
Transactions Revenue Revenue
() )] (MR)
0 0
. e e
4 4
2 re e
3 12
3 3r,c e

24

cashed. Each bond will have earned ro/3, giving revenue on this third of ¢
equal to (roc)/9. Ten days later the other half can be cashed having earned 2r/
3 per bond or (2ryc)/9 revenue for this third of ¢. Total revenue in the two-
transaction case will then be (ryc)/9 + (2ry¢)/9 = (roc)/3. The increase in
revenue, MR, over the one-transaction case is (roc)/12, as shown in Table 12-1.

In the three-transaction case, one-fourth of ¢ will earn interest for one-
fourth of the month, yielding (ryc)/16, one-fourth will earn for half the month,
yielding (2ryc)/16, and the final fourth will earn interest for three-quarters of
the month, yielding (3rqc)/16. The total revenue in this case is (6r4¢)/16, or
(375¢)/8. MR in the three-transaction case is (rqc)/24.

This example is sufficient to establish that the marginal revenue from
increasing the number of transactions is positive and decreasing as the num-
ber of transactions n increases. Furthermore, looking at the differences in the
MR column in Table 12-1, we can see that as n increases the drop in MR
decreases. This gives us the MR(ry) curve in Figure 12-15, which shows
marginal revenue as a function of the number of transactions » for the given
initial interest rate r,.

On the cost side, we'll assume each transaction has a given cost t¢, perhaps
a broker’s fee or the implicit cost of time spent transacting business. Then we

-can add a (marginal cost) MC = t¢ schedule to Figure 12-15. Combined with

the initial MR(ro) curve. this gives a profit-maximizing number of trans-
actions ng where MR = MC.

For any given number of transactions, such as n, in Figure 12-15. an
increase in the expenditure stream ¢ will increase average holdings of both
money and bonds during the month. If the expenditure stream is smooth.
so that total transactions balances of B + M equal ¢ at the beginning of the
month and zero at the end, then the average total holding is ¢/2. The number
of transactions tells us how that ¢/2 is split between money and bonds. Thus.
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number of transactons o 1

an increase in expenditure, or in general an increase in the flow of reat
income and output y, will raise the transactions demand for money.

THE INTEREST ELASTICITY OF THE TRANSACTIONS DEMAND

From the example in Table 12-1, it should be fairly clear that an increase in
the number of transactions increases the average bond holding during the
month and decreases the average money balance. At one extreme, with zero
transactions, no bonds are held and'the average money balance equals 22
With a very large number of transactions, very little money is held, and
average bond holdings approach ¢/2, -

Now the marginal revenue curve in Figure 12-15 is positioned by a given
Interest rate r,,. The marginal revenuc entries in Table 12-1 all have rin ther
numerators, so an increase mn r from ry to ry will increase AR for any given
number of transactions, shifting the MR curve up to MR(r,) in Figure 1215
With no change i the cost per transaction, this increases the optimun
number of transactions to n,. The increase from y to n, is made in orderto
increase average bond holdings to take advantage of the higher r. X

Thus, an increase in the interest rate should reduce the transactions
demand for money for any given level of the income expenditure stream
Thus takes us back to the demand-for-money function of Chapter 4,

M om om
2 BV il 17
3 m(r.y); - <0, 3 >0 {
The transactions demand for money should respond to a change in the
interest rate through a change in the number of bonds-to-money transactions.
The speculative demand should respond to a change in r due to portfolio-
balancing considerations. Both effects are combined here in the partia!
derivative of (17), émj2r.

-

-
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~ This fungnon is very close to the one we developed in Chapter 4. The only
important difference is the inclusion of the rate of inflation, P, in the demand
function. It should be rioted that (21) suggests that the level of the demand for
real balances depends on the expected rate of inflation. Thus. if the cconomy
shifts from a 2 preent rate of inflation to a 4 percent rate, the demand for
money in the static model will shift down to a new level, and the demand for
consumer goods will shift up. But once the demand function has shifted. the
economy will reach a new static equilibrium unless there is another changein
the rate of inflation. Thus, adding P to the demand function will not greatly
affect the qualitative nature of the static model unless substantial variations
in P are expected.

THE VELOCITY OF MONEY

From t}_1e demandjfor-money equation (21), we can convenicntly develop an
expression for the income velocity of money, © = v/m. Replacing M/P in (21)
by m and rearranging terms we have the expression for velocity.

= J—, [ —
m  k(r,P)

Since ¢k/Cr and &k/¢P are both negative, ¢v/ér and ¢c/¢P are both positive.
An increase in either the interest rate or the rate of inflation should cause
people to economize on money holdings since these are the rates of return
on the alternative assets, bonds, and durable goods. This would result in an
increase in velocity as money demand falls relative to GNP.

In the long-run U.S. data, the velocity of money seemed, on balance,
to decline along trend up to World War II. Since then it has risen, along with
interest rates, fairly steadily. This suggests that, over the long run, the ratio
of y to m is rather stable, as is the ratio of consumption to income, ¢/y. The
question of the relative stability of the y/m ratio v and the ¢~y relationship is,

3

= t(r, P). (22)

" as we will see in Chapter 14, one of the points at the heart of the Keynesian-

Monetarist controversy.

If the short-run elasticity of v with respect to changes in interest rates were
very low, we could approximate v(r, P) in (22) by a constant 7, giving a direct
relationship between movements in m and y: p=Tm. However, there is
substantial empirical evidence that the interest elasticity of thc demand for
money is not insignificant in the short run. This suggests, through equation
(22), that the interest elasticity of velocity is not insignificant so that. in fact,
both the product and money market equations are necded to predict move-
ments in nominal and real GNP. We will return to this point in some detail
in the discussion of monetary and fiscal policy in Chapter 14.

~ Empirical Estimates of Income and Interest Elasticities

In the absence of substantial shifts in expected rates of inﬂation,_which are
not fully compatible with a static modcl of income determination which
deals with movements from one equilibrium price level to another, the
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Figure 12-16
The adjustment path of
actual holdings of AP

demand-for-money function that emerges from the analysis of this chaprey
1s the familtar
M

F:m:m(r,,\) iy
of Chapter 4 }
The 3 term in the demand function represents transactions demand ¢r,

in Friedman’s terms, the increasing demand for money as a producer's ang

consumer’s good. through an income effect, as income rises, The r ferm |

represents the interest elasticity of both the transactions demand for money
and the speculative demand through Tobin's portfolio-balance model [;
also represents a potential substitutability against bonds in production and
consumption decistons.

There have been many investigations into the values of the elasticities of
the demand for real money—currency plus demand deposits, M,, or M,
plus time deposts, M ,, deflated by the price level P as in equation (23)—wrh
respect to interest rate and income changes. And there are many continuiag
controersies concerning the values of these elasticities and the proper form
of the demand-for-money function. Howeser. representative elasticities of
the demand for real balances from Goldfeld’s 1973 article are about 07
with respect to changes in real income, and —0.25 with respect to changesinr
Here r 1s a short-term interest rate—a 3-month commercial paper rate. 2
3-month treasury bill rate, or a time deposit rate. With the money stock M,
at about $320 billion in 1977, GNP at about 51.9 trillion. and the shont-
term interest rate at about 5 percent, these elasticities imply that a $30
billion GNP increase—1.1 percent—would raise the demand for money by
about $2.5 bitlion. and a I-point drop in short-term interest rates—X
percent—would increase the demand for money by about $16 billion.

Most demand-for-money estimates suggest that demand changes lag
shightly behind interest rate changes. Thus, if interest rates fell from 5104
percent, causing an increase of $15-20 billion in the desired holdings of
moncy. the estimates suggest that about 30 percent of a discrepancy between
actuat and desired money holdings would be eliminated in onc quarter, 5
percent in two quarters, and 75 percent in a year. This means that if an
mcrease in v or decrease in r increases the level of desired equilibrium reat
balances from (M/P), to (M/P)* at time t, in Figure 12-16. the path of actual
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Figure 12-17

Long-run and short-run

demand for money and

effects of an increase in
the money supply.

holdings of M/P =m would tend to follow j
towarq the ﬁ{lal desired level of real balanlc?es, (t}I\]; /I(’j)z.]"fhed adjustment pach
_Th1s partial adjustment pattern leads to the same kind of overreaction
of interest rates to changes in the money supply that we see in traditional
microeconomic analysis, in which demand changes yield larger short-run
than long-run changes in prices, and vice versa for output. In Figure 12-17
the dpmand for money curve M( yo) is the long-run curve reflecting the long-
run interest elasticity mentioned above as about —0.25. The intersection
pﬂ M(y,) with the given initial money supply, (M/P),, at point E,, gives an
initial eqmllbr_ium interest rate rq. Through E, we can also draw a short-run
d?mand fupctxon m(y,) that reflects the partial short-run adjustment mecha-
nism of Figure 12-16. This shows the one-period reaction of demand to

interest rate changes, while the M( y,) curve shows the long-run relationship
between M/P and r.

Now if the money supply is increased to (M/P), the interest rate will
initially fall to r, along the short-run m(y,) function, holding y constant
throughout this partial analysis, that is, assuming a vertical IS curve. As
time passes, and the actual demand shifts up toward equilibrium along the
dashed path of Figure 12-16, the interest rate will rise toward r,, with the
short-run demand function shifting up, shown as the dashed short-run
functions of Figure 12-17. Eventually, holding y constant at y,, the interest
rate will settle at r,, rising from the short-run level of ry, but below the initial
equilibrium rq.

If the level of income has also risen during the process as the LM curve
shifts along an actual nonvertical IS curve, ‘the interest rate will end up
higher than r,, on a higher M(y,) function, but lower than the initial ro.
Thus, since the demand for money is less elastic in the short run than in the
long run, due to the partial adjustmeht process of Figure 12-16, we can
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'fhflt_, Wwhere reserve creation by open market operations comes at the Fed’s
initiative, an Increase in bor_rowed reserves at the discount window comes
at the banks Initiative. This distinction will be important in the money
supply model we develop later in this chapter.

Open market. and discount window operations both affect the money
supl,nly by changing the level of reserves with a given reserve ratio z. The
Fed’s thlrd_ way to operate on the money supply is through changes in the
reserve ratio itself. With z at 0.2, $40 billion in reserves will support a $200
billion money supply (200 = 40/0.2). An increase in the reserve ratio z to
0.25 would reduce the money supply supported by the $40 billion reserve
base to $160 billion = (40/0.25). Thus reserve ratio increases amount to
what is called effective reserve changes, changing the money supply that can
be supported by a given amount of reserves.

The Fed tends to use its three policy instruments—open market opera-
tions, the discount window, and the reserve ratio—for somewhat different
purposes. Open market operations are the technique used for day-to-day
control of the money supply, or, more generally, credit conditions. If interest
rates are rising faster or higher than the Open Market Committee desires,
given the position of the economy, the manager of the open market account
can buy bonds, shoring up bond prices and keeping interest rates down.
This operation increases the money supply. Or, focusing on the money
supply, if it is growing less rapidly than the Open Market Committee
wishes, the manager can also buy bonds. These operations are conducted
every day by the manager, and provide the Fed with a continuing, relatively
unpublicized, way of controlling the money supply.

Discount window operations provide banks with the opportunity to
acquire reserves in a pinch, within the context of overall credit conditions
set by the Fed. Discount operations thus contribute to the degree of con-
trol over the money supply exercised by the banks.

Finally, reserve ratio changes are used by the Fed as an overt, well-
publicized move to change effective reserves in a major way, as opposed to
the normal, more continuous changes generated by open market operations.
Thus, changes in the reserve ratio signal a major shift in the Fed’s monetary
policy, and serve as a warning of the change to the financial community.

In general, banks create deposits on which no interest is paid, in order
to make loans on which interest is earned. The deposits are created in the
process of making the loans; a loan is credited to the borrower’s account.
Thus, the incentive to increase deposits lies in the possibility of making
profitable loans. When loan demand by potential borrowers falls off, banks
may not create deposits up to the full limit that reserves would support.
Thus, they may, from time to time, have on hand excess reserves. On the
other hand, when loan demand is particularly strong, banks may borrow
reserves at the discount window to support the additional deposit creation
that accompanies the increase in loans. This degree of freedom that the
banks have to hold excess reserves or to borrow reserves makes the money
supply responsive, to a certain extent, to loan demand and the interest rate.
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When loan demand is strong and interest rates are high, the banks wil]
squeeze excess reserves and increase botrowing at the discount window,
wcreasing the money supply supported by a given amount of unborrowed
resertes supplied by the Fed. Thus, the money supply usell will have 3
posttive elasticity with respect to the interest rate, reducing the slope of the
LM curve--that is, flattenung 1t Before we develop a simple model showing
the relationships between free reserves (excess resertes less borrowed re.
serres), the interest rate, and the money supply, we will briefly review the
mechanism of money expansion in a fractional reserve system.

The Mechanism of Monetary Expansion

As we have defined 1t, the money supply consists of currency and demand
deposits which are supplied by commercial banks. These banks have balance
sheets made up of habilimes, imcluding demand deposits, and assets, in-
cluding loans and reserves The Federal Reserve requires that commercial
banks refain a certam percent = of their habilities as reserves, mamly as
deposits 1 the Federal Reserve Banks.

Suppose that a decision 1s taken by the Open Market Committee to
expand the money supply. The manager of the Fed's open market account
buys, 1n the bond market in New York, a certain amount of treasury bonds,
say, $100 thousand worth, and issues a check, drawn on the Federal Re-
serve System, for $100 thousand to the seller. The seller then deposits the
check in his checking account m bank A, creating $100 thousand in ha-
bilities for the bank, the claim an the bank by the depositor, and also $100
thousand in assets for the bank, the claim on the Federal Reserve System.
1f there is a 20 percent reserve requirement, bank A can Joan $80 thousand
of 1ts increase in assets and must retain $20 thousand as reserves, as shown
i Table 13-1.

Table 13-1
Balance-Sheet Effects of a $100 Thousand Increase in Reserves

BANK A BANK B

Assets Liabilities Assets Liabilites
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The borrower of the $80 thousand i i
presumably spends it, transferring the
380 thousand. to the sel].er’s bank, bank B, which can in turn loan ou;g $64
thousand. This amount is transferred to bank C and the process continues.

Asa result, the total increase in the money supply from the $100 thousand
reserve increase is given by

AM =35100 + 80 + 64 + - - -,
or

AM = 100[1 + 0.8 + (0.8)> + - - -] = 100 500.

1-08

Thus, in this simple example the change in the money supply is given by
1 .
AM = - AR, 1)

where AR is the initial reserve increase and z is the reserve ratio. This is a
reserve multiplier giving the effect of reserve changes on the money supply
M, exactly analogous to the simple investment or government spending
multipliers that we developed in Chapter 3, which give the effects of changes
in these variables on output. ,

The multiple increase in M came from each bank holding as reserves
only a fraction z of its increased deposits—that is, liabilities—and lending
out 1 — z percent of the increased deposits. Thus, from the point of view of
each bank, it is simply lending out a fraction, 1 — z, of its increased deposit
inflow, but the system as a whole is increasing deposits by 1/z times the
reserves increase.

This example includes two important oversimplifications. First, since
the banks stay loaned up, excess reserves do not enter the picture so that
the dependence of the money supply on the interest rate is obscured. Second,
no place is provided for leakage into increased public holdings of currency,
which would reduce the value of the reserves multiplier. We will now look
at a more realistic model that incorporates these effects.

of the Money Supply

The relationship between the money supply—currency in the hands of the
public outside the banking system plus demand deposits—and unborrowed
reserves provided by the Fed's open market operations depends on the
public’s preference between currency and demand deposits, and on the
banks’ holding of excess reserves or borrowing of reserves at the discount
window. The latter activity will make the money supply a function of the
interest rate and change somewhat our view of the LM curve. In this sec
tion we will develop a money supply model that follows fairly closely work
done by Teigen. Then we will review some empirical results on the interest
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When loan demand is strong and interest rates are high, the banks W
squeeze excess reserves and increase borrowing at the discount windas,
mcreasing the money supply supported by 2 given amount of unbonoud'
reserces supplied by the Fed. Thus, the money supply itself wilf have 3
positrve elasticity with respect to the interest rate, reducing the slope of the
LA cunve—that is, flattemng it. Before we develop a simple model showirg
the relationships between free resertes {excess reserves less borrowed ra
sertes}, the mterest rate, and the money supply, we will briefly review the
of money expansion in a fractional reserve system.

The Mechanism of Monetary Expansion

As we have defined 1t. the money supply consists of currency and demard
depostts which are supplied by commercial banks. These banks have batance
sheets made up of labilities, including demand deposits, and assets, in-
cluding loans and resenves. The Federal Resenve requires that commercial
banks retan a certain percent = of their liabilities as reserves, mainly as
deposits 1n the Federal Reserve Banks.

Suppose that a deciston is taken by the Open Market Committee to
expand the money supply. The manager of the Fed's open market account
buys, 1n the bond market in New York, a cettain amount of treasury bonds,
say, $100 thousand worth, and 1ssues a check, drawn on the Federal Re-
serve System, for $100 thousand to the seller. The seller then deposits the
check n his checking account in bank A, creating S100 thousand in lia-
bilities for the bank, the claim on the bank by the depositor, and also S100
thousand in assets for the bank, the claim on the Federal Reserve System
1f there 15 2 20 percent reserve requirement, bank A can loan $80 thousand
of its increase m assets and must retain $20 thousand as reserves, as shown
in Table 13-1

Table 13-1
Balance-Sheet Etfects of a $100 Thousand Increase in Reserves
BANK A BANK B
Assets tizbiles Assets Liatwtives
5100 3100 $80 80
(20 reserves {16 reserves
&0 Toans) 64 joans)
BANK C
Assets Liabilities
$64
(128 reserves

51.21pane)
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The borrower of the $80 thousand presumably spends it, transferring the
380 thousand_ to the sell.er‘s bank, bank B, which can in turn loan out $64
thousand. This amount is transferred to bank C and the process continues.

As a result, the total increase in the money supply from the $100 thousand
reserve increase is given by

AM =53100 + 80 + 64 + - - -,
or

AM = 100[1 + 0.8 + (0.8)> + - - -] = 100 = 500.

1-08

Thus, in this simple example the change in the money supply is g'ven by
1 .
AM = - AR, 03]

where AR is the initial reserve increase and z is the reserve ratio. This is a
reserve multiplier giving the effect of reserve changes on the money supply
M, exactly analogous to the simple investment or government spending
multipliers that we developed in Chapter 3, which give the effects of changes
in these variables on output. .

The multiple increase in M came from each bank holding as reserves
only a fraction z of its increased deposits-—that is, liabilities—and lending
out 1 — = percent of the increased deposits. Thus, from the point of view of
each bank, it is simply lending out a fraction, 1 — z, of its increased deposit
inflow, but the system as a whole is increasing deposits by 1/z times the
reserves increase.

This example includes two important oversimplifications. First, since
the banks stay loaned up, excess reserves do not enter the picture so that
the dependence of the money supply on the interest rate is obscured. Second,
no place is provided for leakage into increased public holdings of currency,
which would reduce the value of the reserves multiplier. We will now look
at a more realistic model that incorporates these effects.

The Determinants of the Money Supply

s

’
s
!-‘v—_—_‘//‘

The relationship between the money supply—currency in the hands of the
public outside the banking system plus demand deposits—and unborrowed
reserves provided by the Fed's open market operations depends on the
public’s preference between currency and demand deposits, and on the
banks’ holding of excess reserves or borrowing of reserves at the discount
window. The latter activity will make the money supply a function of the
interest rate and change somewhat our view of the LM curve. In this sec-
tion we will develop a money supply model that follows fairly closely work
done by Teigen. Then we will review some empirical results on the interest
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elasticity of the money supply qb\ained by Teigen, more recently by
Modigliani, Rasche, and Cooper in the MIT-Penn-SSRC (MPS) model,
and by Hendershott and De Leeuw.

The money supply M is currency held by the public C, plus demang
deposits beld by the public in the commercial banking system D,;

M=C,+D, @

The public holds A percent of its money in currency and 1 — k percent
in checking account deposits, so that

C,=hM &)
and
D, = (1 —h)M. (0]

Earlier we introduced the required reserve ratio z, which gives the frac.
tion of demand deposits D, that must be held as required reserves RR:

RR=z-D,=2(1 ~ )M, ’ ®

from equation (4). Total reserves can be divided on the one hand into the
sources of reserves, and on the other hand into the uses of reserves. The
Fed provides unborrowed reserves, RU, mainly by buying U.S. government
securities in the bond market. It also supplies borrowed reserves, RB, by
lending to the commercial banks through the discount mechanism. Thess
reserves are allocated 1o three uses. The banks can allocate their resene
to required reserves RR or 1o excess reserves RE, which is defined as total
bank reserves less RR. In addition, some of the reserves provided by the
Fed through open market purchases of bonds will end up as currency in
the hands of the public C,. Since both sources and uses must sum to tota}
reserves R, this gives us the basic reserves identity,

RU4+RB=R=RR+RE+C,. U}

The reserves identity also gives us an expression for the policy instrumen
that the Fed directly controls through open market operations,

RU=RR+RE~RB+C,=RR+RF+C, u

where net free reserves, RF, is defined as RE — RB. Free reserves should be
sensitive to movements in the interest rate, as we will see shortly.
Equations (3) for C, and (5) for RR can be combined with equation U]
for unborrowed reserves to yield an equation giving the money supply 254
function of unborrowed reserves, conttolled by the Fed, and free resenss,
controlled by the ial banks. Substituting from equations (3) and
(5) for C, and RR, respectively, into the right-hand side of (7), we bat

RU =z2(1 — )M + RF + hM.
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Solving this equation for M gives us the money supply equation.

_ RU—-RF  RU-RF o
h+z(1=h) z+Mi-~z) ©)

It should be apparent from equation (8) that ¢M/CRU > 0 and CMCRF,
CM/éh, and éM/éz are all negative. The money supply rises as the Fed
provides more unborrowed reserves, and falls as free reserves increase, the
public’s preference for currency rises, or the Fed increases the reserve ratio.
The banks, through decisions on excess reserves and borrowing at the dis-
count window, determine RF, the Fed determines - directly and RU by
open market operations, and the public's tastes between currency and
checking deposits determine /. These variables taken together determine the
money supply M.
Next we can separate the right-hand term in (8) into two picces:

M= RU  RF
Thaz(—=h) h+z(0~h)

9)

The RU term in (9) gives the portion of the money supply determined
mainly at the initiative of the Fed, which might be considered the exogenous
portion of the money supply. Unborrowed reserves grew from about $19
billion in 1960 to $36 billion in 1977.

The RF term in (9) gives the portion of the money supply which is
mainly endogenously determined by the banking system in response to loan
opportunities and interest rates. In tight credit conditions, when loan de-
mand is high relative to the supply of unborroxyed reserves fron? the Fed,
we would expect free reserves to be negative, with bar}ks squeczing excess

- reserves as-tightly as possible and borrowing substaptlally at gh.e discount
window. When credit conditions are easier, RF will be positive. In the
early 1960s, as GNP grew up to potential from 1960 to 1965. and then
excess demand developed after 1965, free reserves [ell steadily from $0.7
billion at the end of 1960 to zero at the end of 1965, and then more er-
ratically to —0.8 billion at the end of 1969. From 19691974 frec rescrves
have typically been negative, fluctuating’ between zero and —52.4 billion.
Since 1974, free reserves have been slightly positive. As credit dcman‘d in-
creased during the 1960s, the banking system addeq perhaps S}.S billion
to reserves by squeezing excess reserves and increasing borrowings at the
discount window. During the 1970s, free reserve fluctuations have accounted
for up to $2.5 billion of changes in total reserves. In the depression days
.of the 1930s, free reserves were positive, standing at 33 billion at the end of

! 1935 and $2 billion at the end of 1936. Movements in M,, RU, and RF arc

wn in Figure 13-1. ' : ) . .
Sho¥gi;nrcil§§;se of free reserves to changes in credit condnfons, which
might be measured by interest rates, gives the money supply a posittve
elasticity with respect to the interest rate. -~

i
LN
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Empirical Estimates of Interest Elasticity

Commercial banks lend at market interest rates, represented by r, ‘M‘
borrow reserves at the Fed's discount window at the discount rate s &
the market rate rises relative to the discount rate, banks will reduce uﬁ\
reserves and increase their borrowing at the discount window to take i
vantage of the widening r — 7, differential. Since free reserves RF €4

excess rescrves RE minus borrowed reserves RB, both of these effects teoé

RF = kr ~-#6
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to reduce ‘free reserves as the differential increases. Thus, we can write RF
as a function of the r — r, differential, '

RF = f(r —ry), (10)

with RF falling as r — r, increases.
With unborrowed reserves RU and the reserve ratio = determined
exogenously by the Fed, and with  a parameter depending on the public’s
preferences between currency and demand deposits, the free reserves func-

tiog Iin (10) makes the money supply also a function of r — rg, given RU, =,
and h:

_RU=fir=ry

Ty = Mo (11

and M’ is positive.

’I'he'most djrect way to estimate the interest elasticity of the moncy
supply is to estimate a version of the free reserve equation (10). and then
calculate the effect of an r change on the money supply M through the
money supply equation (11). Recent studies by Modigliani, Rasche, and
Cooper, in developing the money market sector of the MPS model, and by
Hendershott and DeLeeuw, have estimated essentially linear versions of (10):

RF =aq — ay(r —r,).

Both studies estimate the coefficient a, of the interest differential to be
about $500 million. Thus, an increase in the market interest rate r of onc
percentage point—from 8 to 9 percent, for example—will reduce free
reserves by $500 million. With unborrowed reserves held constant, this gives
an increase in RU — RF of $500 million. Since RU — RF(=RU + RB - RE
by the definition of RF) was about $34 billion in the mid-1970s, an increase
in RU — RF of $500 million is a 1.5 percent (=0.5/34) change. With short-
term rates at about 8 percent during the same period, a one-point change
in the market rate is a 12.5 percent (= 1/8) change. Hence, during the mid-
1970s, the elasticity of reserves to changes in the interest rate is about 0.12
(=1.4/12.5); a 1 percent increase in the interest rate will increase RU — RF
by about 0.12 percent.

We can convert this interest rate elasticity of reserves into an interest
elasticity of the money supply by observing that the money supply function.
equation (8), can be written as

I

O — — RF), 12
h+z(1 —h) (RU ) (12

with the denominator held canstant, a 1 'percent change in {(RU — RF) ‘will
yield a 1 percent change in M. Thus, if a I percent increasc. in the interest
rate r raises reserves, RU — RF, by 0.12 percent, it also raiscs the money

~~ “supply by 0.12 percent, so that the elasticity of the money supply with



276 SECTORAL DEMAND FUNCTIONS AND EXTENSIONS OF THE STATG Moter

respect to changes in 7 is about 0.12 on the Modigliani-RascheConper and
Hendershott-De Lecuw estimates.

A different approach to measurement of the interest elasticity was taken
carlier by Teigen. He observed that in equation (9), repeated here,

_ RU " RF

Thei-h) h+z(l-h

the term with RU in the numerator is the portion of the money supply
determined mainly by the Fed, while the term in RF is determined manly

by the banks. If the term in RU is defined as an exogenously determineg
M?*:

M

RU
=
M= a—h &
then the ratio of actual M to cxogenous M?* is a fanction of the r=n
spread. Dividing all the terms in equation (12) by M*, as defined in {13},

we have N
RF(r—ry) « -
M h+:z(1~-h) >
WS i i =g(r-r,), (14
where the ratio M/M* increases as r ~ 1, since RF is a d 3

function of r — r,; so that g’ > 0. .
Using the actual values of z and RU, and an average value of b, M* can

be constructed, on a quarterly basis, from (13). Thert the ratio of actual Af
to constructed M* can be related to r — r, in a linear regression,

M

s by +by(r—ra),
to obtain an estimate of the interest sensitivixy\of M/M*. Using this proce-
dure, Teigen obtained estimates of the elasticity of the money supply with
respect to changes in r ranging from 0.12 to 017, depending on the esti-
mating techmque used. For our purposes, this estimate is not at all different
from the estimates coming from the direct relation of RF to r—ra dis-
cussed earlier. Thus, for a typical estimate of the interest elasticity of the
money supply, culled from a small but rapidly growing literature on ﬂ)e
subject, we can use 0.135, An increase of 1 percent (not percentage point) in
the short-term interest rate will increase the money supply by about
0.15 percent.

The Money Supply in the Static Model

The interest sensitivity of the money supply can be worked into the static
model in several ways. Figure 13-2 shows the supply and demand curves
for real balances m = M/P. With an initial income level y,, the demand-for-
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Figure 13-2
Interest-sensitive money
supply.
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money curve is ni(yo). With an initial real money supply m, (=M,/P; we
hold P constant throughout this analysis), the interest rate is ro. Now
suppose income rises, due perhaps to an upward shift of the IS curve. Then
the demand curve in Figure 13-2 shifts up to m(y,), and with a money
supply fixed at my, as in Part II, the interest rate would rise to r,.

But if the money supply is sensitive to changes in the interest rate, the
money supply function through the initial equilibrium point rq. yo, m, looks
like the positively sloped supply function M(r — r,)/P in Figure 13-2. In this
case, the increased demand for money calls forth an increase in supply
equal to m; —m, as the interest rate rises to r, instead of r,. Thus, the
interest elasticity of the money supply reduces the increase in r (from r; —~ ry
to r, — ro) needed to maintain money market equilibrium with a given
increase in y, from y, to y,, in Figure 13-2.

The fast sentence says that with an interest-sensitive money supply, the
slope of the LM curve is smaller than otherwise. This is shown in the four-
quadrant LM diagram of Figure 13-3. At the initial interest rate rg, the
real money supply is equal to M(ry)/P in the southwest quadrant. If the
interest rate rises to r;, with the money supply fixed at M(ro)/P, as we
assumed in Part II, the level of income must rise to y, to maintain moncy
market equilibrium. The interest rate increase reduces the speculative and
transactions demands for money, as we saw in Chapter 12, freeing money
to support an increase in y within the constraint of a given m.

If the money supply is not fixed, but is a function of the interest rate r:

M=Mr;, M >0, (17

then an increase in the interest rate from rg to ry shifts the money supply
out from M(r,)/P to M(r,)/P in Figure 13-3. This increase in money supply
will support an increase in income to y,. as opposed to y,. Thus, thc_ LM
curve with an interest-sensitive money supply looks like L;M, in Figure
13-3—Afatter than LyM,, which assumes a fixed real money supply.

We can derive the modified expression for the slope of the LM curve
with an interest-sensitive money supply by returning to the equilibrium
condition in the money market. As we saw in Chapter 12, the demand for
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money can be written as either

4
L‘;—-m(yr)._‘>0§ﬂ<0 (1%3)
or
M= P-m(y,n) (18e)
The money supply function can now be written as
= M(r): 5-"-' >0. (19)

Equilibnium in the money market requires thal the dcmand for money equal
the supply at the existing interest rate, This means M‘ = M?, or

Pomiy.r) = M(r). o
To obtain the slope of the LAf curvc with a ngcn P, we can totally dif-

ferentiate (20) to obtain
(al dy+ ——d.-) M dr.
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Collecting the terms in dy and dr, we have
cm G
dr({PZZ M )= _pT gy
( . 1) P

This gives us the expression for the slope of the LM curve with an interest-
sensitive money supply,

cm
dr P ?‘—
P T @1
Cr

Since {m/cy is positive, ém/¢'r is negative, and M is positive. this expression
for the slope of LM is positive.
In Part I1. with M’ = 0. the slope of the LM curve was just ~[(emicy);

 em r)]. Addition of an interest-sensitive money supply with M’ positive

¢ Money Supply

reduces the slope of the LM curve. That is, the LM curve is flatter with
M’ > 0 than it is with M’ =0.

nclusion: The Relevance of Interest Sensitivity of

In Chapter 12 we noted that if the interest elasticity of demand for money
is small, the velocity of money may be taken as a constant. In this special
case the LM equation can be reduced to

y=Tm, (22)

where T is the fixed velocity of money. Equation (22) is then one equation
in one exogenous unknown, m. A monetarist could use it to predict real
GNP (y) changes without reference to any other part of our multimarket
system.

If the money supply is sensitive to interest rate changes, then this posi-
tion does not hold up even in the face of an interest-elasticity of the demand
for money equal to zero. Suppose the demand for real balances is given by

1
mt=-y, (23)
v

with zero interest-elasticity. If the money supply function, at a given price
level, can be written as
m* = m(r), (24)

then the equilibrium condition in the money market. in this world of interest-

insensitive demand for money, is

{ | ow—

m(r) =

Y

y. 25)

Lo}
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Thus, if the money supply is sensitive to the interest rate, the o,
market equilibrium condition contains both y and r, regardless of lbeé:b
of interest-elasticity of money demand. This means that both the 152
LM equations must play a role in the determination of equilibrium on
even in the extreme case where the demand for money is unrelynd,
interest rate changes. We now move on to a fuller discussion of the da,
between monetarists and Keynesians that has been alluded to in lhcse;;
two chapters
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netary and Fiscal Policy

‘

Chapters 10 through 13 have reviewed, in some detail, both the theoretical
underpinnings and empirical results concerning the four important functions
on the demand side of the economy—consumer demand, investment de-
mand, the demand for money, and the supply of money. Wherever it scemed
appropriate in these chapters we briefly discussed the effect of the analysis
on our view of monetary and fiscal policy. Here, we pull together the results
of Chapters 10 through 13 to obtain a more comprehensive view of how
monetary and fiscal policies affect the economy, and of some important
current policy issues concerning the use of monetary and fiscal policy. In
considering the effects of policy, we focus on the timing relationships dis-
cussed in Chapters 10~13—for example, the lags of consumer expenditure
changes behind income changes and of investment demand behind changes
in output and interest rates. Thus, here we add the timing elements to the
analysis of monetary and fiscal policy of Part II, which dealt mainly with
changes from one equilibrium position to the next, with little discussion of
the time path of the economy between equilibria.

In the first section of this chapter we summarize the basic static model
as modified or extended by Chapters 10-13. Then we look at the general
effects of fiscal and monetary policy changes in this extended model, focusing
partly on timing eflects and partly on the rclationship between the labor
market and supply curve assumptions and the effects of policy changes. This
discussion leads naturally, in the next section, to consideration of the
monetarist-fiscalist (or as it is sometimes called, Keynesian) debate that has
been a major focus of macroeconomic policy discussions since the mid-1960s.
Both the monetarist—only money matters—view and the fiscalist— moncy
doesn’t matter at all—views are extreme. and probably incorrect. cases of

281
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our static model Starting from an implicit assumption that the interest
elasticity of the demand for money is virtually zero, the monetarist position
focuses on the use of a vertical LM curve to determine real output y, The
fiscalist position, starting from the assumption that the interest elasticity of
mnvestment demand is virtually zero, focuses on the use of a vertical J§
curve to determine y.

In the fourth section of this chapter, we look at the relationship between
tax rate changes and changes in the budget surplus. When rates are re-
duced, income g Iy rises, so the for tax the tax rate
times mcome—is uncertain. Whether tax revenues, and thus the budget
surplus (or deficit), rise or fall with a tax cut depends on the initial state of
the economy—that is, its position on the LM curve. Finally, in the fast
section, we look briefly into the problem of debt management from the
point of view of stabilization policy. Here we will see what difference it
makes, 1n stabilization terms, how a deficit of a given size is financed
Roughly speaking, an increase in the deficit, financed by selling bonds to
the public, shifts the IS curve up along a given LM curve with the money
supply M held constant. But if the deficit is financed by selling bonds to
the Federal Reserve, M is increased and the LM curve shifts out too. Thus,
the size of the y increase, and whether the interest rate r rises or falls for
a given increase 1n the deficit, depend partially on how it is financed.

The Static Model Extended

In Chapter 10 we saw that the consumption function of Part Il must be
extended at least to include real assets a (= A/P) In addition, we saw that
consumer expenditure will probably react quickly to a change in disposable
income that seems permanent to consumers—as opposed to the effect of a
temporary tax rate change. Further, the i in pend

might exceed the increase in disposable income, at least in the short run,
since the increase in desired consumption that follows the increase in income
will reflect a disproportionate increase in purchases of consumer durables.
The consumption function that emerged from Chapter 10 is repeated here:

de e
e=y— e ———
1 — 1% ay =t 7@
where real consumer net worth (assets) a = A/P.
The second modification of the components of the IS product market
equilibrium condition came in Chapter 11, where we saw that investment
§hould be a function of the level of output, as well as the interest rate. Here
it should be noticed that, in a model of static equilibrium, replacement
incestment should depend on the level of output; net investment, due to
changes in interest rates or output, does not appear in the static model, but

is an important factor in determining the path of the economy between
equilibria.

>9, oy
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Thus, in the static model we hav. i i
. » I the sta e a function for replacement investment
given the equilibrium level of capital stock: P |

8 ai
i=iny):; L<0 L5, (2)
or Gy

In addition, to move from one equilibrium level of capital stock to another
net investment will appear as a function of the change in r or y. Thus, a drop'
in the interest rate r will increase the equilibrium capital stock. This will bring
a transitory positive level of net investment as the capital stock is increased
to its new equilibrium level. At that level, the static investment function of (2)

}vill show a higher level of replacement investment as a function of the lower
mterest rate.

THE IS CURVE

These modifications of the consumption and investment functions give us a
revised form of the product market equilibrium condition,

y=cly—1ty),a)+iry)+g, (3a)
or
s(y—t(y),a) + t(y) =i{r,y) + g, (3b)

shown as the IS curve in Figure 14-1.

In Figure 14-1, the position of the curve showing saving plus tax
revenue—gross social saving—as a function of the level of real income is
determined by the level of real consumer net worth a,. A reduction in real
net worth, normally due to a price increase in the short run, would reduce
consumer expenditure, given the income level, and thus increase saving. This
would rotate the s + t curve in the southeast quadrant of Figure 14-1 down,
or clockwise, increasing the level of saving corresponding to any given level
of income y-.

The investment function i = i(r, y), gives us a family of investment curves
in the northwest quadrant of Figure 14-1. As income rises from y, to y;, the
level of (replacement) investment associated with any given interest rate rises,
so the investment demand curve shifts from i( yo) to i(y,) in Figure 14-1.

At an initial real-asset level ag, which fixes an s + ¢ function in Figure 14-1,
cen the IS curve giving the r, y points that maintain equilibrium in the product
i market can be traced using the appropriate i( ) curves. As we saw in Chapter

11, introduction of the sensitivity of investment demand to the level of real
output flattens the IS curve. For ag, the IS curve IS, is traced out as an
illustration in Figure 14-1. Remember too from Chapter 10 that the effect of
changes in the interest rate on consumption by way of real asset values also
flattens the IS curve.

Now if the real value of consumer net worth falls to a;, due to a price
increase, the IS curve will shift down to I, S, in Figure 14-1. Atany given level
of income there is a greater desire to save {ex ante saving is higher). Thus, at

" any given level of the interest rate, the equilibrium level of output in the
product market will fall-as the price level rises due to the falling level of
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Figure 14-1
The IS curve in the
extended mode}
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consumer demnand as the real value of assets is reduced. Recognition of the
important role that real net worth plays in the determination of consumer
expenditure and saving introduces real assets as a factor that shifts the IS
curve in the 7, y space of Figure 14-1, as the price level moves.

THE LM CURVE

In Chapter 12 we developed four different views of the demand for money,
all of which came to the same function that we used in Part 1. For a ghen
stock of liquid assets, the speculative demand for real balances is negatively
related to the interest rate; the transactions demand is positively related to
the level of transactions, or income, and negatively related to the interest
rate. The demand-for-money function function can be written as

: =) 1)+ KO B

or
L M=Pomns Poli)+ Pk(). @)
Here ém/ér < 0 and dm/dy > 0. "~
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Ag we saw in Chapter 13, for a given amount of unborrowed reserves
supplied by the Fed, and given the public’s preferences between money and
currency,the supply of money is an increasing function of the interest rate,

M=M{r); M >0. 5

Equa}ing money supplied to money demanded gives us the equilibrium
condition for the money market,

M(r
MO e ) 16+ ) ©
This is the LM curve in Figure 14-2.

The k(y) curve in the southeast quadrant gives the movement i the
demand for real balances as y changes. The I(r) curve in the northwest
quadrant gives changes in demand-—both speculative and transactions—as

“the interest rate changes. The 45° line in the southwest quadrant constrains
the two components of demand to add to total supply of real balances,
M(r)/P,. Here P, is the given initial price level. As the interest rate changes,
this supply of real balances changes.

To trace out the LM curve in Figure 14-2, we can begin with an initial
interest rate ro, which fixes the supply of real balances at M(ro)/Po. At ro,

My Mg

k(y)




286

SECTORAL DEMAND FUNCTIONS AND EXTENSIONS OF THE STATiG MODEL

the hiquidity preference schedule /(r) shows a speculative demand for money
at I(ro} m Figure 14-2. With M{ro)/P, fixed by ¢, this leaves [Mr,) AN
I{ro) = A{ vo) for transactions balances. an amount that will support income
level v, This establishes the ro,1, point on the LM curve in the northesg
quadrant in Figure 14-2.

Atnterest rate ry (> ro), the supply of real balances expands to M(r )P,
due to shrinkage of {ree reserves in the banking system. Tracing counter-
clockwise around the four-quadrant diagram from ry to M{r;}/Pg to y,, we
can establish another money market equilibrium point ry,y,. The Lo,
curve of Figure 14-2 can be drawn through the two points ro, yo and ry,y,

1f the money supply were fixed at the level M(ro), then the money market
equilibrium 1 level corresponding to r; would be less than y,, since the trace
from r; would bounce off the M(ro)/P, money supply line instead of the
Mir,)/P Ime. In this fixed money supply case the LM curve would then be
steeper than that shown in Figure 14-2. Since an increase in r would not
increase the money supply, for any given increase in r the increase in money
market equihbrium y would be smaller than in the flexible money-supply
case where M = M(r}

The LoM, curve of Figure 14-2 is drawn on the assumption of a gnen
initial price level Po. An increase in the price level will reduce the supply of
real balances—or what amounts to the same thing, increase the demand for
nominal balances at any given r and y—and shift the LM curve up and to the
left In Figure 14-2 a price level increase shifts each M/P line in toward the
onigin As shown by the dashed lines in the southwest quadrant, this repre-
sents a reduction in M/P and a drop in the money-market equilibrium y
assoctated with any given r. Thus, a price increase shilts the LM curve up
toward the L, M, curve in Figure 14-2.

THE AGGREGATE DEMAND CURVE

Given the money value of assets and the price level, the IS equation {3) and
the LM equation (6) are two equations in two unknowns, r and y. These can
be solved for equilibrium demand-side r and y, given P; the solution is shown
graphically as the intersection of the 1,S, and the Lo, curves in Figure 143,
which are the 1,8, and L,M, curves from Figures 14-1 and 14-2, based on
the nitial price level P, .

As mn Part II, we can derive the economy’s aggregate demand curve by
varying the price level and observing the movement of equilibrium demand-
side y in Figure 14-3. An increase in the price level, we have seen, reduces real
houschold net worth, increasing desired saving at any income level and
rotating the s+ line in Figure 14-1 downward. This reduction in con-
sumption demand shifts the IS curve to the left, toward , S, in Figure 143.
As we saw in the previous section, a price level increase also shifts the M
curveleft toward L, M, in Figure 14-3 by reducing the supply of real balances
Thus, as prices rise, both the 1S and LM curves shift left in Figure 143,
reducing the equilibrium level of output.
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‘Figure 14-3
‘Equilibrium r and y on the
demand side.

Figure 14-4
The economy's demand
curve, ’

This relationship between equnhbrmm demand-side output and the price
level is shown as the economy’s demand curve DyD, in Figure 14-4. As the
price level rises from P, to P, consumption demand is reduced directly due
to the reduction in the real value of assets—our analog to the Pigou effect.
As should be apparent from Figure 14-3, the drop in the real money supply,
shifting LM left, tends to raise interest rates. On the other hand, the drop in
income that follows the drop in consumer demand, shifting the IS curve left,
reduces the demand for money, tending to reduce interest rates. Thus, the
price increase may raise or lower interest rates, depending on the relative
sensitivity to the interest rate of both the supply of and the demand for
money, on the one hand, and of consumer demand to real assets, on the other.

With investment demand a function of both real output and the interest
rate, i = i(r, y), the leftward movement of the IS and LM curves virtually
assures a decrease in investment demand from one static equilibrium to the
next with the price level rising. The interest rate may rise or fall as P rises
from P, to P,, but with the drop in income and output, the equxllbnum
capital stock will drop, reducing replacement investment in the new static

B

Y%
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equihbrium There will also be a lAransi(ory negative net investment to
reduce the capital stock between cquilibria.

The drop in consumption demand and investment demand following an
increase n the price level from Py to P, moves equilibrium demand-side
output from v to ¥, in Figures 14-3 and 14-4. The reduction in consumption
demand will come fairly quickly, probably within two to three quarters,
certainly within a year, alter the price increase. The speed of reaction of
consumer expenditure will probably be more rapid than this, since, as we saw
in Chapter 10, expenditure must overadjust to bring consumption of durables
mto hine The red in in d d may come fairly rapidly as
firms react to excess capacity by cutting net investment to reduce capital
stock After this transitory reduction of net investment, which reduces
equilibrium caputal stock, is completed over the period of perhaps one 1o
two years, gross investment will r1se to its new replacement investment level
1y, = try.3,) tower than the mitial 15 = 1(ro. 1 o) level but higher than gross
mvestment duning the transitory period of negative net investment,

Thus, the demand curve of Figure 14-4 reflects changes in equilibrium
demand-side output due to the effect of price level changes on both con-
sumption and investment demand. An increase in the price level [rom Pyto P;
will bring a reduction in equiltbrivm demand-side output from y; to y,
over a period of a year or two. Due to the transitory drop in net investment
demand, income may temporarily overshoot } ;; as gross investment revives.
equilibrium demand-side output will then rise to yy.

LABOR MARKET EQUILIBRIUM

The stpply-side equilibrium conditions are the same as those developed in
Chapter 9, so we do not have to discuss them in detail here. Output 1 is
inked to employ by the production functi

3 =3N:R). U]

The demand for labor by an individual firm sets employment at the level at
which the real wage rate the employer pays equals the marginal product
of labor. In the aggregate, this gives us a demand-for-fabor function that can
be written as the wage employers will offer as a function of the price level and
the level of employment,

Wi=P-f(N); f <O. ®

Here f(N) can be thought of as the aggregate marginal product of labor
(MPL), so that (8) equates the MPL to the real wage w = W/P. The labor
demand function (8} 1s shown in Figure 14-5, given the initial price level Po.

On the supply side of the labor market we have the supply function of
Fhap.lcr 9 written as an equation giving the money wage 2long the supplhy
unction,

W= P-g(N)
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-;{-.Figure 14-5
‘;:J_abqr market equilibrium.

The expected price level P¢ is linked to the actual price level by the expecta-
tions function,

Pf = p(P).
Combining thesg: gives us the labor supply function linking nominal wage
demands, the price level, and employment:
W? = p(P) - g(N). 9

Here an increase in the price level raises wage demands, that is, shifts the

. labor supply curve up in the W, N space. The labor supply function (9) is also

~ shown in Figure 14-5 at the initial price level Py, equal to P§ if initial expecta-

tions are correct. If p’ = 0 in equation (9), we have the polar Keynesian case

of Chapter 6, while if p’ = 1 we have the polar classical case. In general, with

0 < p <1, we have the model labeled the general Keynesian model in

Chapter 6.

Equating the demand wage to the supply wage gives us the labor market

equilibrium condition.

P - f(N) = p(P)- g(N). (10)

For a given price level Py, equation (10) can be solved for the equilibrium
-level of employment Ng. Since equilibrium employment is defined as that
level of N that equates ¢ and W*, the equilibrium N, along with Py, can be
inserted into either equation (8) or (9) to obtain the equilibrium money-wage
rate. This solution of the labor market equilibrium equation is shown
graphically in Figure 14-5, where the intersection of the supply and demand
functions, at the initial price P, and expected price Py = Py, gives equilib-
rium employment N, and wage rate Wy :

THE AGGREGATE SUPPLY CURVE

We can derive the aggregate supply curve by changing the pric.e‘lc:\"el in the
labor market, Figure 14-5. and observing how supply side Fqullxbnpm out-
put changes. In the general Keynesian model, an increase in the price level
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The production function

Figure 147

The aggregate supply
curve

NeViNg

from Py to Py shifts both the labor demand and labor supply curves upin
Figure 14-5, demand more than supply, since p’ < 1.

The price increase raises marginal revenue products for all firms, so they
all want to expand employment and will offer a higher wage to attrnat
workers. On the other hand, the price increase reduces the purchasing power
of money wages, and thus should raise wage demands, shifting the labor
supply curve up If price expectations do not fully adjust, so that labor supply
15 less sensitive to price changes than it is to wage changes, the upward shit
of the labor supply function to P§ - g(N) will be smaller than the demard
function shult to P, - f(N), so that the price increase from P, to Py will rae
equiltbrium employment from N, to N, in Figure 14-5,

The increase in equilibrium employment from Figure 14-5 is translated
nto a change in supply-stde equilibrium output by the production functioniz |
Figure 14-6 The increase of employment from Ny to N, raises equilibrium
output on the supply side from y, to y, in Figure 14-6, This, in tur, givesus
the aggregate supply curve of Figure 14-7. The price increase from Pyto Py |
n Figure 14-5 raised equilibrium employment from N to Ny. This increasen *
employment yrelds an increase in supply-side equilibrium output from )oto
¥ 0 Figure 14-6, so that we have the supply curve relationship between ﬂ?:
price level and equilibrium output on the supply side shown as 5,5, it
Figure 14-7 As P nises from Py to Py, supply-side output rises from yp t0 )

In the polar classical case, with p = 1, a price level increase would shil
the labor supply and demand functions up by the same amount in Figure 145,
50 that equilibrium employment remain unchanged. In this case the supply
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Tire 14-8
“1and and supply
K-;libn’um.

5

;u:'f(:) otfh glggre 14-7 would be vertical. In the polar Keynesian case, with
Pt price increase would not shift the labor supply function at all, so
- : 41321626 Increase _fr_onj Pg to Py would raise employment to N, in
1 fgraend e ;a'llg;]ng e.qulzllbnulm output on the supply side to y, in Figures

- Thus, in the polar Keynesi nction woulc
be the flatter S;S, curve in lgigure 14{2?‘-512111 case the supply function would

‘EQUILIBRIUM N THE EXTENDED MODEL

-In Figure 14-8 we bring together the de i
C mand curve of Figure 14-4 and the
~ supply curve of Figure 14-7 to determine equilibrium price and outputL.

Py, yo. Given equilibrium P, and
s Yo- € 1briu 0 Yo We can trace back through the system to
determine the equilibrium values of the other variables. ; ’

On the supply side, y, gives us equilibrium employment N, through the
production function of Figure 14-6. With N, and P, we can determine Wo
in Figure 14-5. Going back on the demand side, the equilibrium price level
P, gives us the position of the I,S, curve in Figures 14-1 and 14-3. Com-
bining equilibrium y, and the position of the IS curve gives us equilibrium ro
in Figure 14-3. With ro, we can determine the level of the money supply

-, M(ro), which, combined with P, fixes the position of the LM curve at LoMg

in Figure 14-3. Thus, the four-equation system of the IS equation (3), the
LM equation (6), the production function (7}, and the labor market equation

- (10) give us the equilibrium values of the key variables y.r, P,and N. Given'r

we can determine the value of M, and given N we can determine the value of
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!)ﬂlty of an overadjustment of employment on the supply side, with the price
increase initially raising employment along the original P§ g(N)labor supply
curve to N;. Then, once adjustment seems complete, the labor supply will
begin shifting up toward tending to reduce employment toward N, in
Figure 14-10. i

THE EFFECT ON CONSUMER DEMAND

The increase in income, on the demand side, should be reflected fairly quickly
in a rise in consumer demand. This is true especially for consumer durables,
as consumers increase purchases to adjust their future stream of consumption
of services from the durables upward. The increase in consumer expenditure
on nondurable goods and on services should rise more gradually, over a
period of two quarters to a year. Thus, the increase in consumer demand in
response to the increase in income generated by the initial g change should
come fairly rapidly and be initially-weighted toward an increase in'purchases
of consumer durables.

The price rise generated by the excess demand shown in Figure 14-8 will
reduce the real value of household net worth, tending to increase saving and
reduce consumption somewhat. The price increase thus shifts the IS curve
back from I,S, toward 1,5, in Figure 14-9, partially offsetting the effects
of the initial g increase.

THE EFFECT ON INVESTMENT DEMAND

If the increase in demand comes at a time when the economy is operating
near full capacity, perhaps above 85 percent on the Federal Reserve index,
investment demand should respond within two or three quarters through the
accelerator mechanism. This will bring a spurt of net investment to increase
the capital stock to a new equilibrium level. Once this is completed, after a
year or so, investment demand should taper off toward the continuing
replacement requirements of the larger capital st_ock. This level of investment '
demand is represented in the static i = {(r, y) investment function, and .is ;
reflected in the slope of the IS curves of F}gure 149, .

i
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‘I?:lrhe Effectiveness of Monetary and Fiscal Policy:
:Vlonetarists and Fiscalists ‘
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In the static model monetgry policy affects the economy by shifting the L)
curve, and as a result, shifting the economy’s demand curve. Fiscal policy
wgrks’by shlftxng the IS and demand curves. In the general Keynesian model
with p’ < I, or with \\'1q§spread wage rigidity. as in Chapter 8. the economy’s
supply curve has a positive slope: so that a shift of the demand curve changes
the level of output. )

In the cla.ssica].case, with p" =1 and no wage rigidity. thc economy’s
supply curve is vertical. In this case fiscal policy changes affect the allocation
of total output, by changing the price level and the interest rate. Monetary
po]{cy changes affect only the price level. leaving the interest rate and com-
position of output unchanged. Thus, in the classical case both monetary and
fiscal polfcies affect the price level and nominal GNP, ¥ = P - v In addition,
fiscal policy changes affect the composition of cutput.

A different distinction than the one between the classical and Kevnesian
poles on the supply side has been drawn in the economics literature recently.
with seemingly increasing sharpness. It concerns relative effectiveness of
monetary and fiscal policies on the demand side. On one side of this distinc-
tion is a group of economists generally known as monetarists. whose position.
taken to an extreme, seems to be that as between aggregate fiscal and mone-
tary policies, only monetary policy can affect the level of nominal GNP, with
real output v generally being determined in the labor market. On the other
side is a group recently dubbed by David Fand as the fiscalists. Their
position. taken to an equal extrenie, seems to be that only fiscal policy can
affect the level of real GNP. with the price level being determined more or less
exogenously.

The difference between the two views lies in differing estimates of two
key elasticities in our static model. The fiscalist position, which generally
tends to be imputed by monetarists to no one economist in particular. is that
the interest elasticity of investment demand is very small. or even zero. in the
short run. This makes the IS curve vertical. so that changes in monetary
policy shift the LM curve along the vertical IS curve. changing r but not y.
A change in a fiscal policy variable. however. will shift the vertical IS curve,
changing y. The extreme monetarist position is that the interest efusticitics of
the demand for and supply of money are zero. so that the LM curve is vertical.
In this case fiscal policy changes the composition. but not the level of national
output, while monetary policy, shifting a vertical LM curve. can change the
level of output.

Both positions can thus be viewed as special cases of our general mgc_icl
with certain elasticities set at zero. The empirical estimates of these elasticities
mentioned in Chapters 12 to 14. all definitely not zero, suggest that neither
special case is, in fact, very relevant to actual economic conditions. But it will
be useful to develop these two models a bit more thoroughly in the next two
subsections. This will give the reader a fuller insight into the analysis behind
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-
what is bound to be a continuing—although increasingly emply—con,
troversy in the public press between the two extreme positions, andﬁ;
models do serve as extreme cases m the analysis of the relative effectiene,
of monetary and fiscal policies.

THE FISCALIST MODEL

The fiscalist model takes us back essentially to the simple multipliers of
Chapter 3 There we assumed that investment demand 1s given exogenously
Then given any level of investment and a stable relationship between cop.
sumer expenditure and income, it is changes in government putchass g, o
tax rates ¢, that change real output.

Thus 1s the extreme fiscalist position. It is very hard to find an economiy
who actually holds this view; rather it 1s by now more the straw man setv
by the monetarists in public debate, The fiscalist position is frequently called
Keynesian by 1ts opponents. This seems to be not so much because Keynes
held this simplistic view, but more because the simple multiplier analysy,
which accords literally no role to monetary policy, was the way the introdue:
tory texts ntroduced Keynes® analysis of income determination to the public.
It should be clear that, at any rate, this author regards the fiscalist positionasa
mildly interesting, if improbable, extreme case of the general model anda
handy straw man for attack in debate by the monetarist view, not a position
actually taken seriously by any practicing economist. With this preamble,
let us proceed to the analysis

Suppose ir d d is given 1y in the product marke(
equilibrium condttion,

y=c(y— t(y),%)+i+g. a

Here tax revenue depends on the level of real income, and consumption and
saving depend on disposable income and real household net worth. For any
given 1,¢, tax schedule, and level of real assets, equation (11} determunes the
level of y independently of the money market. Determination of the level of)

¥t
1+g

A
et
s(h)+
itg

Flgure 14-11
Income determnation in
the fiscalist mode!
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Figure 14-12
1S and LM in the fiscalist
model.
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in the fiscalist model is shown in Figure 14-11, which should be familiar from
Chapters 3 and 4.

For a given initial price level Py, the saving function is fixed as S(A/Py),
and equilibrium income is y, in Figure 14-11. An increase in the price level to
P reduces real household net worth, increasing desired saving at any given
level of income. This shifts the saving function up to s(A/P,), and reduces
equilibrium y to y,. To translate this into an IS curve in r, y space, we notice
that, for any given price level, equilibrium y is determined independently of
the interest rate. Thus, with P = P, y = v, at any interest rate, and the IS
curve is the vertical 1,8, curve of Figure 14-12.

The demand side of the fiscalist model can be completed by adding the
usual money market equilibrium condition,

Méﬂ = m(r, y), (12)

which gives us the initial LyM, curve in Figure 14-12 at the initial price level
P,. The product market equation (11) determines y,. given Py. The money
market equation (12) then determines ry, as is shown in Figure 14-12. If the
price level rises, the IS curve shifts left due to the real asset effect on the con-
sumption function, toward /,S which is vertical at the y, level in Figures
14-11 and 14-12. At the same time the price increase shifts LM left toward
LM, giving a new equilibrium r;.

The economy’s demand curve, in the fiscalist model, can be derived from
either Figure 14-11 or Figure 14-12. A price increase reduces real assets,
increasing saving and reducing consumer expenditure and real income. This
gives us the negatively sloped demand curve DoD, in Figure 14-13. This can
be confronted by the aggregate supply curve of our general model. $¢S,. or-
of the classical case, 5,5, to determine equilibrium Py, yo. Given Po and yo.
we can determine r, from the LM equation, asshown in Figure 14-12.

What are the effects of policy in this model? An increase in g oracutint
will shift the IS curve to the right in Figure 14-12 and the demand curve to the
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Figure 1413
Demand and suppty in the
fiscahst model

right to D,D; in Figure 14-13. If in the expectations function, p’ < I, rea
output will rise to y, and the price level will rise to P, along the 5,5, supph
curve in Figure 14-13. If the labor market follows the classical case. output
will not change, although its composition will, and the price level will e
to Py

On the other hand, an M increase in this model will shift only the LY
curve 1 Figure 14-12, with no shift of the demand curve in Figure 14.1
There is no effect on either the price level or output; the shift of the LM cune
will reduce mterest rates, but since investment demand is not sensitive 1
interest rate changes, there 1s no effect on demand or the price Jevel,

Thus, the fiscahst view cuts the Hnk between monetary policy and the
rest of the economy, including the price level, by assuming that investment
demand does not respond (o intetest rate changes. In general, the empirical
studies reviewed 1n Chapter 10 do not support this assumption. Business
investment responds to a change in the cost of capital within a year, and
residential construction activity responds even more quickly. The extremt
fiscalist model may be relevant in deep depression conditions, with expected
returns from investment sufficiently depressed that a reduction in the costol
capital will have no effect on investment. But it does not seem particularly
relevant in an economy aperating fairly near full employment.

THE MONETARIST MODEL

The fiscalist mode] made the product market the sole determinant of equili-
riumd d-side output by ing that i d d is insensitive
to interest rate changes, so that the IS qurve is vertical. The monetarist mode!
assumes that the demand for money & insensitive to interest rate changes,
making the LM curve vertical.
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Figure 14-14
Income determination in
the monetarist model.

The demand-for-money function of Chapter 11 can be written as
M= P-mir ). (13

If the elasticity of demand for real balances with respect to real income is
about one, we can write (13) in Friedman's quantity-theory form,

M= Py k. (14)

F rquently this demand-for-money equation is written to include the income
velocity of money, ¢(r), which is the inverse of k(r} in equation (14),

I
Mi=pP-y.—, 15
B e (15)
The monetarist model assumes that the demand for money is insensitive
to changes in the interest rate. This means that k(r) in (14), and the income
velocity v, are not really functions of r, so that the demand function can be
written as

Mé=P-y-

1 P
- Y “6)
ror
with a fixed income velocity r. With the money supply given exogenously as
M = M, the money market equilibrium condition in the monetarist model
can be written as
_ P
M=—-y (19
v
For a given initial price level Py, this equation determines equili?;iugm ¥
as a function of M, with no reference to the product market equilibrium
condition. This is shown in Figure 14-14, which is analogous to Figure 1 4-11
which shows product market equilibrium in the fiscalist model. At the initial
price level Pq, the demand for money is given by (P /r)y, and demand equals

MéAE®

/’ y

ra
vd
i 3

JBﬂ -
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igure 14-15
> and LM in the
onetarist modet

igare 14-16
lemand and supply in the
yanetarist model
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supply at yo. An increase m the price level to Py shifts the demand for money
up to (P, /v)y in Figure 14-14, reducing equilibrium y to y,.

To translate ths into an LM curve in r, y space, note that, given M and
P,, equilibrium y is determined in the money market independently of the
interest rate. At Py, y = y, in Figure 14-14 at any interest rate level, and the
LM curve s the vertical LoM  line in Figure 14-15. To complete the demand
side of the monetarist model, we can add the usnal IS, curve with inital
price level Py. In this case, the IS curve serves to determine the interest rate
7o, With y, fixed in the money market.

A price level increase from P, to P, reduces money market equilibrium y
to y, 1n Figure 14-14, shifting the vertical LM curve to LM, in Figure
14-15. Thus relationship between P and y in Figures 14-14 and 14-15 gives us
the normal negatively sloped demand curve of Figure 14-16, DoD,. The

S
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price increase, of course, also shifts the IS curve left to IS, in Figure 14-15
;I(I;Sezll.ﬂeas the interest rate, but not the level of incomé, ;n the %nonctarisl i
sup;f?liaéﬂ};?—ciﬁ ;:ng%m'the demand curve DyD, in F_igurc 14-16 with .the ;'
A intersectiorn 090 In the general model or S, S, in the polar classical
ase. of the demand and supply curves determines equilib- !
rium Po, yo, and y can be traced back to the ISLM diagram of Figure 14-15
to determine r,,
_ In this model, of course, the implications of policy changes in the fiscal
- Instruments g or ¢ or in the money supply M are just reversed from the
ﬁs_cahst model. An increase in g or a cut in ¢ will shilt the IS curve up in
Figure 14-15, })}Jt leave the vertical LyM, curve unchanged. There is no
cI}ange in equilibrium demand-side y, so no shift of the demand curve in
Figure 14-16. T!le upward shift of the IS curve in Figure 14-15 raises interest
rates, reducing investment enough to just offset the g increase or the policy-
induced consumer expenditure increase. Thus, in the monetarist model, a
ﬁscal. pqllcy change alters the composition of final output but leaves both
equilibrium P, and y, unchanged. This result occurs whether the economy’s .
supply curve is positively slopad or vertical. ;

The monetarist model is not the same as the classical case on the supply
side. The monetarist result of no change in P or y with a fiscal policy change
holds in both the general model with p’ < 1 and the classical case with p' = 1.
On the other hand, in the classical case with a normal negative interest-
elasticity of demand for money, a fiscal policy change affects P but not y.

An increase in the money supply M will shift the vertical LM curve of |
Figure 14-15 out in the monetarist model. This will shift the demand curve
of Figure 14-16 out to D,D,. If the labor supply follows our general. model |
with p’ < 1, or if there are widespread price rigidities, the price level and
output will rise along the S,S, curve to P,,y,. On the other hand, if the
classical case with p’ = 1 holds, y will remain at y, and P will rise to Ps.
Thus, in the monetarist model, an increase in M will raise nominal GNP,

P - y. Whether the increase is all in P or is split between P and y depends on
the labor market assumption. This was the focus of Friedman’s 1970 state-
ment of the monetarist position.

In the fiscalist model, the results of fiscal policy changes are about the
same as in the general model, but the assumption that the interest-elasticity
of investment is zero cuts off any effect of changes in M on P or y. Similarly,
in the monetarist model the effects of M changes are about the same as in the
general model, but the assumption that the demand for, and supply of,
money are insensitive to interest rate changes cuts off any effect of g or ¢
changes on P or y. .

Again, the monetarist model is an extreme special case of our general
model with the interest-elasticity of demand for money, and also of the
supply of money, for that matter, set at zero. Empiﬁml studies of the money
supply and demand functions suggest that this assumption is not gcncrally
correct. At very high interest rates where almost the entire money st'ock 1S
used for transactions purposes, that is, velocity is near a technical maximum,
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Figure 1417
Monretarist and tiscalist
poles of the generat
modet

the monetarist model would be relevant as a special case. But in generat the
interest-elasticity of the excess demand for money—demand fess Supply—
may be around —0.4 measured over three quarters, 5o that the strict mogs.
tarist model also will not generally hold.

THE EFFECTIVENESS OF MONETARY AND FISCAL POLICY

The monetarist and ﬁscalxst models are two exu'eme cases of our genera
model. In the ist case the y is in the near vertica)
section of the LM curve, at ro, ¥, in Flgure 14-17. In that case the limit oa
output is the transactions need for money. An attempt to increase output by,
for example, raising g and shifting the IS curve up wﬂlju.s! raise interest rates
and reduce investment demand. I we write the monetarist’s money market
equilibrium condition (17) as

P-y=Y=cM, %)

we see that in this case nominal GNP is limited by the money supply; with
interest rates very high, speculative balances have been reduced to a minr
minimurm, and velocity pis at a technical maximum. Thus, to change nominal
GNP a change in A is required.

In the fiscalist case with the 1, S, curve in Figure 14-17 nzarly vertical
and interest rates low, the limit on output is aggregate demand. With interest
rates extremely low, an increase in the money supply won't reduce them
much—LA{ is flat—and even if interest rates were to fall, investment demand
wouldn't rise because of depressed expectations. In this case, it is an increase
in g or a cut in 1, shifting IS to the right, that will raise both real and nominal
GNP.

Thus, the fiscalist mode} might be relevant in predicting changes in GNP
when the economy is very slack—-when interest rates are low and unemploy-
ment 1s high, but in an economy with a very high level of both capitat and
labor nulization and high interest rates, the money supply will be the re-
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Figure 14-18
Tax cut and income
increase

Yo Yann

curve at the imtial y, point had been steeper—Ilike the dashed LA cune
i Figure 14-18—the increase in y would have also been smaller-—to y;
mstead of y,. Thus, the steeper the LM curve, that is, the greater ther v
crease needed o maintain oney market equilibrivm wive % TR Y
crease, the smaller the equilibrium y increase. A tax cut, raising income,
raises interest rates along the LM curve, and this increase tends to reduce
nvestment demand, limiting the income increase. The more interest fates
nise, and the more sensitive investment demand is to interest rates, the
smaller the income increase will be. >

This can be made more explicit by going back to the tax rate multiplies
of Chapter 5. Holding the price level P constant, from the tax revenue
equation (19) we have

dT = P-[tdy + ydi},

dT dy
w= P [r T + )].
If tax revenue T 15 to rise with a tax cut, dT/dr must be negative. ‘The only

way this is possible is if t{dy/d) + y is negative, since P is positive. Thus,

so that
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we have for the condition under which a tax cut will increase revenue,

dT . dy
—E;<«0 if 'c-;;-+}‘< 0. 21)
The next step is to obtain the tax rate multiplier dy/dz. To simplify the
problem without changing the qualitative results much, we can hold prices
constant and thus leave the asset term out of the consumption function.
and also assume M is fixed at M by the Fed.
- The product market equilibrium condition is then

y=dy—w)+iny+g (22)
Totally differentiating (22), holding g constant, we have
—_— e

— -

dy=c - (dy —vdy — yde) + 2 dr + 2 ay
or éy

and
il oi
d 1 — (' 1 — —_—_— = — —_ 'Y 92
y[ c(l -1 ay] p dr — c'ydt. (23)
The money market equilibrium condition is
M
F=m= m(r,y) = I(r) + k(y). (24)

Differentiation, holding m constant, gives us

x
O=ldr+k'dy and dr= —-’l:,—dy.

Substitution of this term, the change in r with a given change in y along LM.
back into equation (23) for dr, yields,

il déi K
—l =)= | =2 | = dy ) = Cydr 25
dv[l cl —1) Gy] 6r( T d}) c'ydr, {25)
so that the tax rate multiplier is given by ‘
dy _ -y (26)
o _a-g-t LR
¢ éy or I

The last term in the denominator is positive; it gives the reduction in invest-
ment due to the increase in interest rates along the LM curve. )
Substituting this expression for the tax rate multiplier back into the
inequality shown in (21), we see that for dT/dz <0,
— -rc'y
gi ok

’—a—J:'*"a—r' I;

+y<0.

1—-cd(l—<
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Subtracting y from both sides of the inequality and then dividing by —yuy
reversing the inequality, we have

1—=c+1c¢
and ’ . -
, 3B K
w>]1~ +1c’—$+5; o
Next, subtracting t¢’ from both sides gives us
i B K
_e-B2, 9% .0
! e T <"
or
L@ @ik dT
+a—y_5? T,>l for -E;<0. 11}

The term {(i/dy) — (8i/cr) - (k'/19] is the net change in investment from
one equilibrium point to another, Thus, the condition for a tax cut leadmg
10 an increase in tax revenue is that the marginal propensity to consums
plus the net marginal propensity to invest, including the effect of the endog-
enous interest rate change along LM, is greater than one. The MPC in this
case is out of disposable income, not gross income, since we began by defining
consumption as a function of disposable income, ¢ = ¢(y — 1)), and ¢'s
the slope of this function.

The fact that tax revenue may increase with a decrease in tax rates doss
not imply an unstable situation, as might appear to be the case at first glance.
The MPC out of disposable income is about 0.9, while the MPC out of gross
income is only about 0.65. Thus, if the marginal propensity to invest, [(i/éy -
(@ifér) (k'/17}, is between 0.1 and 0.4, dT/dt can be negative and the IS
curve can still have a negative slope. With total investment running about
15 percent of GNP, 2i/dy may be about 0.15; so, in fact, the condition for
dT/dr < 0 may frequently be on the borderline of being met in the US

The last term in inequality (27), (¢i/dr) - (k'/!"), gives the effect on invest-
ment resulting from an expansionary fiscal policy raising interest rates along
the LM curve. k'/I" is the slope of the LM curve—the increase in r lbzt‘w.ll
maintain money market equilibrium with a given increase in y—and &4
converts this into a drop in i,

If the economy is operating at a point where the LM curve is very fiat
the term k'/I’ will be very small—if the LM curve is perfectly flat, this ter® |
will be zero. In this case a reduction in tax rates is likely to bring abouta?
Increase in tax revenue, since the term (Zi/ér) - (K’/1) will not detract siguf
cantly from the positive value of ¢ + 2i/dy. On the other hand, if the ecoomy
is operating where the LM curve is steep, K'/I" is likely to be large, and 2,
increase in tax revenue is not likely to result from a cut in tax rates.
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i

Thus, a tax rate decrease is the more likely to increase tax revenue the
more slack the economy is when taxes are cut. That is. if interest rates are
relatively low and the LM curve is flat at the initial equilibrium, when tax
rates arecut the interest rate effect of the tax cut is likely to be low, investment

will rise, and the income increase will outweigh the tax rate cut and increase
T, reducing the budget deficit.

ical Stimulus and Deficit Financing

sjure 14-19
Jicit financing and

;ﬂs of the LM curve.
£

The last topic we will cover in this chapter is the question of how the method
of financing a budget deficit affects its expansionary effect. Here we follow
the analysis in a Council of Economic Advisers’ memorandum reprinted
by Smith and Teigen.

Suppose a tax cut is used to stimulate the economy at a time when in-
terest rates are fairly high, but substantial excess capacity and unemploy-
ment exist. In this case, the LM curve is likely to be fairly steep, and the
marginal propensity to invest &i/cy is likely to be fairly low due to excess
capacity, so the tax cut will increase the federal budget deficit.

DEFICIT FINANCING AND THE LM CURVE

The tax cut and the attendant increase in the deficit have two major stimu-
lative effects. First, the tax cut obviously directly increases disposable in-
come. Second, if the deficit is increased, there is an increase in net private-
sector financial assets. Thi¢ follows from the equilibrium condition of
Chapter 3,

I+G=8S+T, (28)
which can be rewritten as

G-T=S-1L (29)

The left side of (29), G — T, is the government deficit. If a tax cut reduces 7,

it increases the deficit, and thus must increase net private saving, S — /.

This increase in net private saving is the increase in private-sector financial

assets corresponding to the public-sector increase in liabilities duc to the

deficit. o )
The stimulative effect of the tax cut and deficit increase, per sc, Is re-

presented by the upward shift of the IS curve from IS, to 1,S, in Figure
" 14-19. Obviously, the expansionary effect of the shift in the IS curve will
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depend on whether the LM curve Stays at LoM,, or shifts to the Tight
with IS. The movement of the LM curve in this case depends on how
Jeficitis financed. IT the financing technique does not increase Teservey
vided to the commercial banking system by the Fed, it does not increase,
money supply and the LA curve remains at LoM. If additional resery
created, the money supply increases and the LM shifts right, adding ty
expansionary effect of the deficit. j

¢ . 7

+
B

METHODS OF FINANCING‘THE DéFICIT

The Treasury has five ways to finance an increase in the deficit. As we
carlier, each of these ways must end up increasing net financial asyy,
the private sector by the amount of the deficit.

First, the Treasury can sell bonds to the nonbank public. This doesy;
affect reserves and thus leaves the LM curve unshifted. When the Trezer
spends the proceeds of the bond issue, it restores the public's holding;
money, which results in an increase in the public’s net financial assetsh
the amount of the bond sale. . R

Second, the Treasury can sell bonds to the commercial banks. T
operation, in itself, does not change reserves and thus leaves the LM an
unshifted. To make room in their asset portfolios for the additional goves
ment securities, the banks will have to reduce lending to the private sk

These two financing techniques involve no change in reserves and
leave the LM curve unshifted at LoM, in Figure 14-19. As a result ¢
upward IS shift tightens the money and credit markets. In the first ez
income and output are raised with no increase in the money supply, crea
excess demand for money which raises interest rates along LoM, in Fig
14-19. In this first case, the increased supply of bonds by the Treas:
depresses bond prices, raising interest rates initially in the bond mak
This leaves the public with more bonds and Jess money than they waat
hold, so their demand for money rises and interest rates rise in the mo
market along LoM,. In the second case, the commerical banks mustsellof
assets—say corporate bonds—to make room for additional governm
securities. This pushes up interest rates on bonds, and again leads to2f
in money market rates along LoM,. The key fact about each of these®
cases is that reserves are unchanged and the LM curve is not shifid,
the increase in interest rates along LoM, tends to reduce investment demz
partially offsetting the stimulative effect of the IS shift.

A third way to finance the deficit'would be for the Treasury to drawdo
its demand deposif hecking account bal t the al ban
This directly increases money held by the public. Since demand ch‘”}”b‘
by the public are counted as part of the money supply, and deposits b
by the government are not, .the result is an increase of the money 47}
by the amount of the increase of the deficit. Reserves remain unchang
however, so there is no multiple expansion of money and credit. Thel
curve shifts out in this case, but less than in the next two cases, Where res®
are increased. )
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L . The fourth way the Treasury could finance the deficit is by selli
' ‘ to the Federal Reserve System in exchange for deposits at) thc{l:hggdl?o?g;
SR Treasyry then woul_d spend these funds by transferring ownership of the
. deposits to the public, who would then transfer them to their banks in ex-
change for a demand erosit at the bank. Thus, the ownership of the deposits
at the Fed would ﬁr}d its way to the commercial banks. These deposits would
then become additional reserves to the banks, and the money supply could
expand by a multiple of the reserve increase.

The fifth way the Treasury can finance the deficit is by drawing down its
balances at the Fed. This would also result in an increase in reserves through
the channel described just above.

The last two cases, then, increase the reserve base and the money supply
by transfgmng ownership of deposits at the Fed from the Treasury to the
commercial bankings system. This is represented by an outward shift of the
LM curve toward L, M, in Figure 14-19. The money supply increasc rein-
forces the expansionary effect of the tax cut by holding interest rates down,
preventing the offsetting drop in investment demand.

The pr_ocedure of financing a deficit by selling bonds to the monetary
authority is frequently referred to as monetization of the debt. If we view
the Treasury and the Fed as one unit, it is apparent in this case that the

- . Treasury is financing the deficit by creating deposits on the central barnk,
that is, by printing money. The deficit in this case is financed by additional
money creation. .

SUMMARY ON DEFICIT FINANCING

If a deficit is financed by selling bonds to the nonbank public, or by selling
bonds to commercial banks with no new creation of reserves. the effect is
to tighter the money market and raise interest rates. This partially offsets
the expansionary effect of the increase in the deficit by reducing investment.
If, on the other hand, the deficit is financed through a creation by the central
bank of additional reserves, expanding the money supply, there will be no
tightening of the money market and thus no offset to the expansionary
effect of the deficit increase. The former case amounts to a shift of the IS
curve along a fixed LM. The latter shifts LM out by increasing M.

In reality, none of these “clean” cases is likely to appear. Any given
increase in the deficit is likely to be financed by a mixture of these methods.
The Treasury, for example, may sel! bonds to the public and to the commer-
cial banks on the New York market. If the money market is already tight
and interest rates are high, the Fed may decide to prevent them from rising
by buying some of the bonds. By buying the bonds, the Fed provides rescrves
through what is essentially an open market operation to keep interest rates
down. Thus, in this case the Fed adds to the reserve base, shifting LM out
and monetizing at least part of the deficit, through its normal open market
operations.

Even in these mixed cases, however, the policy changes can be broken
down into a decision by the Administration to change the degree of fiscal
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stimulus in the economy, shifting the IS curve, and a decision by the i
pendent Fed to either allow interest rates to change along the LA cunl,
holding reserves constant, or to hold interest rates more or fess -
by open market operations that shift the LM curve'and reinforce the B
of the fiscal decision.
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The Foreign Seclor
and the Balance
of Payments

e

Up to this point we have ignored the foreign sector of the economy, essen-
tially developing the theory of income determination in a closed economy.
In this chapter we describe the relationship between the foreign sector and
the domestic economy, beginning with a discussion of how domestic devel-

~-opments affect the balance of payments, and then shifting the focus so the
< feedback of the foreign sector onto determination of the cquilibrium level

of income, the price level, and the interest rate. The U.S. economy is growing
increasingly sensitive to foreign economic developments, through increased
trade, international capital flows, and the effects of changes in world prices
on U.S. prices. Many smaller and more open industrial economies, such
as the United Kingdom and the Netherlands, have always been very sensitive
to external developments. Thus, there is an obvious benefit to be gained by

_extending our discussion of income determination to include the foreign

sector in terms of understanding macroeconomic developments in most of
the industrialized world. The cost of such an extension is low, since the foreign
sector can be fitted into the IS~LM apparatus very conveniently.

The international balance of payments is divided into two major ac-

"counts. The current account records income from the sale of currently pro-

duced goods and of services such as shipping, insurance, transportation of

‘foreign tourists on U.S. airlines, and the use of U.S. technology and capital

abroad. Income from provision of these capital services comes in the form
of royalties and investment income. Total receipts for these sales of currently
produced goods and services appear as exports, X, in the National Income
and Product Accounts. The current account also records payments for the
import of similar goods and services from abroad. These appear as imports,

" M, in the National Income Accounts. Thus, the net exports term X — M

311
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-

inthe GNP identity, -

GNP=Y=CHI+G+(X-M), o
from Chapter 2 1s the current account balance in the balance of Paymeny
1t measures net Teceipts from the sale of currently produced US. ook
and services abroad less payments for U.S, purchases of {oreign-produe
goods and services. -

The second major account in the balance of payments is the capital .
count. This account measures the flow of funds from the US. to purdae
assets from foreigners—U.S. firms' purchases of plant and equipment i
Europe, US. investors purchasing stocks and bonds from foreigners, 2z
so on—and the flow of funds into the U.S. as foreigners purchase asg
here. The balance on capital account measures the net outflow of funds to
purchase assets abroad. This has no direct relation to GNP, since the capit!
account involves asset transfers, not current production.

There is a2 minor third account in the balance of payments—net transke
pay to foreig This includes transfers by the private sector, R, in
Chapter 2, and government transfers such as AID grants and government
pension payments to foreign citizens. These gavernment transfers are inthe
T component of the GNP identity, -

CHI+G+(X—M=GNP=C+S+T+R;. Q@
The reader will recall from Chapter 2 that in computing T, we subtracted

transfer, interest, and subsidy payments'to U.S. citizens from gross tax e

ceipts. Thus, government transfers to foreigners are included in T as taxes
collected but are neither spent on purchases of currently produced goods
and services, G, nor returned to the U.S. income stream as transfer, interest,
or subsidy payments.

The balance-of-payments surplus B is then net exports less the net private
<capital outflow F, less net transfers to foreigners R,

B=(X~-M)—-F~-R, U]

where R is total government transfers plus private transfers, Ry in (2} Equz-
tion(3)defines roughly the *Official Settlements Balance™ in the U.S. batanct-
of-payments statistics. This is the net change in the country's official reserie
position.

‘The interaction between the foreign and domestic sectors of the econory,
as described in this chapter, goes roughly as follows. Exports enter the pre-
duct market equilibrium condition, the IS equation, in about the same w2y
as government purct G—as pendi for U.S. outpit
One difference is that exports should depend on the U.S. price level AsUS.
prices go up—holding foreign prices constant—U.S. exports should fill
Imports enter the IS equation in about the same way as saving or tax 1
ceipts—as withdrawals from the d ic income stream. Imports sho
risc with income and with an increase in U.S. prices relative to foreign prices

1}
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III; 2(1; zfxitl;f)tns.CCtlon of this chapter we will build these relationships into the

The capital account net outflow should depend on the level of U.S. in-

- -terest rates, holding foreign rates constant. Combining the relationship of the
current account, X — M, to the level of income—é(X — M)/éY < O—and
the net outﬁow of capital to the interest rate—¢F/ér < 0—we will, in the
second section of this chapter, locate a line in the r. Y space along which the
balance-of-pa)frpeqts surplus B =0 in equation (3). that is, a balance-of-
payments equilibrium line. The position of an internal equitibrium o, Yo
point rela‘tlve to 'the B = 0 line will tell us whether at that ry. vo point the
economy is running a balance of payments surplus or deficit.

_In the third section we will develop the feedback of the surplus or deficit
with fixed exchange rates on the domestic economy through the money
supply. A balance-of-payments surplus, for instance, adds reserves to the
b.ankmg system, increasing the money supply and shifting ths LM curve
right. The system will not really be in equilibrium until the LAf curve stops
shifting and B = 0.

Next we will look at the actual techniques used to maintain balance-of-
payments equilibrium, still within the context of fixed exchange rates. Coun-
tries have used at times monetary and fiscal policy to maintain balance-

: of-payments equilibrium. This means, in our terms, moving the 1S-LM
intersection onto the B = 0 line. On the other hand, if this involves reducing
real output or raising interest rates beyond politically acceptable limits,
countries have shifted the B = 0line by various means—import taxes, capital
outflow taxes, import quotas, and so on. Also, during the period of fixed
exchange rates up to 1971, they occasionally changed exchange rates to
change the price.relationship between foreign and domestic goods.

In the fifth section of this chapter we will look further into this obvious
way to maintain balance-of-payments equilibrium by permitting the ex-
change rate to float, continuously moving the B = 0 line to the /S-LM inter-
section. During the period 1971-1973, after the dollar was declared in-
convertible into gold by President Nixon in August 1971, the major cur-
rencies shifted to a floating system against the U.S. dollar. These include the
Canadian dollar, the German deutschemark, the Japanese yen, and the
British pound sterling. Most other currencies maintain a fairly fixed rela-

. tionship to one of the major ones, but the basic structure of the monetary
system has shifted to floating rates among major currencies.

In a floating-rate system, the balance-of-payments equation (3) can pc
reinterpreted as a fourth equilibrium condition—supply equals 'dcmand in
the foreign exchange market—in our multimarket static equilibrium rpodcl.

Through the first five sections we take prices as determined within the
domestic economy, and translated into foreign exchange terms by the ex-
change rate. This is probably an approximately correct assumption for the
U.S., which might be considered a price setter in world markets. However,
most smaller countries are price takers in world markets. They face world
prices that are approximately ﬁxed_ in foreign exchange, or dql!ar. terms.
Their exchange rate translates foreign prices into domestic prices. In the
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sixth section of the chapter we modify the model to aliow for the .
country assumption in which causality runs from foreign prices to domeste
prices through the exchange rate. Finally we will conclude with some o
ments on how the balance-of-payments and exchange rate adjustment mech.
anism is hikely to develop in the next few years. We begin by imroducinm:
foreign sector into the product market equiltbrium condition, the IS equatioy

The Current Account and Product Market Eqﬁiiib\rium

Exports will enter the product market equilibrium equation in a way ang.
ogous to government purchases; imports enter in a way simifar to swig
For a given level of aggregate foreign demand and prices, real exports xwi)
depend on the U.S. price level P and the exchange rate e, which is measurs
in units of foreign currency per dollar. The foreign price of US. goodsk
given by Pf = P - e. If the price of 1 U.S. dolfar is 5 French francs so iy
e = 5, a good that sells for $10 will sell for 50 F. Thus, for a given level of
foreign demand and prices, our export function can be written as

x =x(P,e). B

An increase in either the U.S. price P or the exchange rate e will raise ths
foreign price of U.S. goods and reduce exports; thus dx/éP and &x/fe ar
‘both negative,

Imports m will depend on the U.S. level of income y, the exchange ratee
which translates foreign prices into U.S. prices, and the price of competing
U.S. goods P. An increase in the exchange rate e will reduce the US price
of foreign goods at a given foreign price level, tending to increase imports.
An increase in the U.S. price level P will raise the price of U.S. goods that
compete with imports, also tending to raise m. Thus, the import functionis

m=m(y;P,e) (U

Here ¢m/dy, imjeP, and ém/Ce are all positiv'c. The reader should notice '

that the letters M and m afe now doing double symbolic duty, representing
both imports and money supply. This is unfortunate, but this notation is
well-entrenched in the ecanamics literature. The text belaw witl try to make
it clear which meaning should be attached to the letters in each context

PRODUCT MARKET EQUILIBRIUM

‘We can now expand the product market equilibrium condition to include
the foreign sector: -

ctitgtx—me=ctshetry, (63l
or

itgtx=s+tdm+r. (66}
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Figure 15-1 ~
1S curve'including the
foreign sector.

Since we might expect private transfer payments to foreigners r; to rise
with income, we can merge the r, term in (6) into the import term to write
the IS equilibrium equation as

i{r) + g + x(P,e) = S(.V - 1(y), %) +1(3) + m(y, P,e). (N

Here foreign purchases of U.S. goods x inject income into the income stream,
and U.S. imports m withdraw income. To keep the analysis as uncomplicated
as possible and still get the basic qualitative points across, we will leave y
out of the investment function. Inclusion of it would just flatten the IS curve
somewhat. .

The product market equilibrium condition (7) is shown for a given cx-
change rate and initial price level P, as the I,S, curve in the four-quadrant
diagram of Figure 15-1. In the southeast quadrant m(P,) has been added
to the s 4 ¢ function; in the northwest quadrant x(P,) has been added to
the i + g function.

//

i(r) /

itg+x

450

1
2
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\Qs\(lﬁ)-&t-i-m(l’o)
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s+t+m

An exogenous increase in exports due, say, toa general increase in forcign
demand, will increase x(P) and shitt the IS curve out to the nght in I;;guri
15-1. An exogenous upward shift in the import function due, say, toac anﬁ-
in consumer tastes between U.S. and Europcan autos, }ﬂ!l rotate 5t 1r:
s + t + m function downward and shift the IS curve left in Figurc 15-1.
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The slope of the IS curve can be derived by differentiating the equilibrian
condition (7) holding e, P, and g constant. Totally differentiating (7), we have

as N m
fdr=r———— (1= t)dy + t'dy +—d
1 A A T

and
3s am
(I =)+ U+
o _dy=—ion LT
o = - - @
Vs i

The slope of the import function has been added to the numerator of (7),
making the IS curve steeper than the closed-economy IS curve. A drop in
the interest rate r will stimulate investment and raise y through the multi-
plier process, but the increase in y will be smaller in the open economy than
in the closed economy due to the import leakage. This can be seen in the
Chapter 3 simple multiplier expression for a change in g that we can obtain
by diffe iating (7) holding r :

]
dy——as—-a - z')+t'+‘7—'"dg'
Aoy —1(3) ay

Inclusion of dm/dy reduces the value of the simple multiplier.

THE EFFECT OF A PRICE CHANGE ON THE /S CURVE

An increase in the domestic price level P from P, to P, increases both
saving—through the real balance effect—and imports, rotating the s+ ¢ +m
Une down in Figore 15-1, The prite inuvrease 250 shifs the § 4 g % fue
tion in Figure 15-1 to the right as exports are reduced. All of these effects
work to shift the IS curve to the left toward I,S; in Figure 15-1. The price
increase reduces domestic income-related spending both by increasing
saving to restore real assets and by redirecting expenditures to imports,
which become relatively cheaper. It also reduces exports—spending on
domestic output by foreigners— by making foreign goods relatively cheaper.
This reduces the equilibrium income that goes with any given i(r) +4
shifting IS left.
. Anincrease in the exchange rate will have the same effect on exports and
imports as a P increase, but will not directly affect saving, Thus, 2 10 percent
exchange rate increase will shift the IS curve to the left a little less than a
10 percent increase in domestic prices relative to foreign prices.

The modified IS curve of Figure 15-1 can be combined with the vsual
LM curve representing the money market equilibrium condition

M)

= =), o
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to determine internal equilibrium ro and y, on the demand side of the
economy. To see whether that r,, Yo combination will yicld a balance-of-
payments surplus or deficit we can develop the B=0 balance-of-payments
line in the r, y space, introducing the capital account into the analysis. )

The Capital Account and Balance-of-Payments Equilibrium

International capital flows result from the international purchase and sale
of assets. In Chapter 12 we reviewed Tobin’s portfolio distribution view of
the demand for money in which persons with a given amount of liquid
assets split their holdings between money and bonds as a function of the
level of the interest rate. By completely analogous reasoning, we can see that
a person will divide his holdings of assets between foreign and domestic
assets depending on the level of interest rates at home and abroad. For a
given set of interest rates he will reach an equilibrium distribution of his
portfolio of assets between domestic and foreign assets. At any given asset
level, a change in interest rates will produce a redistribution of asscts,
creating capital flows.

As total assets grow, the allocation of additions to portfolios among
foreign and domestic assets will depend on interest rate levels. Thus, as
U.S. wealth grows, U.S. citizens will put a bigger fraction of additions to
their portfolios into foreign assets, the higher the level of foreign interest
rates relative to U.S. rates. And as foreign wealth grows, foreign investors
will put a smaller fraction of increments to their portfolios into U.S. assets,
the higher are foreign rates relative to U.S. rates. Thus, at given forcign
interest-rate levels, the net outflow of capital F—net U.S. purchases of
foreign assets less net foreign purchases of U.S. assets—will be a decreasing
function of the U.S. interest rate,

F=F(r); F <0. (10)

As the U.S. rate rises, the equilibrium net outflow from additions to port-
folios falls.

THE BALANCE-OF-PAYMENTS EQUATION

We can now complete the balance-of-payments equation by subtracting the
net capital outflow F from net exports less transfer payments, measured in
current U.S. dollars. Exports are measured at the U.S. price level; the dollar
value of imports is given by the foreign price P/ divided by the exchange
rate.e. Thus, the balance on‘current account, in money terms, is given by

ps
X—M=P-x(P,e)———;'m(_1',P,€)v {1
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and the balance-of-payments surplus B is
pr
B=P-x(P,e}~ A m(y,P,e} — F(r). [0
Here again we have merged transfers to foreigners into the import functicn,
For the balance-of-payments surplus to be zero, net exports must equal the
net capital outflow.

In a system of fixed exchange rates, equation (12) gives the balanceof.
payments surplus or deficit at the existing exchange rate e. This surplus cr
deficit must be absorbed by the central bank’s {the Fed's) reserves, in order
to maintain the fixed rate. This movement of reserves provides the principal

i hanism of adj in the fixed-rate system, as we st
below. An alternative use of equation {12) is as the excess demand function
in the foreign exchange market with a floating exchange rate. In this case,
the Fed does not permit reserves to change, refusing to buy or sell in the
foreign exchange market. Then with floating rates B = 0, and equation {1}
determines the equilibrium value of e that sets B = 0. Thus the balance-ot
payments equation (12) gives reserve m with fixed exch rates
or determines the exchange rate at B = 0 with floating rates.

We can find the slope of a line in 7,y space that holds B at any given
level including zero. An increase in y reduces net exports, requiring an
increase in r to reduce F if an unchanged surplus is to be maintained, This
can be seen by totally differentiating (12) holding 4B = 0 and all prices
and the exchange rate constant:

P! ém
dB=0= ——-—dy—F'
0 P dy — F'dr
and
P! . ém
dr e oy
g =— . b
d}'Lu:o F

Since ém/y is positive and F' is negative, the slope of the family of BP
lines in r,y space, along which dB = 0, is positive. }

INTERNAL EQUILIBRIUM AND THE
BALANCE-OF-PAYMENTS SURPLUS

We can derive the BP line along which B = 0 from equation (12) by settizg
net exports equal to the net capital outflow, as is shown in Figure 152
Al.a given foreign price level and exchange rate, and a given inilia} us
price level Py, net exports are shown as a decreasing function of y in (ke
southeast quadrant of Figure 15-2. The net capital outflow is shown as2
decreasing function of r in the northwest quadrant. The 45° construction
line in the southwest quadrant represents the constraint that B=0; ot
exports equal net capital outflow.
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Ligure 15-2

slance-of-payments .

(uifibrium,

Surplus B> 0

Starting with an initial income level y,, we can trace around the four-

« quadrant diagram to find the interest rate r, that equates the net capital

outflow to net exports. This gives us an rq, y, point where B = 0. The line
connecting all such ro,y, points which maintain B = 0 is shown as the
BgP, line in Figure 15-2. This is the balance-of-payments equilibrium line
in ther, y space. Any r, y point below the line will yield a balance-of-payments

- deficit. At point A, for example, the interest rate below r, yields a capital

outflow in excess of the net exports level corresponding to y,. Conversely,
any r, y point above the By Py line will yield a balance-of-payments surplus,

To determine whether any given internal equilibrium r,y point deter-
mined by the intersection of the IS and LM curves will yield a balance-of-
payments surplus or deficit, we can simply superimpose the BP line on the
ISLM diagram, as shown in Figure 15-3. There the equilibrium ry, y point
lies below the B, P, line, so that at the existing price level Py, which main-
tains equilibrium between demand and supply in the domestic economy, the’
balance of payments is in deficit. At income level y,, the interest rate would
have to be raised to r, to reduce the net capital outfiow enough to eliminate
the deficit. We will turn to questions of balance-of-payments adjustment
after analyzing the effect of a domestic price change on the position of the

BP line.
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PRICE CHANGES AND BALANGCE-OF-PAYMENTS EQUILIB\RIUM

The current account in the balance of payments, in money terms, is givt
by
N

!
CA=X=M=P x(B,e) = miy,P,e). i
~ €

This expression is shown in the southwest quadrant of Figure 152 for
a given exchange rate, foreign price level, and initial domestic price levl
Py. An increase in the domestic price level will increase real imports—
&m/3P > 0—as foreign goods are substituted for domestic goods Withz
given foreign price level and exchange rate, this will also increase the US
dollar value of imports, M. N

Similarly, an increase in P will reduce real exports, dx/2P <0. But
whether the money value of exports X rises or falls depends on whethr
the decrease in real exports outweighs the increase in price—that is, on tht
elasticity of foreign demand for exports. Starting with X = P-x(P,eh %
can differentiate with respect to P to obtain

X e p® (140
. P P~ xéP)

The last term in parentheses is the price elasticity of demand for exports
E, = (x/x)/(3P/P), which is negative since a price increase-reduces sales
volume along a negatively sloped demand curve. Thus, the expression fot
8X /0P can be written as \

' \

. % =x{1 +E,). Ul
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Figure 154"
Price effect on balance-of-
payments equilibrium.

If the demand for exports has an elasticity greater than unity in absolute
value, that is, E, < —1, 6X/€P will be negative and a price increase will
reduce the money value of exports. In this case, where E, < ~1. a price
increase reduces X and increases M, clearly reducing net exports, CA in
equation (14), at any given ) level. Thus. with E, < —1, a price increase will
shift the net export line in the southeast quadrant of Figure 13-4 up, shifting
the BP line up toward B, P. If a price increase reduces net exports at the
initial income level y,, an increase in the interest rate from ry to ry is
required to reduce the net capital outflow enough to eliminate the balance-
of-payments deficit.

Even if the absolute value of E_ is less than unity so that a price rise
increases export revenue X, the increase in X would have to be large enough
to ofiset the increase in M if the price increase is to shift the BP curve down
instead of up in Figure 15-4. Thus E, < —1 is a sufficient, but not a neces-
sary, condition for a domestic price increase to reduce net exports and shift
the BP line up in Figure 15-4.

The full statement of the condition on demand elasticities for a domestic
price increase to reduce net exports is that the sum of the import and export
elasticities be less than — 1. Empirically, this condition is most probably
met. For example, Houthakker and Magee found that the overall price
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clasticity of demand for U.S. exports is about —05, and that U§, rsen
demand has a price elasticity of about —1.5. Thus, while it is theoretiyy,
possible that a price increase would increase net exports; X — M, the en.
pirical studtes suggest that, in fact, this is not the case.

THE EFFECT OF A CHANGE IN THE EXCHANGE RATE

Returning to the expression for net exports

!
X—M=P~x(P,e)—%-m(y,P.e), {1y
we can see that an increase in the exchange rate—that is, an upvaluatin
of the dollar—will reduce real exports, dx/cée < 0, and increase real imporyy,
émje > 0. The real export drop will reduce X at a given U.S price leval
But for a given foreign price level P/, the e increase reduces the dofe
price of mmports, P/fe. Thus, an increase in e reduces the dollar price of
imports and increases real imports m. Again, whether M rises or falls withg
e increase depends on the U.S. price elasticity of demand for imports ia
a way exactly analogous to the previous case concerning the effect of 3
change in Pon X.

1{ the mmport elasticity E,, has an absolute value greater than one th
e increase will reduce net exports X — A, and shift the BP curve upin

Figure 15-4. And even if E,, > —1 so that dM/de <0, the e increase cn |

reduce X — M due 1o the reduction in export carnings. Since the empitict
studies generally suggest that E,, is substantially greater than one in abso-
lute value, it seems clear that, in fact, an “up-valuation™—an increase ine—
will reduce net exports and shift BP up. Conversely, s devaluation—2
decrease m e—~will shilt BP down in Figure 15-4, In a 1972 survey of the
evidence on devaluation, Branson found that a U.S. devaluation of about
7 pereent as in 1971 would mcrease U.S. exponts by abour 533 vilivn nd
reduce imports by about $2.6 billion, over a period of two years of so.
From 1971 to 1973, in fact, the merchandise trade balance improved by
about $3.2 billion. This, of course, suggests ihe obvious way to handie the
deficit situation in Figure 15-3 if the ro, y, combination is rizht_ from the
point of view of internat domestic needs. This takes us to the important
question of the balance-of-payments adjustment process.

Balance-of-Payments Adjustment and the LM Curve

A balance-of-payments surplus situation with fixed exchange rates is showa
in Figure 15-5, The internal equilibrium interest rate and real income pomt
corresponding 1o the IS-LA{ intersection #,, 3, lics above the BP line. This «
means that at y, the interest rate r, is so high that net exports excced the
net capital outflow. It would take a reduction of the interest rate from7
to ry to reduce the surplus to zero.
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The balance-of-payments surplus, B > 0, means that both the com-
mercial banks and the central bank—the Federal Reserve System—are
accqmulating reserves. With a surplus, the business sector’s receipts from
foreigners exceed payments. This means, essentially, that on balance the
commercial banks in the U.S. are receiving for deposit checks denominated
in foreign currencies. Either U.S. citizens are, on balance, receiving forcign
currency checks and depositing them, or foreigners are buying U.S. currency
from the banks, paying in foreign currency checks, and then paying their
bills in dollars.

In either case, the commercial banks are in net receipt of forcign cur-
rency deposits, which they then deposit at the Fed, which credits them with
the appropriate amount in dollars. At that point the Fed has an increase in
foreign exchange reserves, and the commercial bank has an increase in
unborrowed reserves, deposits at the Fed.

The Fed can essentially do two things with its increment to foreign
exchange assets. First, it can lend them to the foreign country by buying,
say, a treasury bill of the foreign government. The bill is then held as an
increase in U.S. official reserves. Or, the Fed can buy gold from the foreign
central bank. The gold then becomes an addition to reserves.

SURPLUSES AND THE MONEY SUPPLY

The more interesting result of the surplus, from the balance-of-payments
adjustment point of view, is the effect on commercial bank reserves. When
the commercial banks deposit forcign exchange at the Fed, their reserves
go up by the amount of the surplus B. This rcpresents an increasc in un-
borrowed reserves, and, all other things equal, expands the money supply by

: B
= — (17
AM h+=(1-=hy )

where } is the fraction of the money supply the public holds as currency,

and z is the reserve ratio, as developed in Chapter 13. o
Thus, the situation shown in Figure 15-5 cannot be a full cqgnl.ibnum
sitbation because the surplus is increasing the money supply, shifting the
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LA curve to the right. As long as the IS-LM intersection & s
BP lIime the surplus or deficit tends 1o shift the LM cune toxard s g
section of the IS and BP lines. 3

ADJUSTMENT THROUGH SHIFTS OF THE LA CURVE

In the absence of central bank open-market operations to txrry
external resenve increase, the LM cunve thus shifts right with a b
payments surpfus and feft with a deficit as the money sepph Ay
Figure 15-6 shows the area around rq, yp in Figure 15-S tlown cranney
follow the adjustment process.

As the money supply increases, the LAf curve shifts right frem Ly
As usual, the LM shift increases demand in the cconomy, creatag em
demand and raising prices. The price level increase moderates the [ ¢
stnce with P rising the real money supply == M/P increases ke i
than the nominal money supply M. The price level increase ahio 8231
IS curve Ieft from 1oS, duc 1o both the assct effect in the conezzy
function and the reduction in real net exports.
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If the price increase is raising equilibrium output and cmployment on
the supply side of the economy, then the internal equilibrium point A in
Figure 15-6 is moving down and to the right, as indicated by the arrow
from A. The point here is that since the price increase, resulting from excess
demand, is raising supply-side output, the internal equilibrium point must
move to the right in Figure 15-6; the IS and LA shifis resulting from the
price increase cannot overbalance the LM shift due to the initial M in-
crease and shift the internal equilibrium point A to the left.

At the same time that the surplus is raising output and the price level
internally by increasing M, the price level increase is alsa shifting BP up
from B,P,, as we saw in the previous section. With the IS curve shifting
left, this moves the IS-BP intersection at point B up and to the left, as
shown in Figure 15-6.

With the internal equilibrium point A sliding down the shifting IS curve,
and B moving up it, eventually equilibrium will be reached both internally
and externally at r;. v, in Figure 15-6, where all three lines cross. Since the
A point is moving to the right, the final equilibrium y, exceeds the initial
internal equilibrium y,. The balance-of-payments surplus eliminates itself
by increasing the money supply and the price level in the economy, which
increases y and reduces r, both of which act to reduce the surplus B.

Thus, in a fixed exchange rate system, balance-of-payments surpluses
and deficits tend to be self-liquidating through the monetary mechanism.
A surplus increases the money supply, expanding demand, output, and im-
ports and reducing r which increases the net capital outflow. A deficit
reduces the money supply with just the opposite results.

This is the adjustment mechanism underlying the monetary approach to
balance-of-payments analysis. The approach focuses on predicted money
flows internationally to forecast balance-of-payments developmcn.ls.. rather
than trying to add up current account and capital account predictions. It
also recognizes that full equilibrium requires B = 0 for the money stock to
be constant.

STERILIZATION OF THE SURPLUS

The central bank can prevent this kind of adjustment, at least tcmpox.'anlly:
" in one of two ways. In the case of a surplus, the central bank can simp }l
refuse to credit foreign exchange deposits as reserves.‘The commgr(t::a
banks can obtain domestic deposits or currency fon: foreign cxchaqu_:, ut
these may not be counted as reserves. This is sometimes called sterilization
of the surplus—insulating the domestic economy from xfs ef_}”ec;\s, A
The other way to counter the effect of B on reserves is t roug % y
market operations, selling ’boglds to thes_2’;1;1;3ntf;fa:s&rgd:c?;xccz.c This
procedure will also work in the reverse si . The cenura)
3 t ell reserves. buying bonds, to the commercial banks

?:r?ll:;cecat?le?(;gssses as they convert deposits at the central bank into foreign

exchange to send abroad.
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Both of these techniques are essentially stopgap measures lzlm
msulate the economy from the effects of the deficit or surplus whi
policies work to bring the economy into full external and iny

2. i ; emat
brium. For example, if in the deficit situation of Figure 15-3 the ,-MW
was. idered the opti from a d ic point of view—fy] ¢

i
ment and interest rates low cnough to meet an investment ““;:Eb
government would not wish to let the adjustment process work 10 12
and reduce y. Or in the surplus situation of Figures 15-5 and 15-6 the Wiee
ment may feel threatened politically by the prospect of a price kwh;,
crease—an inflation. In these cases the monetary authorities would Coupty
the effects of the surplus or deficit while policies to shift the Bp lme to g,
desired position were undertaken. Herring and Marston provide Videny
that up to 90 %, of international reserve fiows among the large wdusy,
countries were sterilized during the fixed-rate regime of the 1960s

Balance-of-Payments Adjustment Policy with Fixed Rates ‘

Figure 157
Batance-af-payments.
policy
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Suppose the policy maker finds the economy at the internal equilibne
7o, 3o Pomt A m Figure 157, running a payments deficit since pomt 4y
below the ByP, curve. The monetary adjustment process would notmd)
mvolve some reduction 1n y and increase in r in the direction of the arow
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from points A and B in Figure 15-7. But suppose further that the policy
maker wants to establish full equilibrium at point E with onlv a slicht drop
in y, but a larger increase in intercst rates than would be attained by the
normal adjustment process. )
The Qroblem. then, is to shift BoP, to B, P, and to use monetarv and
ﬁscgl policy toshift LoM, to L, A, and 1,5, to 1,S,. Thus, we can divide the
policy problem into two parts. First. the normal monetary and fiscal policy
gool§ can be used to move the /S and LM curves to an intersection at E
in Figure 15-7. Then. some direct action specific to the balance of pavments
must be taken to move BP to B,P,. The first part of this process—the
change in the monetary-fiscal policy mix to move internal equilibrium from

point A4 to point E—is already familiar. It is the policy that shifts the BP
line that is of interest here.

EXCHANGE RATE ADJUSTMENT

The most obvious way to shift the BP line and eliminate a deficit or surplus
without much disturbing internal equilibrium is to change the cxchange
rate e. An increase in e—an upvaluation of the domestic currency——-will raise
the foreign price of exports and reduce the domestic price of imports, reducing
net exports and the balance-of-payments surplus at any given interest rate
and income combination. In graphical terms an ¢ increase will shift the BP
line up, so that a country in the surplus position illustrated in Figures 15-5
and 15-6 can eliminate its surplus and restore full equilibrium by up-valuing
its currency.

A decrease in e—a devaluation of the domestic currency—will increasc
the current account balance and reduce a balance-of-payments deficit. A
country in the deficit position illustrated in Figures 15-3 and 15-7 could
thus restore full equilibrium by devaluing, shifting the BP line down.

DIRECT MEASURES AFFECTING THE CURRENT ACCOUNT

Instead of changing the exchange rate, the government can change the current
account surplus by manipulating tariffs, import quotas, taxes, or subsidies.
For example, an increase in an import tariff will reduce the dollar value of
imports if the price elasticity of demand is greater than onc in absolute value.
This would shift the BP line down and reduce a deficit. Similarly, an import
quota will reduce imports to the quota level, again shifting BP down. Both
of these techniques of adjustment Tun counter to the General Agreement on
Tariffs and Trade (GATT), to which most nations are partics. Thc GATT
basically rules out unilateral tariff changes and.allows_quota impositions
only in extreme cases. This is because all countries realize that both tariffs
and quotas reduce the gains in cfficiency and welfare that are obtained by
free trade. In addition, most countrics understand that if one country violates
the rules of the game established under GATT and erccts import barriers,
other countries will retaliate, cutting off the first country’s exports and

leaving everyone worse off.
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A more politically acceptable direct currerit-account measure Isthe

of taxes and rebates to influence trade flows. For example, several Eurg .
countries rebate, to producers and sellers, taxes they pay on produc\mp::(
ttemns shipped abroad, and apply to imports taxes equivalent to th
in domestic manufacture of the item. Changes in the degree to which thee
subsidies and taxes are applied will shift the BP curve, Frequemt mamph
tron of these taxes and subsidies is generally considered to be bad interrs.
tional behavior, since such action really is just a way around the GATY
prohbition on tanff manipulation. Thus, countries tend to Justly ¢
institution of such schemes as long-run structural tax changes and to s,
them in place once they are established.

05t s

DIRECT MEASURES AFFECTING THE CAPITAL ACCOUNT

The balance-of-payments surplus can be affected, and the BP line shif
by direct measures affecting the net capital outflow, as well as the cum
account. The most prominent use of these measures in the 1960s wast:
interest equalization tax (IET) and the foreign credit restraint (FCR) prognz
instituted by the U.S. to stem its capital outflow in the mid-1960s

The IET was a tax on U.S. purchases of {oreign stocks and bonds, inttaly
imposed mn 1964. The tax reduced the return on foreign portfolio imvestme.
and thus reduced the fraction of additions to U.S. assets that went abroed
The FCR program, begun in 1965, limited the outflow of capital first thrond
lending by banks and nonfinancial institutions such as insurance companis..
As the years passed to 1970, corporate fi ing of direct abrowd
was brought under this program. These techniques all served to shift the US
BP Iine down during a period of chronic balance-of-payments deficit. Thee
capital control programs were eltminated during the years 1971-1972
the international monetary system shifted toward floating exchange rits
for the major currencies. With exchange rates providing for balance<f
payments adjustment, there was no longer any need for direct measurst

Flexible Exchange Rates

Direct measures influencing the current and capital accounts were wsush!
used under the post-WW I Bretton Woods system to avoid exchange i
adjustment in the case of a balance-of-payments disequilibrium, Thereat
several reasons for this reluctance to change exchange rates.

First, at the International M y Confe held at Bretton Woolt
New Hampshire in 1944, which set up the International Monetary Furi
(IMF), the industrial countries agreed that changes in exchange ratessh
be made only in cases of fundamental disequilibriwm. This fixity of excharst
rates was idered ary to minifnize uncertainty in order to encouras
international trade. The fyndamental disequilibrium notion was generslf
interpreted as ruling out frequent exchange rate changes, leading countns
to resort to direct measures.
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’Sl;,};et:esrsczgge ’z;ng closel;;vrelatcd reason is thal' the imcmmi’onal monctary

m ur retton Woods was biased toward devaluation. A country
running a surplus—suitably sterilized—and accumulating reserves had no
Incentive, other than international disapproval of its behavior. to climinate
1ts surplus. But on the other side of the coin, the country running the cor-
responding deficit had to take some action before it ran out of reserves. The
natural step was devaluation, which is politically unpopular for two kinds
of Feasons. First, in a country dependent on imports for basic staples of
living, h!ce the U.K., a devaluation will be unpopular because it raises the
price of imported foodstuffs. And the bigger and morc obvious the devalua-
tion, the more unpopular it will be. Second. there seems to be a loss of na-
tional “face™ when the currency is devalued. Since most voters do not under-
stand the issues involved very well, it is easy for an opposition politician to
score points by decrying the “cheapening of our money.”

Thus, in the Bretton Woods system, exchange rate changes tended to
be infrequent. Since they came late they gencrally had to be large, and this
exposed the government that devalued to severc political problems. As a
result, exchange rate changes were used as a last resort after all the other
ways of manipulating the BP line to restore equilibrium had been tried
under Bretton Woods.

THE SHIFT TO FLEXIBLE EXCHANGE RATES

During the period 1971 ~1973 the Bretton Woods system broke down under
the pressure of enormous U.S. balance-of-payments deficits. By the end of
the 1960s the U.S. trade balance had shrunk to zero under the pressure of
excess demand and an overvalued dollar. The current account batance be-
came negative in 1968, and was —$3.9 billion in 1971. With monctary policy
easing in 1970~1971 following the recession of 1969 - 1970. the U.S. Official
Settlements Balance was —$9.8 billion in 1970 and —$29.8 billion in 1971.

To keep exchange rates fixed. foreign central banks had to buy this out-
flow of dollars: this caused them sterilization difficulties, and they felt that
their domestic money supplies were running out of control. In the face of
the huge deficit in 1971, and the shrinkage of the U.S. gold stock from 515
billion in the mid-1960s to $10 billion in 1971, as foreign central banks ex-
changed dollars for gold, the Nixon Administration cnded gold sales i
August 1971. This cut the Bretton Woods tic of the dollar to gold and clearly
put the choice to the European countries and Japan:‘absorb the dollars
flowing out through the U.S. payments deficit, or permit exchange rates to
float.

A new set of rates was negotiated at the Smithsonian Institute in
Washington on December, 1971, with the dollar devalued by aboul 7 pereent
on average. These rates held, more or less. through 1972, with anpthcr
$10.4 billion flowing to foreign central barks through the US. chﬁcu‘ As
this deficit continued into early 1973, foreign central banks, cspecially the
Deutsche Bundesbank and the Bank of Japan. gave up on holding the new
parities, and floated their exchange rates against the dollar, The monetary
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system has seen the major currencies floating since 1973, wity Sate
countries pegging their currencies to one or another of the major couniy.

DETERMINATION OF THE EXCHANGE RATE

The polar opposite case from the Bretton Woods system is a compltey
free exchange rate system, with rates determined by supply and demazdy
the foreign exchange market. This provides continuous exchange
hannes, Aways maintaining the BP line passing, through, the. interae
of the IS and LM curves and eliminating the bal I-

! probley
The foreign exchange market can be understood by viewing the g7
equauon,

i

P
B=P-x(P,g) =L miy,P.e) - Fir) ]

as the foreign exchange market equibibrium condition with B = 0.
Demand in the foreign exchange market is generated by US. expors,
P - x{P,e). These earn foreign exchange receipts, which exporters then ke
1o the foreign exchange market to obtain dollars. The greater the 1ot
vatue of exports, the greater the demand for dollars. At the same time
forergners are receiving dollars due to U.S. imports and net capital outfos
They supply these dollars to the foreign exchange market. The greater the
vatue of imports and capital outfiow, the greater the supply of dollarg
Thus, we have the supply of dollars to the foreign exchange marke,

=2 miype + FO), )

where 0S/¢e is posilive. An increase in the exchange rate increases import

carfings if 1mport demand has a price elasticity greater than unity. The
desmand for dollars is piven by

D=P-x(P,e); ‘;—f <0. )

The equilibrium price of the dollar—the exchange rate—is established where
demand equals supply, at py in Figure 15-8. Equating demand and supply

45
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Monetary policy and the . |

.exchange rate.

gives us the foreign exchange market equilibrium condition,
pr
P~x(P,e)=?‘m(_\',P,c)+F(r), 20
which is the same as equation (18) wi.th B set at zero.

INTERNAL AND EXTERNAL EQUILIBRIUM

Wit‘n‘a‘ given foreign price level P/, the foreign exchange market equilibrium
condition (21) can be combined with our usual equilibrium equations for
tpe product, money, and labor markets and the production function to yicld
simultaneous equations in five key variables, y, N, P, r, and e, the exchange
rate.

The foreign exchange market equation (21) is represented by the BP line

" in the r, y space for any given e. A change in ¢, as we have seen, shifts the BP

line. If e continually changes to clear the foreign exchange market so that
the supply and demand of dollars in Figure 15-§ are always equal given
the internal equilibrivm r and y, then the ¢ changes continually shifting the
BP line to pass through the IS-LM intersection.

_In Figure 15-9 the effect of monetary policy on the exchange rate is
illustrated. Beginning with an initial equilibrium at point A, suppose the
money stock is increased, so the LM curve shifts out to L, M. The internal
equilibrium point moves to B. What happens to the exchange rate ¢? It
must change to shift the BP curve to B, P, which passes through the new
internal IS-LM equilibrium B. This implies an immediate drop in ¢ to shift

_ the BP curve down. The force behind the drop in e can be understood in

Figure 15-8. As the interest rate falls, there is an increased capital flow F(r),
increasing the supply of dollars to the foreign exchange market. This shifts
the supply curve out in Figure 15-8, reducing the equilibrium value of e.
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This movement is reinforced by the increase in y in Figure 15-9, whic, 1oy
shifts the supply curve in Figure 15-8 by increasing imports. Thus, 2g ¢,
pansionary monetary policy will le.ad quickly to 2 devaluation in the figags,
exchange rate e, and a contractionary monetary policy will lead 0
upvaluation.

The effect of fiscal policy on the exchange rate is unclear, however Ay
increase 1n government purchases pulls up interest rates, reducing the cap
outflow, but also increases real income y, increasing imports. The directiog
of the supply curve of shift in Figure 15-8 then depends on the relatve
strength of these two effects In Figure 15-9, with ByP, steeper than LM,
an expansionary fiscal policy move, shifting IS up, would require a dowy.
ward shift in BP, and thus a devaluation of e, to restore external equilibriun
But 1if BP were flatter than LM at the start, the opposite results would hold.
Empurical results for the U.S. and Canada suggest that the BP line is fairhy
steep. Helliwell's stimulations for Canada show that the slope of the 87
line is about the same as that of the LM curve; fiscal policy in Canadais
approximately neutral with respect to the exchange rate. Branson's cal-
culations for the U.S, reported in 2 comment on Kwack and Schink, shon
a BP line steeper than the LM curve; an expansionary fiscal move wil
result in devaluation.

Comparing monetary and fiscal policy effects on the exchange rate, we
see that a shift in monetary policy has a clear and probably quick effect o1
the exchange rate, while the sign of the effect of fiscal policy is unclear. Thus
in designing policies to maintain internal and external balance, it would
make sense to assign fiscal policy to the internal output or employment
target, with monetary policy eliminating the effects of any on the exchange
rate. Or, if an active exchange rate policy is to be pursued, this should t
done mainly through monetary policy, which has a comparative advantage
in influencing the exchange rate.

The Domestic Economy as a Price Taker

Up to now, we have taken the price relationship P/ = e - P as translatiog
a domestically determined price level P into foreign terms. This implicitly
assumes that the economy is large in terms of world markets, so that the
foreign exchange, or world, prices of its goods are determined by intemal
cost and demand conditions. For the U.S, economy, this is probably a good
assumption.

However, for smaller industrial economics, the causation probably ruas
the other way. The small country is usually considered, in the literature 00
international trade, to be a price taker on world markets. If we consider the
extreme simplifying example of a small industrial country that produces
only goods that are traded on the world market, it faces given world prices
P/ for these goods. The exchange rate e then translates the world prict
ndex P/ into home prices as -

P = Pfle. (21}
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Figure 15-10

; Supply and demand in

_ the small-country case.

In the extreme small-count ; ice i
don%;s.tic el ove o o Pr}’, :ase, the world price is fixed at P! and the
Is gives us a horizontal aggregate supply curve at P = Pfe for

small country, as shown in Figure 15-10. Thipﬁoint ofimcrsecti{;rl\t\\g?l‘l :22
usual downward-sloping aggregate demand curve eives the equilibrium level
of output y, and the domestic price level Py = (Pf7e)o. In the smail-country
case thg usqal 1S-LM analysis fixes the demand curve. But the price level is
determxped in the world market. and the intersection of the normal dcmané
curve with the world-market supply price determines output,

P =P{/e0

-

EFFECTS OF AN INCREASE IN P/

The small-country model gives us a good interpretation of the effects of an
exogenous increase in world prices. An example is the oil price increase in
1973-1974. We previously analyzed this case in terms of domestic supply
in Chapters 6 and 7. Here we short-cut that analysis with the small-country
assumption.

As P/ rises, to take a pertinent recent example, the domestic price level
(supply curve) rises to P; = P,’/e, in Figure 15-10. With the demand curve
unshifted, output falls to y,. In the IS-LM diagram implicit in the back-
ground, the price increase from P, to P, has reduced equilibrium output
demanded from y, to y;. The exogenous increase in the world price level
both raises the internal price level and reduces output in the smaller indus-
trial countries. This is a good illustration of the effects of the oil price increase
in most European economies in 1974-76. :

The results of an increase in P/ on the current account arc unclear, Jf
the increase were on all goods, strictly speaking the price-taking small coun-
try would see no current account effects. Prices of imports and exports
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Figure 1511

Monetary policy in the
small coun~

would rise by the same amount. But if the price increase were only ona
spectfic import such as energy, then the effect depends on the price-e[amd‘)
of demand E,. If it is less than —1 in absolute value (0 X E, > 1) they
impost payments will rise. This was clearly the case with the oif PriCe 1.
crease, where substitution possibilities were severely limited in the short un,
In that case the inflation and falling output in the Europcan economies ang
Japan were accompanied by increased current account deficits This analysis
can be easily extended to changes in export prices, and 10 tariffs on exports
or imports, as well.

EXCHANGE RATE FLUCTUATIONS AND THE POLICY MIX

Movements in exchange give results that are symmetrically opposed to those
due to changes in P/, This should be apparent in Figure 15-10, The upward
movement m the domestic price level from Py to Py could follow from a
reduction 1 e, as well as from an increase in P/. Thus, a devaluation with
e falling can raise the internal price level of a small country, and reduce the
fevet of output. An upvaluation would have the opposite effect.

This feedback from the exchange rate to the domestic price level, cou-
pled with the effects of monetary policy on the exchange rate, discussed
above, makes management of monetary poticy a difficult task in the smalt
open economy Figure 15-11 shows the effects of an expansionary monetary-
policy action in this context. A monetary expansion shifts the demand cune
out from DD, to D, D,. In the closed economy analysis of Chapters 1-14
this is clearly expansionary. But we saw in Figures 15-8 and 15-9 thata
monelary expansion reduces the exchange rate e. This shifts the interal
price level m Figure 15-11 up to Py = Py//e,. The result for the price level
is clear: the exchange rate effect raises it. The result for real output is unclear.

by
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g;’h:;l:iesr the&r‘lew v_alue for real output at point B exceeds v at point A4
D on the entire structure of the economy. Thus, in the small open
cconomy, monetary policy can influence the price Ievel directly through
th(_a exchange rate, while the effects on real output may be unclear.’Empirical
evidence supporting these results has been presented by Dornbusch and
Krugman. )
_ This am})iguity does not exist for fiscal policy. As we saw earlicr, a shifi
in DD in Fxgure: 15-11 following a fiscal policy expansion is accompanicd
by an 1ndetenn1n51te movement in e. In the Helliwell study for Canada,
there was approximately no effect on ¢, so the DD curve would shift out
along the given Pg supply schedule.

Thus, the small-country results reinforce our earlier conclusions in the
use of monetary and fiscal policy. The comparative advantage of fiscal policy
lies in influencing domestic output. Monetary policy has the comparative
advantage in moving the exchange rate. In the small country, this gives
monetary policy a clear target on the price level or the rate of inflation, with
fiscal policy aimed at output.

SMALL COUNTRIES AND LARGE COUNTRIES

The small-country analysis above shows us a direct link from monetary
policy to inflation. This link exists to some degree in large countries, even
in the U.S. So the message for management of the policy mix with flexible
exchange rates is to look for the short-run effects of monetary policy on
the exchange rate and the price level. With a flexible instead of a fixed ex-
change rate system, fiscal policy is likely to have a more predictable cffect
on output, and less predictable effect on the price level.

As we move across the spectrum from large to small industrial countries,
the separation between monetary policy as an instrument moving P via e
and fiscal policy moving y becomes greater. But even for U.S. policy, an
increased awareness on exchange rate effects of monetary policy would be
a good idea,

onclusion: Likely Developments to 1980

The first half of the 1970s saw the end of the Bretton Woods system and a
shift to a system of floating exchange rates among major countries. It also
saw a tripling of international reserves as foreign central banks at;sorbcd
dollars in unsuccessful attempts to hold their exchange rates against the
dollar. From 1971 to 1973 there were attempts to reestablish fixed rates, but
by 1975 to 1976 this was given up as a hopeless cause in the unstable interna-
tional macroenvironment of the 1970s. Floating exchange rates are the

monetary system of the coming years. ] )
The enormous increase in international reserves has pushed issucs in-
volving reserve creation through SDRs into the background. Instecad the

focus for the coming years is likely to be (a) financing of surpluses and deficits
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asspciated with the energy price increases through official institutions Such
as the IMF, and (b) of floating 2e TaLEs 10 meet targe
of macroeconomtc policy. The discussion of the connection between th
exchange rate and monetary and fiscal policy in this chapter provides g
mital analyticat basis for policy thinking on exchange rate managemen|,
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We have now given a full account of the static equilibrium model and its
extensions, which represents the mainstream of post-Keynes macrocco-
nomics. This model uses the IS-LM framework introduced by Hicks. It
is often called the “neoclassical synthesis,” because in a simple, general
equilibrium setting, the framework appears to be consistent with traditional
microeconomic analysis in terms of supply and demand. Behavioral equa-
tions at the macrolevel are obtained by adding up the behavioral equations
of individuals whose information about market events is limited to prices.
Our purpose in this Chapter is to present an alternative view of macro-
economics and its microfoundations.

Ie Reappraisal of the Foundations of Macroeconomics

{
3

The question now arises: is the neoclassical synthesis an adequate repre-
sentation of Keynes’ General Theory and its underlying vision? This qucstio'n
has provided the motivation for a significant proportion of macrocconomic
research in the last ten years.

We set up the basic general equilibrium framework in our skcletal
closed economy model with the four unknowns: output, employment, the
interest rate, and the price level. As Chapter 7 explained, the solution can

“:Adaptcd from John Muellbauer and Richard Portes, “Mncro;conomic Mod.cl§ with
Quantity Rationing.” The Economic Journal, December 1976. Reprinted by permission of

Cambridge University Press.
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be obtained from the three equilibrium conditions, respectively, s,
duct market, the money market, and the labor market, and the e
equation, which 1s the production function linking output and ey’
The equilibrium conduitions in the general case reflect an equiibrys
which each market clears.

KEYNES AND THE NEOCLASSICAL SYNTHESIS

One of Keynes' central preoccupations was to explain how widesproat
soluntary unemployment can exist and persist when the [abor marke ¢
not clear. As we have seen, in the neoclassical synthesis this can arke g3
m specal circumstances, so the General Theory could be seen mersty
spectal case ofa more general theory, With the liquidity trap appearing e,
implausible, only money wage rigidity remains as a possible cause ¢f !
voluntary unemployment. This cause of involuntary unemploymert &
operate whether we make the classical assumption about price expectares |
P< = P, or the extreme Keynesian one where P* does not adjust flys
changes in the current price P. One can well ask whether the “Keynex
Revolution™ was merely about institutional wage rigidities.

Of course we still have Keynes' concepts of the consumption fuse]
the speculative demand for money and the marginal efficiency of imvestzer,
but the center piece of the analysts, the role of insufficient effective agere
di d, has been rel d to the sideli where it now only sugests o
possible policy resp to observed ployment.

Dissent from thts view of Keynes was scattered and generally unk
for many years. Some questioned whether the synthesis took adequates;
count of “the dark forces of time and ignorance” but did not explan vt
in the model these omissions were critical. Others even attacked the ¢
ciple of constructing macr ics from micr ic relationsip)
without suggesting how else macrofunctions might be derived. Cersy
Keynes did not express a clear and fully consistent account of the mz|
foundations for the General Theory. But since the mid-1960s 2 pror
new approach, beginning with exegesis of Keynes, has lc)d to a fundametd

reappraisal of the foundations of macroeconomics.

THE IMPORTANCE OF MARKETS NOT CLEARING

One element of this reappraisal emerged with Patinkin’s analysis di
demand for labor, though he did not generalize his insight to the i
his model. Paunkin noted that if a positive excess supply of goods developed
so that firms could not sell all they wished, their demand for labet wedl
fall. The genera! point that if one market did not clear there would e %
percussions in other markets was made much more explicit by Goﬂ
took the consumption function as his example: involuntary unemploy

in the labor market is reflected in a lower level of demand in the £
market. This is implicit in Keynes’ analysis of the consumption fer&
and integrating it into the rest of the neoclassical synthesis poses 3
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logical problem. In traditional microeconomic analysis, when markets clear

. quantities demanded and supplied are functions of initial endowments and

prices (and expected future prices, if the analysis is intertemporal). So indeed
were the lal_ao_xj demand and supply curves of Chapter 6, though these func-
tions were 1,nverted to make the wage a function of the guantity of labor,
Yet Keynes _consumption function, to which he himself attached central
importance, is de_ﬁnéd on realized income, not wage rates and time endow-
ments. Butata given wage when a worker becomes unemployed, his or her
time endowment is unaltered while realized income is reduced. In other
words, Keynes’ consumption function takes into account the repercussion
on the fiemand for goods of the labor market not clearing, which really puts
it outside the framework of traditional microeconomic analysis, where

. demand functions take no account of such effects.

If a market does not clear, the amount that individuals are able to trade
may be less than the amount they would like to trade. This constraint on the
quantity traded will then enter the demand or supply functions defincd on
other markets. Therefore, quantity signals as well as prices enter the anal-
ysis, and there can be quantity interactions between markets that are dircct,
not transmitted through price changes. The presence of quantity signals
implies a radically different view of the efficiency of the “invisible hand™—
the information-disseminating and organizing role of decentralized markets.
Clower and Leijonhufvud stress the informational failures that are implicit
in the General Theory. The effective demand for goods of an unemployed
worker is constrained by his or her realized income and not given by the
“notional” demand that corresponds to the prevailing wage rate, prices,
and his or her time endowment. Workers thus do not signal to firms the
demand that they would express if they were employed, which in turn would
support their employment. Thus, excess supply on goods and labor markets
is mutually reinforcing. Keynes diagnosed another important rcason for
such informational failures—the intertemporal nature of many decisions.
The existence of durable goods and assets and of lags in production causes
decision makers to take into account trades in the future. But markets do
not exist where such trades can be agreed now. For example, excess demand
for future consumption-cannot be adequately signaled to producers. All
that can be signaled is an excess supply for current consumption, which is
unlikely to make producers invest more in order to be able to produce more
goods for future consumption.

CONNECTIONS WITH EARLIER CHAPTERS

In earlier chapters, we have already had several foretastes gf these ti_n:m_cs
of the reappraisal of macroeconomics, and much gf our earlier analysis will
be illuminated by their development. One very important example is the
expenditure multiplier analysis of Chapter 3, for which we shall now be able
to provide a systematic microeconomic story that connects what happens
in product and labor markets. This will be related to the microcconomic
foundation of the consumption function as discussed in Chapter 10, which,
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for example, 1n Ando and Modigliani’s empitical formulation exrlee.
includes employment as a variable. In Chapter 10, the anafysis o{';
temporal choice, illustrated by the two-period case on p. 159, st
expected labor mcomes were taken as exogenous; together with (e N
of the intertemporal budget line, they determine current consumptn &.
mand. This use of indifference cunves defined on this and the next oy
real consumption contrasts with that of Chapter 6, where indifference oy
defined on real consumption and leisure are used 10 analyze cumrent by,
supply decisions. We will see that both kinds of behavioral relationsbo o
be obtained from the same houschold objectives but invohe differser »
sumptions about the state of the labor market. We will also be ablat; ¢
hize the notion of excess capacity discussed in Chapter 7 in a wider cor
with excess capaaty in product markets playing the role of invol=y
unemployment 1 labor markets. And connecting with the discussions %
demand for money in Chapter 12 and investment demand in Chapzt
our discussion of money balances and inventories will reveal how de;
assets or goods permit intertemporal shifting of purchasing power asif:
consequences for production, employment, and consumption decisioens &
the case of investment di d, our di ton of the accel wasandy
example of the relevance of current and expected Quantity constraizxs
demand functions.

Some Analytic Preliminaries for the “Reappraisal” Model

Before we proceed to the exposition of the underlying macroeconomisi
demand and supply in markets for fabor and goods, and the rosultcth
havior of the “reappraisai™ mode! of market interaction with nonclery
markets, we must define a few basic concepts and refate the varisey
the model 1o the national income These preliminaries ar: &
with in this section.  ~ .

THE CONCEPT OF EQUILIBRIUM AND QUANTITY RATIONING

We must contrast the concept of equiibrium in macroeconomic modd
where markets always clear, as assumed (with some exceptions) in Pl’:ﬁ
with equilibrium 10 models where markets do not clear. In order for pr!
always 10 adjust to clear markets, there would have to be 2 highly
tralized, costless system of processing information and organizing (=%
tions. In models of pure theory, this system is run by an auctionett ¥
receives information on aggr pplies and d ds at cach set ol it
He raises the prices of goods for which there is positive aggregats 0%
demand and lowers prices for goods in excess supply. He then g2
wnformation on d ds and supplies and i this iterative {2
until 1t converges to an equilibrium where in each market, £x055S M_
is zet0.
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Ip this story, tr_ading does not take place until the equilibrium is reached.
But in a decent;ahzed economy, this is obviously unrealistic, and even with
an auctioneer, it might take a long time to reach a market-clearing set of
prices. And if transactions take place at prices that do not clear the market,
then either some buyers or some sellers would not be able to trade what
they wish at these prices. There would be some more or less systematic
way of allocating among buyers a good in excess demand {or allocating
among sellers the purchases of a good in excess supply). Individuals would
thus be rationed, and it is unlikely that they would continue to assume that
they can tranmsact whatever their initial endowments permit at parameiri-
cally given prices. Hence the rationing they encounter on one market would
affect their behavior in another.

This is the crucial difference between models of general market clearing
equilibrium and general equilibrium where markets may not clear. In our
version of the latter, we shall assume that individuals view quantity “rations™
as well as prices as exogenous parameters, though over time their vicws of
these parameters can change. This exogeneity assumption is the simplest
way of modeling responses to nonclearing markets: we will bricfly discuss

- alternatives at the end of the chapter. The concept of equilibrium here is one

that involves quantity signals as well as price signals. _ o
Models in which markets do not clear are often called “dxscth@num *
models, but we agree with Malinvaud and Hahn that this usage is mis-

. leading. The analysis is concerned with a sequence of short periods. Within

each period, although markets do not clear, we assume agents have adjusted
their behavior in the light of perceived price and quantity signals so that
their actions are mutually consistent. It makes perfectly good sense to
call the resulting state of rest a short period equilibrium. as argued in
Chapter 8. This does not, of course, imply that each short pgnod equilib-
rium will be the same as the preceding one. Note that in this concept of
équilibrium, individuals may well be off the supply gnd demand curves
which, as in Chapter 8, do not take quantity signals into account {being
defined only on prices and initial endowments). )

In our analysis, the quantity signals and quantity interactions between
markets will be the focus of attention. This does not mean that we assume
wages and prices to be institutionally rigid. We define, as a §1mphfy1;g
analytical device, a notion of the short-run period in x}’!nch individuals t.a ¢
wages and prices to be exogenous and only quantities change. Bc%}\l\?e:n
periods, wages and prices can change too..We shall suggest reasons why 1n

- the absence of an auctioneer, market forces and not just institutional imper-

fections might make wages and prices adjust more slowly.

THE NATIONAL ACCOUNTS

Since market interactions are made more complicated by the opcrat.;)c;n 9nf
quantity signals, we want to keep the analysis as sxm'ple as pgssx i clt‘
other dimensions. Therefore, we shall assume that there is no bonk xmarn be;
though as Barro and Grossman show in their book, a bond market ca
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function from Chapter 6 to link output y and employment N, there is here an
implicitstory about the labor market. This is easy enough to picture if we
-translate the output axis into units of N using the production function. To
get just consumption on the vertical axis we subtract g from ¢ + g in Figure
16-2. Remember, the government is never rationed, so we can safely elimi-
nate g in this way. Making both changes transforms Figure 16-2 into Figure
16-3, and in the future the diagrams in which we shall investigate the inter-
actions of goods and labor markets will be in the same ¢, N space.

;‘E‘Y
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’ c=¢c(N)
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gure 16-2 Figure 16-3
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dance. balance in consumption-

employment space.
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RATIONING AND THE MINIMUM CONDITIONS

Now we must distinguish the different pts of supply and demap by
each market. Notional 6r unrationed demand and supply depend only pyw
snitial current (and expected) endowments and current (and expected)
they are independent of any quantity rations experienced on other makey
In contrast, rationed ot quantity-constrained demand or supply also et
on quantity rations experienced on other markets. These ration levels rdy
to other markets, not to the market for which demand or supply haveten
defined. Ths is because we want a concept of demand and supply iy eas
market that is separate from the quantities traded on that market. Whete
the notional or the rationed demand will be effective depends upon whepr
or not quantity constraints are actually encountered in other markets Ifsy,
effective d d will be the notional d 1. If there are quantity ¢x
straints in other markets, effective demand will be the rationed dema!
conditional upon the rations from other markets. This switch in the efech
demand function 1s the essential point of what Clower calls “the dual decis
hypothesis ” To illustrate, the demand for goods by a worker whe cn chac
his or her hours of employment depends on the wage rate, prices, and theti:
endowment, while if the worker is rationed in employment, this ration s}
enter the demand function for goods.

To recapitulate, the concepts of supply and demand we have defins
can be outlined as follows: !

Ifnot rationed
Notional demand kb
on other markets
Ifrationed
on other markets

Notional suppl 9 In not rationed
i on othermarkets
o . Jrationed
b on other markets

An equiltbrium with rationing must satisfy some basic properties. Fis
the total quantity sold must equal the total quantity purchased. This dx
not, of course, mean that notional demand equals notional supply. Secend
exchange must be voluntary, so no individual can be forced to sell morelhﬂ‘
his or her effective supply or less than his or her effective demand. Tis!
ensures that the “minimum-condition” holds: the quantity traded is d!ci

of the effective d d and the effective supply.

This is illustrated for a single market by Figure 16.4. To be conerett, ¥
us take this to be the labor market as in Figure 8.5(a). Clearly, at the #3¥

Effective
demand

Rationed demand

Effective
supply




K2 e
“

MACROECONOMICS WHEN MARKETS DO wOT PLEAR 345

Figure 164
The min condition in a
single market. -
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W, N? is less than N§ so that it is the demand by firms that is traded.
leaving some workers unemployed. At the wage W, there is positive cacess
demand, and the supply by households is the quantity traded. It should be
noted that this diagram ignores any feedbacks through goods markets,
which we will deal with shortly.

The third basic property of an equilibrium with rationing is that therc
cannot be both rationed buyers and rationed scllers on the same market.
Conditions two and three are quite strong. We will return below to the
question of whether condition two is consistent with the presence of inven-
torigs. Condition three is seemingly contradicted by the simultancous ob-
servation of unfilled vacancies and unemployment. The way out, which is
to say that there are many local labor markets between which conditions
vary, would change the subsequent analysis, so we shall assume that there
is only a single labor market and return to this point at the cnd of the chapter.

RATIONING IN A TWO MARKET MODEL

With just two markets, the min. conditions are:

in the consumer goods market ¢ = m'in(c"’,c")v
in the labor market N = min(N?.N°)

We shall distinguish rationed and unrationed (notional) functions by putting
a bar over the former and including as an explicit argument the muon_levcl
on which they are conditional. For example, ¢ _=.?”(N;~) is the rationed
consumer goods demand function, which is conditional upon the rationed
level of employment N, while ¢ = ¢} is the unrationed demand function.
With two markets there are four possible constraint regimes, which we will

discuss in greater detail later.
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Sellers rationed in both markets (Keypesian unemployment)

L<,  sothat  c=TN;)
NP < NS, sothat N=KN%c) [t}
Here there is excess supply on both the labor market—involung

unemployment—and the goods market. Therefore the quantities traded are '

the effective demands on each market, where these are given by the rationeg
demand functions, reflecting the fact that waorkers are rationed in employ.
ment and firms in sales of goods. -

Buyers rationed in both markets {Repressed inflaton)

AE>c5, so that c=TN;)
N°>NS, sothat N =R%;) @
Here there is excess demand on both markets; so the quantities traded
are effective supplies. Households are rationed in the goods market, and
firms are rationed in the labor market. The term repressed inflation makes

sense because an increase in the wage rate and price level would reduce ér
eliminate the excess demands.

Buyers rattaned in goods market, sellers rationed in labor market
{classical unempioyment}
P>, so that c=c%) o
NP < NS, so that N =NP) )
Firms are willing to trade less than households in each market, so their
notional supply and demand prevail. Here the wage is so high that firms

do not find it profitable to employ more workers or sell more goods—hence
classical unemployment.

Selters rationed in goods market, buyers rationed in labor markst
(underconsumption) -
P< 50 that e=c()
N®>NS, sothat N=N%)

Here the wage is so low that there is excess supply in the goods market
and excess demand in the labor market.

o

Microeconomic Foundations for the Reappraisal Model

e

Before we discuss in detail what is going on at a macroeconomic level it
each of the four cases, we must investigate the microeconomic origins of
the varfous functions. Even with only two markets, the interactions between
markets look alittle complicated. However, we will introduce some diagrams
similar to Figure 16-4 that should make things clear. We will derive themin

f.!c
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some detail from the intertem i i )
: Intertemporal microeconomic theory of housshold
and firm behavior, which itself has many insights to oﬁ"cr.r} )

AN INTERTEMPORAL MODEL OF HOUSEHOLD BEHAVIOR

We shall generalize the analysis of labor supply in Chapter 6 and the iwo-
period model of the consumption function discussed in Chapter 10 by
mtrodpcmg current and future leisure as well as current and future con-
sumption into the model and by explicitly considering the form of the
constraints when there is rationing. Money balances have the role of a store
of \falue by permitting purchasing power to be shifted between the current
period and the future, and we derive this role from the future part of the
objec_:tlve function. To introduce this very fundamental notion in the simplest
possible way, let’s briefly return to the two-period problem considered in
Chapter 10.

The problem there was to maximize Ulc,.¢,) subject to the intertem-
poral constraint. Assuming that the price level is the same in both periods
but an interest rate r can be earned on lending {or paid on borrowing), the
constraint implies that saving in period 0, s, = ¥ — ¢o. becomes (1 + 7)s,
at the beginning of period 1; so that (1 + r)s, + ¥, = ¢, is the amount that
can be spent next period. By substituting for ¢, in the utility function the
problem becomes

max Ulcy, (1 + sy + y,) subject to So + Co = V.

We have derived a role for saving s, in the utility function that clearly comes
from the utility of future consumption.

In what follows, there is no interest rate, and saving is an increase in
money balances so that our derived utility of money balances comes from
the utility of future activities, where we explicitly analyze both consumption
and labor supply and the constraints that may be ruling in each market.
As we shall see, the constraints that are expected to prevail make a critical
difference to the derived utility of money balances. For example, a house-
hold that expects that it cannot sell labor next period clearly has a quite
different need for money balances than one which expects to be rationed in
the goods market.

Suppose the utility function is

U=U(Co,To—N0,C’.T| —N;) (5)

which is increasing in all four arguments and where, as in Chapter 10, ¢o
and ¢, are consumption in periods 0 and 1. T — No and T, - N, arc
leisure hours in periods 0 and 1. Notice that this also generalizes the static
leisure versus income -choice considered in Chapter 6. If we hold ¢; and
T, — N, constant, (5) implies indifference curves in ¢, T‘—_N space (gf.
Figure 6-11); if we hold Ty — No and T, — NV, constant. it implies indil-
ference curves in ¢g.c, space (cf. Figurc 10-4). . .
Consider a household planning for the second period given its decisions
for period 0, which entail some levels of g 20, To2Ne=0 an(} M2 0.
If no money balances are planned to be held at the end of period |, the
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period 1 budget constraint is
My + D,y + W;N, =Pyc, ©

(unless, exceptionally, the ration level on ¢, is so low that even by working
zero hours exogenous spending power exceeds spending: My + D, > Py}
W, and P, are the expected money wage and price level in period 1, and
D, is exogenous nonlabor income (dividends and/or a government transfer)
Equation (6) needs to be supplemented by the respective ration levels of the
four alternative constramt regimes which in principle the household could
expect for period 1 1t could be unrationed in both markets; rationed only
In the labor market, which we denote by Ny = N; rationed only in the
goods market, ¢, =Ty; or rationed in both (which, however, could only
arise if there were a further period or an inheritance motive for wanting
money balances at the end of period 1). For each case we could write down
the optimal levels of ¢, and T, — N, For example, with no rationing, ¢,
and N, would depend upon exogenous purchasing power My + Dy, the
wage W), the price level Py, the time endowment T, and the levels of cpand
Ty — Ny, which have been taken as given. In contrast, with rationing in the
labor market, N, = N, and by (6) we have ¢, = (Mo + D, + W,N,)}/P,.
For each of the possible cases we can write down the utility function with
the future part substituted out. For example, with rationing in the labor
market,

Mo+ D, + WN
U= U(co,To - N,,,—"a%. T, - N.)- U]

Notice that here it is quite explicit that the marginal utility of money
balances M, is conditional upon the expected price level, wage level, and
employment ration. The form of the function will be different for different
constraint regimes. In practice, households are unlikely to know for sure
in which constraint regime they will be next period and what Py, W, and
the ration levels will be. However, given their recent experience which, as
in the Chapter 6 discussion of the expected price level, influences these
expectations, they can attach weights to the probability of each of the
possible outcomes. S0 we can imagine households taking some kind of
weighted average of the different utility functions corresponding to different
outcomes in period 1. (Formally, this can be done through a modet of
“expected utility” in which the diminishing marginal utility of ¢, and Ty = Ny
determines the attitude to risk, which will sigmficantly influence the desired
level of money balances) Having done this, we can write the resulting
objective function as

Ve = Vlco, To — No, M, 6) ®

Here 6 is a catch-all hist of variables which includes future endowments of
time and {because of their effect in forming expectations) recent experience
of the price and wage levels and recent ration levels, to the extent that
these are not already represented by the arguments co and T, — No. Thus,
we have derived a current period utility function that represents the indirect
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utn(lixty ofdmoney’ balances, taking into account the future states of labor
an l.g‘oo’ s markets as these affect the houschold: in doing so. we have
E:f);)pg rsctlgfcfaced }th)hto the fact that the future cannot be perfectly forecasted

_ ure of the argument that led to (8) is easily extended to & model
with many periods. (8) ily extended to a model

Now we can turn to the choi i 1
; oices that have to be made in peri
budget constraint is period 0. The

M_y+Dy+ WoNg — Poco = Mgi 2 0. To = Ng 2 0 9

where M_, is_ the inhe{itec_i level of money balances. Substituting (9) into
~ (8), we can write the objective function as a function of ¢ and Ny, the itwo
endogenous variables.

Va=Vl{co,To — No,M_, + Do + WoNg — Pyco.0) (10)

We can sketch in ¢, N space (dropping period 0 subscripts) the resulting
constant Vy contours. Unless preferences and the expectations generating
mechanism are a bit peculiar, one would expect this to result in contours
similar to those in Figure 16-5. At the point H, there is no rationing. The
tangency of the iso-V}; curves with various vertical lines such as N = K, repre-
senting employment ration levels, traces out the employment-constrained
consumption demand function CP(N:-). the curve AH. This will be a
function of N through purchasing power M_, + Dy + W,N, and. in
general, a function of N separately because the employment constraint can
affect the intertemporal consumption trade-off and expectations. This con-
sumption demand function should by now be a familiar concept. It is the
rigorous form at a microlevel of the familiar Keynesian consumption func-
tion. Analogously, the effect of goods rationing can be seen from the
tangency of the iso-Vy curves with various horizontal lines, such as ¢ =7,
that represent goods ration levels. These tangencies trace out the goods-
rationed labor supply function N*(c:*). the curve HB. As onc would expect.
the fewer goods the consumer is allowed to purchase, the less is the incen-
tive to supply labor.

Thus, in terms of the notation used above to distinguish rationed and
unrationed (notional) functions, H represents the consumption and em-
ployment levels given by the notional demand function ¢ = 7 an_d the
notional supply function N = N%(-): points on AH represent the ranogcd
consumption demand function ¢ = €%(N;"), where N = N < N°(); points
on BH represent the rationed labor supply function N = Nc:+) wh'crc
¢ =7¢ < ¢P(-); and finally, at a point such as C where the two constraints
c=7 and N =N meet, the houschold is rationed on both sides, so
c=T7<cN:) and N =K < N%z;-). In this last case, the houschold is
accumulating money balances Mo=M_, + D + WA — P¢. However,
these money balances are not without utility: if they were, labor supply
would be cut so that the labor ration § would no longer be effective.

The reason why the AH,BH wedge represents demand apd supply
functions on axes that both represent quantitics, rather than with a pricc
along one axis, should be clear by now. It pictures the guantity signals that
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are the distinguishing feature of models with nonclearing markets. Ang th
the quantities that are being emphasized in our analysis; we do not discyg
an explicit theory of price setting. .

We conclude our discussion of the household with some general remarks
about saving and money balances. Treating the change in money balanes
as synonymous with saving, and hence representative of the change in agssts
n general, reminds us at least that it is an important element in savg
But this means that the variables in the consumption function which incuds
proxies o1 price, wage, and unemployment expeciations oueht tobe rekevant
for the demand for money too, and this complements the discussion iz
Chapter 12 of money as a consumer’s and producer’s good. Secondly, it
must be pointed out that saving (and particularly the money component in
saving) acts as a buffer stock, absorbing unanticipated shocks. This rols is
in part already implicit in the theory: each period the household replansin
the light of new information and can sequentially take correcting action for
past mustakes. The question 1s: can the concept of equilibrium whick &
bemg used accommodate such buffer stock behavior within the period?
Superficially it seems not, since the concept of equilibrium requires that the
percened ration coincides with the actual ration; so that neither buyers nor
sellers have any incentive to change. However, we can think of a sequence
of very short periods in which the current ration levels are interpreted as
percerved levels that may start differently from the actual ration levels but
comverge 10 them by the end of the sequence. The process that is working
1tself out here 15 part of the familiar multiplier process.

AN INTERTEMPORAL MODEL OF THE FIRM

Formally, this will be very similar to that of the household, with inventones
playmng a role analogous to that of money balances for households. Con-
sider a firm that, having made decisions for period 0, inhenits a stock of
mventortes g at the begmning of penod 1. If it wishes to have no inven-
tones at the end of period 1 and if there are no inventory holding costs, the
penod 1 budget constramt 15

inte + ¥(Np) = xg )]

(unless, exceptionally, the rauion level on sales x, is so low that even with
zero production, inrg > x,) The period 1 profit level is

R, = Pyx, — W\N, 1)
This 1s to be maximized subject to (11}, supplemented by the various ration
tevels which can arise in the different constraint regimes. For example. ke
firm 15 unrationed on both sides, maximizing {12) subject to (11) gives the
optimal level of employment as a function of W,;/P, and inr,, while if the
firm 1s sales rationed to the level Xy, MN,) = ¥, — inry, which can be solved
for employment N,. Depending upon which constraint regime applies, tb¢
optimal period 1 profit level can be calculated. Given that the firm bas
some views on the likelihood of different values of P, IV}, ration levels and
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constraint regimes, one can imagine it constructing some weighted average

- of the different levels of R, that are possible. Risk aversien can be built in

by taking a weighted average of f(R,). where f(R,) is a concave function

‘so that f* > 0, f” < 0: this makes low or negative profit levels count more

heavily relatively to high levels and hence puts a premium on strategies
that avoid them. Let this weighted average of the different R,'s or f(R,)s
that can arise be represented by f*(inve, ¥). where ¥ is a list of variables
including N, xo; Po, and W, (because they condition expectations of P, 1¥}),
ration levels ard constraint regimes, and sources of such expectations. As
one would expect, the usefulness of inventories depends very much on
whether the firm thinks it is more likely to be sales or labor constrained.
If it expects to have difficulty in selling next period, there is little point in
accumulating inventories now. It is the possibility of holding inventories
which; of course, makes the model intertemporal and makes expectations
S0 important.
The period 0 maximization problem then is to maximize

Vi = Poxo — WoNg + f*(inve, ¥) (13)
subject to
invg = inv_ + ¥(No) — Xq, intg = 0,y = 0,x, 2 0 (14)

and the various ration levels that arise in the different regimes. In carrying
out this maximization, it should be remembered that ¥ includes Ng and
x,o. By substituting for the level of inventories from (14) in (13), ¥y can be
expressed in terms of the two endogenous variables, sales Xo and employ-
ment N,. In Figure 16-6, which is analogous to the household's Figure 16-5,
we plot the iso-¥; contours in sales-employment space. Analogously to

O

L R
=<}

N

Z

Figure 16-5

The household's rationed
demand and supply
function derived from
iso-V, contours.

Figure 16-6

The firm's rationed
demand and supply
functions derived from
iso-V, contours.
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Figure 16-5, the point F represents the unrationed (notional} goods Supely
ana labor demand. The line FA tepresents the labor-rationed supply [:1“
tion of goods X*(N;-), FB the goods-rationed demand function for ik
R?(x;-), and a point such as C the casc where both sales and labor an
rationed. Note that with x = ¢ + g, we can go from x,N space o A
space and write T(N;-) and N%c; ).

Given sales xo and employment Ny, which determines output 3,, ts
inventory level mr, is determined as well. Like planned sales and emplay
ment, planned mventory holdings depend on the exogenous variablesinthe
objective function ¥ and the constraints: inv.,, Pg, Wy, ration fevels, 22
expectational proxies. It is such variables that one would expect ia the
mvestment demand function if the model were extended to investment. Nete
that the accelerator model of investment can be interpreted as being based
on expected levels of sales rations, though it would be relevant only whez
firms expected to be sales rationed.

Now we can discuss the buffer stock role of inventories which sas
emphasized in Chapter 3. As was pointed out there {sec p. 35). if house-
holds suddenly decide to increase their expenditure, the increase causes 2
unexpected drop m inventortes as sellers meet the unexpected demand
increase by selling from inventories. This parallels our discussion of the
buffer stock role of money balances for households. If we interpret %y, for
example, as the perceited sales ration in the current period, the theory of
the firm as formulated can accommodate an error in this perception; the
firm will then have made an error in its employment and inventory plars.
Information on this error materializes from the inventory levels which, if %y

d d d d, will be unexp dly low. In the next short period
plans will be made in the light of actual inventory holdings and of revised
views on the sales ration. Such a process is likely to converge quickly fo
an equilibrium m which the perceived sales ration is the true one The
Keynesian multiplier process involves both such unplanned inventon
changes and unplanned changes in money batances. Thus, we can sec how
the buffer stock role of both money balances (saving) and imventorics i
mportant for analysis of the very short run. While such a process is working
itself out 1n the very short run, we can say that the economy is “in disequ-
Wbriam,” and this 15 really the only sense 3n which this class of models e
be said to be about disequilibrium.

The Complete Model

Wq must now aggregate the behavioral functions of households and of
firms in order to analyze marhet interaction in the reappraisal modet
Aggregation from the myicro 1o the macro level is always a bit tricky: so 1
wortha few paragraphs before we move on to the macro analysis.
. The simplest way to aggregate is to assume that all houscholds are it~
LT tical and when rationed, identically so. and the same for firms. But the
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fﬁ?:]:a:lsc cslfxz:%ra;ns w.xll work if we z{llow other rationir_lg schemes. though
€ siop: ¢ lunctions may be different and the microeconomic storv
will differ between households and firms. i
sidef?foa\i?el)f\’z;?llasl) i;x;zgose there is involuntary unemployment and con-
e work might be rationed to households. We might
- lt;alve an eqlllal labor ration N for each household. In this case. if initial money
laab?;cseus plus exogenous mcome M _, + D, differ across houscholds and
supply falls w;t_h M _; + Dy, some affluent households will offer less
than N and not be rationed. Then the aggregate labor-rationed consumption
function will be a Wexghte_d average of the rationed microfunctions of the
1e§s aﬂ’luept and the unrationed microfunctions of the more affiuent. Even
wﬁh the smplqst ]ipear functions and all households having the same tastes,
diffc.ent distributions of exogenous purchasing power give different
aggregate behavior.

A similar result follows if unemployment always takes on an all-or-
nothing form—zero hours or no constraint on hours at all. This might occur

. under “efficient” rationing of labor, where less efficient plants are the first
to be closed as effective demand drops and production and employment

~are cut back. Another all-or-nothing rationing rule is “last hired, first fired.”
Here the less well paid would probably bear the brunt of a rise in unemploy-
~ment, so the consumption reduction per worker would be smaller than if
~ the incidence of unemployment were random. Clearly the precise shape of
the labor-rationed consumption function depends on the particular way
in which the demand for labor is rationed among households. Quantity
rationing in either the labor or the product market makes it even more
important to look at how our macrorelations are derived by aggregating
microbehavior.

“Efficient” rationing has the advantage of giving a unigue association
between aggregate sales, aggregate labor demand, and implied aggregate
inventory demand. But although rational behavior of this kind might be
plausible within a multi-plant firm, for the economy as a whole it assumes
a lot of coordination between firms. This doesn't fit very well with our
emphasis on the informational problems responsible for the failure of mar-
kets to clear. There are however other more realistic rationing schemes
which might justify our assumption of a unique relation between aggregate
sales and aggregate labor demand.

THE FOUR.REGIMES IN THE “DOUBLE WEDGE" DIAGRAM

We can now set out the complete two-market model, whjch Barro and
Grossman first put together, integrating the worl_( of Patinkin and Clower.
For goods and for labor, we have a demand function, a supply function, and
a min condition telling us which is actually realized. But the form lgken 'by
the demand and supply functions in one market depends on what is going
on in the other market—whether buyers or sellers are being rationed tht:reT
that is, which is the minimum of demand and supply there.
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Figare 167
Walrasian equilibrium in
quantity space

Thus, we have s o
{0 if N=NS<N
o= {?"(N;-) it NS>NP=N 3

(N;)—g if N=NS<N°P

x5} — it N2N°=N
‘_;:{ (-9 i (16)?

¢ =min(c®,c) un
NP() if e=cfg®
D =
N {N”(c;-) if &>c?=c a8
NS() if f2Pf=c¢
S =
N —{Nx(c;-) if e=cf<d® 1)
N = min(N®,N°) 20)
Ineach ofcquauons (15),(16), (18), and (19), there is a switching condition:
for example, in (15} we sce that if households are not rationed in the fabor
market (N = NS < N%), Lhcxr cﬂ'ecnve aggregate consumption demand is
given by the notional fi ¢®(), independent of N; but with involuntary
uncmployment (N®> NP = N), we switch to the labcr-muoned consump-
tion function 2%(N; ). The min conditions express the possibility of quantity
rationing, while the switching conditions tell us for each market whether
effective demand and supply are given by the notional or the quantity-

constrained functions. These conditions express the direct mt:raclmn\_g

through quantities of markets that do not clear.

Now we turn to the alternative quantity-constrained regimes. If both
markets clear, we have a familiar general market-clearing equilibrium.
Translating Figure 16-6 into ¢, N space and putting it together with Figure
16-5, we may represent this equilibrium in Figure 16-7. This is the first of

LIS
() N
"B() §s()

The.
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" Figure 16-8
Keynesian unemployment
in quantity space.

the “double wedge” diagrams we will use to portray the various possible
equilibria generated by different constraint regimes.

The equilibrium is where H and F coincide, and neither households nor
firms are rationed in either market. The relative slopes assumed for the
households’ and firms’ constrained demand and supply functions in Figure
16-7 and the other diagrams to follow will be discussed later.

General market-clearing equilibrium is clearly a very special case.
because any change in any of the arguments of any of the notional demand
or supply functions—P, W, M _, . inc_,. g.expectations—would shift H or F
or both. Disregarding for the moment other borderline cases in which one
market clears but the other doesn’t, we have the four possible constraint
regimes (types of equilibria) set out in equations (1)-(4). We'll start with
Keynesian Unemployment (K), which we see in Figure 16-8. The equilibrium
is at K, where the labor-constrained demand function for consumption
goods intersects with the consumption sales-constrained demand function
for labor. Households can't sell as much labor as they would like, and firms
can’t sell as much goods as they would like, and the two constraints interact
and reinforce each other. There is excess effective supply in both markets,
which we have indicated on the axes.

What might cause Keynesian Unemployment? Any of the forces that
might result in F being to the northwest of H in the diagram. We will dis-
cuss comparative statics more fully later, but it's easy to see, for example,
that starting from the position of Figure 16-7, a fall in g shifts F upward
and gives an outcome like Figure 16-8. Remembering that investment can
be regarded as part of g, this fall in g can be interpreted as a fall in invest-
ment. This can occur because the rate of growth of demand for consumption
goods has fallen off. which through the accelerator reduces investment, or
because of the petering out of a wave of innovation as increased competition

oS F

cD ——————————

eb(-)

N°()

e e e e
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Figure 169
Repressed infiation in
quantily Space

drives down rates of profit, Alternatively, lower AM_; will mean lower c(-
and higher N%(-), thus shifting H dovn and to the right. In either tase, the
demand multiplier operates: as the demand for goods falls, the demand fo;
Tabor falls, which further reduces the demand for goods.
Repressed Inflation (R) is the equilibrium in Figure 16-9, where the
ion good ined Jabor supply function intersects the labor
constrained supply function for consumption goods. The diagram shows the
excess effective demands in both markets. Households can’t get all the
goods they would like to buy (so there must be some formal or informa
rationing scheme) and therefore reduce their labor supply below the notiona
level, an effect that very much concerned wartime managers of the domesti
economy. Firms can’t get all the labor they'd Jike and so can't produce
their notional supply. And again, the quantity constraints interact. Foi
example, if some exogenous change shifts F southeast in the diagram, the
fall in consumption goods supply reduces labor supply, which further cut:
the supply of goods. Barro and Grossman call this the “supply multiplier,
and it is indeed entirely symmetrical to the demand multiplier.
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In Classical Unemployment (C), as Figure 16-10 shows, houschold:
would like to trade more than firms on both markets. Thus, the equilib
tium is at F, where firms’ notional demands are realized. There is exoes
effective demand for goods, but firms won't hire more labor to satisly ¥
because this wouldn't be profitable—the real wage is too high, Consequent{?
raising government expenditure (shilting F down) would merely increast
the imbalance in the product market without raising the demand for labor.
although unemployment might fall somewhat if households reduced theit
labor supply in response to more severe goods rationing.
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Figure 16-10

Classical unemployment .
in quantity space. NGRS N
The converse case, Underconsumption (U), is seen in Figure 16-11, where
firms would like to trade more than households on both markets, and the
equilibrium is at H. Here the real wage is too low, so excess supply of goods
i coexists with excess demand for labor; firms believe it would be worth-
while to produce more for inventory, but they can’t get the extra labor.
Later we will discuss the likelihood of these cases appearing in reality.
To do that seriously, we need to bring in foreign trade. Meanwhile, note
that we could gever observe intersections of N%(c) and N%(c), or of T%(N)
and ¢5(NV), with both sides rationed on the same market.
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Figure 16-11 ! |
Underconsumption in L1 N
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quantity space.
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DESIRED AND UNDESIRED SAVINGS AND i
INVENTORY AGCUMULATION 1

Voluntary exchange requires that houscholds be on or within the wedps
formed by €°(-) and 83() and that firms be on or within the wedge fgm;dk
by @} and N°(). As noted earlier, to be within the wedge means parthy™
undesired savings or inventory accumulation (in C and U, qucﬁ\t}yi
This is an important difference between R and C for houscholds, and be.
tween K and U for firms.

In R, households facing goods rationing adjust their labor supply and
saving behavior. They move along A%(-), substituting leisure and future
consumption for the present consumption they can’t get. The supply multi
plier process is assumed o work itselfl out within the unit period; so in
equilibrium they are supplymng the amount of labor and accumulating the
amount of assets they desire, given the constraint facing them. Although
there 1s “forced saving”™ in the sense that they are saving more than they
would without the constraint, this saving is desired to finance future edg-
sumption, given their expectations about future constraints in the goods
market. H it weren't, they would reduce labor supply still further. In C,
however, this option s not open: they are already constrained to sefl fess
1abor services than they would like, even taking into account the rationing
m the goods market. Given the level of employment, they can’t consume as
much as they would like and are accumulating some undesired money bal-
ances {which they would rather spend this period than next, though they.
would rather have them for next period than work even less).

For firms, we have a similar contrast between K and U. In K, thcyc;‘..
adjust employment downwards to reach their desired level of inventory
accumulation, given the sales constraint facing them (the demand multiplier
process is assumed to work itself out). In U they cannot, but given the
labor supply available, they are selling less this period than they would
Tike (though 1t is nevertheless profitable to produce for sale next period).

UNEMPLOYMENT

The excess supply of labor in C and K is involuntary unemployment. In
both cases, houscholds are off their Iabor supply curves. But the overall
positions are quite different between the two cases. In C, a money wage
cut, by shufting F northeast and H (normally) southwest, will reducs both
the unemployment and the excess demand for goods. In K, however, 2
money wage cut, with the same effects on F and H, will increase the excess
supply of goods and may have little or no effect on unemployment (while
N°() is falling, K is also moving back down KP(¢), as the money wage cut
reduces effective aggregate demand). This of course ignores effects on u;j
pectations, to which well return. - v
Even if the real wage is “correct,” we might stil! have involuntary un-
employment. Suppose we start from the general market-clearing equilibrivm
of Figure 16-7 and raise I¥" and P by the same percentage. The real wage
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. Figure 16-12

Curves of notional” |

equilibrium,

’

stays at the level that previously cleared the market, but the real. balance
effect takes the economy into a Keynesian Unemployment equilibrium, as
H moves down. Symmetrically, equiproportionate reduction in W and P
would shift H up and result in Repressed Inflation. Here too, employment
woul‘d fall, as households move back along N5(c). Clearly there is no unique
_relatlon b.etween the real wage and the level of employment, because what
is happening in the product market direétly affects the labor market.

_ The reduction of employment in Repressed Inflation below N(-) is a
kind of voluntary unemployment different.from that discussed in Chapter 8.
There, voluntary unemployment was labor voluntarily withheld from the
market because the expected real wage wasn’t high enough. Thus households
could be at H, where there is no involuntary unemployment, but if an
increase in the expected real wage would shift H to the right, increasing the
notional supply of labor, then not all the total labor force is being used.
In Repressed Inflation, however, the voluntary reduction of labor supply is
a response to current and expected shortages of consumption goods rather
than the expected real wage. To say it is “voluntary” simply means that
households are on their supply curve.

THE MODEL iN W, P SPACE

The double wedge diagrams in ¢, N space neatly represent the various con-
figurations of the two-market system and how these endogenous quantity
variables interact. Another aspect of what is going on can be seén in W, P
space. Consider Figure 16-12. Here each of the curves traces out W, P pairs
that maintain equilibrium between notional supply and demand in each
market. They are in this sense quite similar to IS and LM curves. Both
curves must slope upwards. For example, if W rises, then cP(-) rises and 5(*)
falls; so to maintain notional equilibrium, P would have to rise, reducing
cP(-) and increasing ¢5(); thus, W and P must increase together as we move

eP(+) = ¢S(*)
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Figure 16-13
Regions of quantity-

along 2} = ¢5(*). We could also totally differentiate the equilibnum con-
dition: from NP(-} = N(-), we get

aN® aN® aNS aNs
oy Doap = g
aw W = W g AP
50 -
aw ONS/P — INPJ2P

TP |yooys  ONPJGW — aNS/GW "

1f 2NS/6P < 0 and ON5/8W = 0, this expression will be positive. The signs
on either side of each curve indicate regions of excess demand (+) and
supply {—). We take the product market equilibrium curve to be steeper for
two reasons. First, this makes region I have general excess supply and
region 11 have general excess demand, so that low W and P have a positive
real balance effect on demand. Second, if we assume that the money wage
rate would rise (fall) with excess demand (supply) in the labor market, and
that the price level would respond similarly to conditions in the goods
market, we can draw the arrows for a dynamic process as shown (compare
Figure 4-11), and we find that the system would converge on the intersec-
tion of the two curves, If the labor market equilibrium curve were steeper,
this point would not be stable.

Now consider the effectite demands and supplies. Excess supply in the
labor market will reduce effective demand in the goods market relative to
the notional demand there, and excgss supply in the goods market reduces
effective demand in the labor market relative to the notional demand there-
Thus, the region of general excess effective supply (which we denote by K)
must contamn that of general excess notional supply. A similar argument
applies for general excess demand. Hence when we go from notional to
effective demands, regions 1 and J1 expand, so regions 111 and IV must
contract, and we get Figure 16-13. The curves are now those along which
effective demand equals effective supply, and they divide wage-price space

A\
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Into regions corresponding to those defined by (1) to (4). For example, the
equilibrium denoted by K in Figure 16-8 would correspond to a particular
point in region K in Figure 16-13. '

This type of diagram has some advantages in comparative statics, since.
one can see immediately towards which constraint regime (region in Fig.
16-1}) a given change in W and/or P will move the system. For example,
starting in C at a sufficiently high W and increasing P will eventually take
the system to the boundary between C and K, on which the goods market
clears but there is excess effective supply of labor, then into K itself, where
there is excess effective supply in both markets. A fairly complicated com-
parative statics exercise in quantity space is to increase W and P equipro-
portionately, keeping the real wage constant; here this is simply represented
by giving out along a ray from the origin. But Figure 16-13 doesn’t show
the process by which a quantity-constrained equilibrium is actually attained
and the interaction of markets through quantity signals, which is the main
point of this Chapter. So we’ll continue to work directly with the endoge-
nous quantity variables, where the action is.

. The Model in a Small Open Ecoﬁomy

Though the model as developed so far may be applicable at the level of the
world economy or perhaps to the United States, it does not apply to smail
economies open to trade. Following the approach of Dixit, consider a small
open economy, for which labor is immobile but goods are tradeable. Let
the exchange rate be fixed, and suppose for the moment that the economy
faces perfectly elastic world demand and supply schedules for goods (as-
suming there is no quantity rationing at the level of the world economy).
The economy is a price taker on world markets, as described in Chapter 15,
pp. 332-335. The given world price then prevails in the domestic market,
and foreign supply or demand meets any gap between effective domestic
demand and supply for goods, so there can be no repercussions from the
goods market on the labor market. If there is unemployment, the real wage
is too high; if there are unfilled vacancies, it is too low. So the only kind of
unemployment is of the-classical variety. o .

Incorporating net exports b (balance of trade) in our accounting frame-
work, we have x = ¢ + g + b. If NS> NP(-), we have ¢ = ¢P(N) and x =
x5(*); so

b= x5) - g — °(N). (21)

Thus, exogenous demand g affects b but not employment. A change in the
exchange rate, however, is equivalent to changing P, which enters both x(°)
and ¢P(N); it therefore affects both b and N. )

If N° > N5 = N(-), we have x = X*(N) and ¢ = ¢?(-); so

b=%(N) =g — ). (22)

Again, g affects only b. Figures 16-14-16-17 show the possible combination
of unemploymeént or excess demand in the labor market with balance of
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trade deficit or surplus. Clearly, shifting F up or down has no effect on
employment (nor therefore on output).

The Imp'o‘rtatice‘o'f Time and the Future

Figure 16-18

Keynesian unemployment
in quantity space with an
atemporal mode! of the
firm. ‘

It is important to see that time plays an essential role in the macro model
of this chapter. We could have proceeded with an atemporal mode] of the
firm, as does Malinvaud. Here there are no inventories, and the only asset
is household money balances. Then there can be no equilibrium of type U.
For if firms cannot carry inventories forward for sale in the future, and
they face excess supply of goods, they will not seek to hire more labor
than they already employ, just to accumulate more stocks of unsaleable
goods. Instead, they will cut back on labor use until production is no
greater than what they can sell now [in the current (the only) period]. In
this case, the goods-constrained demand for labor function is the inverse
of the labor-constrained supply of goods function, which makes the distinc-
tion between them less obvious; the wedge collapses to a single curve, the
production function shifted downwards by g. Disregarding borderline cases,
we have the remaining three possible equilibria, and Figure 16-18 shows
the Keynesian case.

eb(+)

NS(-)

N

If we now consider a fully atemporal model, however, we ﬁnd thqt the
interaction of markets through quantity constraints generates inconsisten-
cies. Analogously to the argument above, we can rule out the possibility of
regime C. Suppose households hold no money balances at- the end of the
period, because there is no future in which they could be used. If they face
excess demand for goods, they will not seek to sell more labor merely to
accumulate unusable money balances; they will instead withdraw labor until
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Figure 16-19

Quantity space with
atemporal models of firms
and households

they are earning no more than they can sp6n<.i. Their goods-constrained
labor supply function is now the inverse of their :gnp!nymcpt—conslmincd
goods demand function, and in ¢, N space N cqmczdcs with Z°(N). Our
diagram is now Figure 16-19. This looks like lh.e mcome—cxpcnditu.rc dia-
gram, Figure 16-3, but now it seems to rep L 1 d i
of interacting quantity-constrained equilibria in both the goods and labor
markets. The trouble is that it's really saying too much.

RK

Consider Figure 16-19. Here voluntary exchange implies that any realized
position must lie on both curves, that is, at their intersection. Starting from
the notional positions H and F, we see that everywhere to the right of
{above) the intersection, we have the firms on the short side of the labor
market and households on the short side of the goods market. Thus,
N = mm(N® N%) = N® and ¢ = min(c®, ¢5) = &, and at their intersection
the curves are to be interpreted as 2°(N) and N°(c). This of course gives a
Keynesian unemployment equilibrium with excess effective supply in both
markets.

We could however interpret the intersection in Figure 16-19 quite dif-
ferently, Everywhere to the left of (betow) it, households wish to supply less
than firms demand on the labor market, and firms wish to supply less than
households demand on the goods market. Thus, N = min(N®, N%) = N®and
¢ = min(c®,¢®) = ¢*, and at their intersection the curves may be interpreted
as N(c) and T(N). This gives a repressed inflation equilibrium, with excese
effective demands in both markets. .



" MACROECONOMICS WHEN MARKETS DO NOT CLEAR - . 365

Clearly we cannot have both types of equilibria with the same data at
the same (c, N). This is the inconsistency mentioned earlier. It has.arisen
because we have tried to integrate behavior in the goods and labor markets
in a model without time. For if the labor supply function is the inverse of
the demand function for goods, and the labor demand function is the in-
verse of the supply function for goods, the system is underdetermined. We
have two markets and only one independent equilibrium condition. The
system is underdetermined because behavior is overdetermined: neither
households nor firms have the extra degree of freedom offered by the op-
portunity to hold an asset for future use. Our macro model with quantity
rationing cannot be given a consistent micro foundation without an essential
role for assets and the future.

In the atemporal context, we cannot even tell the standard Key,iesian
story of adjustment within the period, because “the” equilibrium is unstable.
Starting from the right in Figure 16-20, the demand multiplier process will
not stop at the intersection. A slight further displacement down and to the
left brings into play the supply multiplier, and output falls to zero.

13

N

Figure 16-20

Unstable equilibrium with
atemporal models of firms
and households.

Comparative Statics, Multipliers, and Dynamics

We have already done some informal comparative statics with our double
. wedge diagram. Since ‘one of the main points of this chapter is to give a
consistent ‘microeconomic basis for a Keynesian theory of effective demapd,
we ought to look at the multiplier in this context. Starting in Keynesian
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unemployment, an increase in government expenditure shifts F upwards,
and the intersection of N®(c) with €°(N) moves up and to the right along
ZP(N). Excess effective supply falls in both markets. To derive the multiplier,
we must recall that although we have been writing simply N°(c) when
holding everything else the sal ined, labor d d func~
tion expressed more fully is N°(x, P, W, int, ¥) = N°(c + g;°). Thus, in
regime K we have ¢ = e[ N%(c + g)] Differentiating, we get

a2 oR®
dec= N (de + dg),
50
D
de= (82°/eN)(0N"fa¢) d @)

= T =@ @N)@Na0) -0

Note that dx = dc + dg, so dx is just the initial expenditure change divided
by (1 — MPC), as we expect. Here the marginal propensity to consume is
represented as the product of the labor demand response to an increase
in sales of goods and the consumption demand response to an increase in
sales of labor. The distinction between these two clements is especially
important when the labor demand function contams lags. Working in ¢, N
space gives a direct view of the interaction between quantity constraints up-
on which multiplier analysis is based. Note also that planned inventories
play a significant role here, absorbing some of the mncrease in demand and
thereby reducing the multipher. The muluplier is an increasing function of
@RP/dc, which for any c is normally less than its analogue without inven-
tories, which would be the slope of the labor requirements function (inverse
of the production function).

A different multiplier, with a different microeconomic basis, comes into
play in Repressed lnflation, Here an increase wn government expenditure
takes output away from consumption (recall that we assume exogenous
expenditure 1s never rationed), and this results in a reduction of labor sup-
ply, so output falls (and consumptton falls further) Diagrammatically, F

shifts d ds, and the ion of T%(N) with N%(c) moves down and *
to the left along N%(c). Algebraically, we have ¢ = X*[N(c)] — g, so
x5 oNS
dc= TS de —dg.

Since 0%°/0N = gz°/0N, we get the supply multiplier
1
I 4
1= (@ /aNYaN7ac)

with corresponding expressions for the changes in sales and employment.
Here we have a “marginal propensity to produce”, composed of a labor
supply response to consumption goods availability and a goods supply
response to a change in the amount of labor available,

Equations (23) and (24) immediately suggest stability conditions. The
denominators must be positive so as to ensure positive but finite multiptiers.

de = (24
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This requires that

0< E'i < *1
~dN " 3NP/ac 25)
e 1
0<? (26)

SoN ~ e

so the goods-constrained demand-for-labor curve must intersect the labor-
constrained demand-for-goods curve from below, and the goods-constrained
supply-of-labor curve must intersect the labor-constrained supply of goods
curve from below. This is of course how we have drawn them in our
diagrams.

STABILITY OF MULTIPLIERS

By shifting the H and F systems appropriately, we can investigate the effects
of changes in any of the exogenous variables P, W,M_,,inv_,, g, and other
determinants of the shapes and positions of the curves (productivity, tastes,
etc.), starting from any one of the four types of equilibrium. But our micro-
economic analysis, with its stress on intertemporal and expectational effects,
suggests some caution. We have here not only price expectations, but also
quantity expectations, and they will often greatly amplify (or sometimes
reverse) the simple contemporaneous effects. In a multiplier expansion pro-
cess, for example, falling excess supply of labor may lead households to
revise optimistically their expectations about future unemployment, reduce
their precautionary need for real balances to carry forward, and hence in-
crease current demand for goods. Meanwhile producers are also revising
optimistically their expectations about future demand for goods, so they
increase their demand for labor. If expectations are fairly sensitive to ob-
served rationing, this may generate a good deal of instability or conversely
insensitivity to policies designed to shift the existing equilibrium, depending
on whether and how these affect expectations.

Indeed, compared with our earlier models with only price expectations,
here the power of quantity expectations and their interactions with each
other and with current variables tends to give the analysis much more of a
“bootstraps” character. This refers to the idea that one might pull oneself
up by one’s own bootstraps—here, the economy might be in a given equi-
librium mainly because of expectations that it will be in that kind of equi-
librium. If the expectations in different markets are self-reinforcing through.
quantity signals, exogenous changes might not have much effect unless they
change the expectations themselves. The “bootstraps” element appears even
stronger when we recognize that the expectational variables in each of our
demand and supply functions are defined with respect to the initial positions
of households and firms. There is no ahistorical, abstract consumption
function-—the function will be different depending on the starting point and

the expectations it creates.
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This limits the value of standard comparative statics exercises, but some
expertence with the mechanics of shifting the curves about will still be
useful, and it will suggest two important general pomts First, starting in a
gwen constramnt regime (type of equilibrium), the regime towards which a
given exogenous change moves the system will differ according to precisely
where the system 1s at the outset. For example, starting in Keynestan Un.
employmem an crease m g might move !h\, system towards Classical
Ui Y or Ul in partrcular on how
high the money wage s at the stan) Second a single policy instrument
cannot in general simultaneously bring both the product and the labor
market to equiibnium. A single instrument right reduce the size of excess
effective demand or supply in both markets, but there 1s always the danger
of overshooting, and some policies reduce excess demand in one market at
the cost of aggravating it mn the other.

DYNAMICS

In going from one period to the next, the government may have new produc-
tive assets and new liabilities (AM), while firms™ inventory levels and house-
holds’ money balances will in general have changed (Ainv, AM"), and this
period’s dividend payments may differ from those of Jast period. These are
endogenously generated changes in quantities; we might also wish to con-
sder price and wage adjustment, if we believe that this will follow upon
quantity rationing. Again, we may represent these dynamic phenomena in
¢, N space by shifting the H- and F-systems or moving 1n W, P space when
appropriate. Barro and Grossman work out some dynamic paths, but any
such analysis will find 1t difficult to take account of the full range of inter-
temporal changes 1 asset holdings outlined above, as well as expectationat
effects There is clearly a great deal of work to be done belore we have
reahistic dynamic representations of the quantity-constrained macro modet
of this chapler

The Model and Actual Economies

‘We can try to introduce a bit of realism into the reappraisal model by
asking when and where we might observe each of the various types of
equilibria 1n real economues.

The case of K L or i aggregate effective
demand, is familiar enough, but V\C can say a little more about it. We've
seen how in our equilibrium of type K, there 1s excess supply in both goods
and labor markets (the latter bemng mvoluntary unemployment), and they
reinforce each other. This provides some justification for the assumption of
sticky wages and prices and for the persistence of this type of unemployment
equilibrium in the absence of expansionary government policies. With excess
supply in both markets, there is fess likelihood of an adjustment of the
relative price of labor and goods—the real wage—sufficient to clear the

1 r
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markets. Moreover, witl} the demand for labor determined by the demand
for goods and the marginal product of labor already greater than the real
wage, offers to w_o‘rk at still lower money (and hence real) wages won’t get
jobs for any additional workers,

We also have an explanation for the empirical observation (contrary to
the thepretlcal discussion in Chapter 7) that the real wage often moves
procycl.lcally—up_for at least a substantial part of a period of economic
expansion, down in a contraction. For as we saw, when the labor market
doesn’t clear, there need be no unique relation between the real wage and
the level of employment. For a given level of employment, determined by
demand conditions in the goods market, the real wage may be anywhere
between the demand price of employers (the marginal product of labor) and
the supply price of workers. In an upswing, with the demand for labor and
average productivity rising, employers may be willing to raise money wages,
while prices may be fairly sticky until costs start to rise and order books
lengthen. There will be nothing to stop the resulting rise in the real wage
;xrlilt_ﬂ i)t approaches the marginal product of fabor (which will itself ‘be
alling).

In the small open economy facing perfectly elastic foreign demand, the
goods market will clear (ignoring nontradeables), so Keynesian Unemploy-
ment becomes just excess supply of labor, which then is due to an exces-
sively highly real wage. But in reality, although a small open economy may
well face a very elastic supply of goods from abroad, it may be fairly
specialized as an exporter and therefore be unable to sell all it likes. This
asymmetry may explain why although excess supply of both goods and
labor seems fairly common, we do not observe Classical Unemployment
very often. The excess demand for goods in this case simply sucks in im-
ports, so we are left with only excess supply of labor. It has been suggested,
however, that in France in 1968, when money wages rose very sharply and
suddenly, the unemployment that followed for some time fits our picture of
regime C. Another case might have been the recession of 1974. The oil
price increase brought a substantial fall in the terms of trade of the major
industrialized countries. Workers got money wage increases to try to main-
tain their real incomes in the face of price increases, so real wages didn’t
fall as much as the real marginal product of labor. Profits fell, and firms
cut output and employment, while there was also some reduction in the
demand for goods as price increases ate away households’ real balances.
This same effect would be likely to make households want to work more to
restore real balances. So in our double-wedge diagram, we can think of F
moving southwest and H moving southeast though probably not by as
much. The net effect is likely to have been Classical Unemployment.

Again, the possibility of meeting excess demand for goods through im-
ports would appear to make Repressed Inflation fairly rare. The standard
case is wartime, but any economy in which there are strong pressures to
increase output and some control over foreign trade might have general
excess demand. A frequently cited example is the case of centrally planned
economies applying maximum pressure for rapid growth. But there is some
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controversy over whether these economies have in fact had sustained eveess
demand for ¢ goods U T seems a curious case at
first sight. but perhaps the Japanese economy, with its relatively low reat
wage and high demand for labor, might be an example. Here, howener,
firms do a I'aul\ good job of selling abroad the 2oods for which there is
wsufficient domestic demand 4

Conclusion: Some Future Research in Macro Theory

Finally, we dtscuss briefly four smportant respects 1 which the mode! needs
to be qualified or extended. First, markets for fixed investment and financial
assets should be added. Barro and Grossman take a significant step in ths
drrection Assumming, as they do, that financial markets always clear and that
nvestment goods are perfecl substttutes mn suppl) for consumption goods.
there 1s only one signifi d dog: interest rate.
A more comphcated allemam: would be a lv.o-sccmr model with the pos-
sibility of ratioming 1n both consumption and investment goods markets.
This would be a natural extension of Leijonhufvud’s work,

More fundamental in many ways, because it may change the very notion
of equilibnium with which one works. 1s the question: who sets prices and
wages? One possible answer 15 unions, mdustry price leaders, government
Il these decisions are taken by a set of agents different from households and
firms, the kind of microeconomic analysis carned out above remains vahd
though incomplete. An alternative posstbility 1s to pursue Arrow’s recogni-¢
tion that markets which do not clear are not perfectly competitive and\.
attempt to model explicitly mndviduals’ demand and supply schedules in
mmperfect competition. If these schedules are hinked, our analysis holds,
though as with the kinked oligopoly demand cunve, the kinks may only
explam why prices stay where they are for the time being and not why they
change when they do. It seems likely that a proper microeconomic analysis
will need to combine the insights of recent models of monopolistic competi-
tion and those of market behavior under imperfect mformation.

A third important question concerns mternational trade. We briefly ex-
amined the consequences of makimng our economy a small economy in a
world where the goods market clears. But this is a special case, and we
mentioned the case tn which the economy faces a perfectly elastic supply
schedule for tradeable goods but faces excess supply as a seller. If nonmarket
clearing 1s possible at the leyel of the world economy, 2 more general model
is needed to analyze open economes.

Fimally, we come to questions of aggregation and “spillovers.” Taken
Interally, the model of this chapter postulates discrete swiiching between
distinct regtmes  This framework 15 also characteristic of the applied ec
nometnic work on nonclearng markets started by Fair and Jaffee On‘:
difficulty with this approach arises n agpregating, as for example over labor _
markets, where it seems more plausible that some sub-markets are in excess
demand and others in excess supply, but that the relative dominance of the
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Selected Readings

different regimes can change. A similar problem arises when there is excess
demand for “the” consumer good. In reality, with a range of consumer goods,
the excess demand for some will spill over into markets for others. There
will be “forced substitution” from those goods in excess demand to those in
excess supply at the given nonmarket-clearing prices. Thus, there will be
different intensities of rationing, depending on the elasticities of substitution
and how far consumers are forced to switch,and the very concept of aggregate
excess demand becomes hard to define.

These phenomena of aggregation and spillovers imply that aggregation
can smooth out some of the discrete switching in our simple model. This
could affect the empirical and statistical forms taken by macroeconometric
models constructed in-the spirit of the theory we have presented. But in either
case, such models are likely to be rather different from the macroeconometric
models that are currently popular, whether one represents the theory in the
form of discrete switching between regimes, as we have done here, or attempts
to aggregate explicitly over submarkets in different regimes.
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Inflation, Productivity,
and Income Distribution

This chapter begins the transition from the static models of income deter-
mination of Parts II and III, which focused on the determination of the level
of actual output and employment at any given time, to models of the dynamic
development of the economy from one short-run equilibrium to the next.
The four chapters of Part IV on medium-term dynamics discuss various as-
pects of the dynamic adjustment of the economy from an initial short-run
equilibrium towards the long-run potential growth path. In Part V we will
move to the theory behind the determinants of that potential growth path.
In this chapter and the next we focus on inflation. The following sections
begin with a discussion of the nature of inflation—a general increase in the
price level—in the static model. A distinction is drawn between demand-pull
inflation, which is due to a shift in the economy’s demand curve, and cost-
push inflation, which has its impetus in an upward shift of the supply curve.
Next we develop the relationship between wage rate and productivity in-
creases that leave the eccnomy’s supply curve undisturbed. This gives us
the basic rule for noninflationary wage increases: Wage rates can rise at
the same rate as labor productivity without generating a cost-push inflation.
Development of this wage-price-productivity arithmetic then takes us into
: a discussion of the Council of Economic Advisers’ wage-price guideposts,
which were based on that arithmetic. The guidepost arithmetic was also
behind the wage-price freeze of 1971, and the operation of the Council
on Wage and Price Stability, which exists to the present (1977). In the next
chapter we turn to the question: what determines the rate at which the labor
supply function actually shifts up?
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Inflation in the Static Model

Figure 17-1
Demand shift and inflation

In Parts 11 and 11l we developed the static equilibrium™model of income
determination that 1s tllustrated in Figures 17-1 and 17-2. Equilibrium out.
put d ded b busi and the government is determined
in the stdtic model by the intersection of the IS and LM curves of Figure
17-1(a). To derive the economy’s demand cunve we can ask what happens
to equilibrium output demanded as the price level P rises. A price increase
shufts the LM curve left by reducing the supply of real money balances. It
shifts the IS curve left by reducing the real value of household net worth and,
in an open economy, reducing real net exports. Thus, a price increase will
shuft both the IS and LM curves [eft, so that on the demand side equilibrium
real output y falls as P rises, due to the drop in consumption and investment
demand This inverse relationship between v and P gives us the demand
curve DoD, of Figure 17-2.

N,

P3-g(N)
d
\ Pg-g(N)

\‘Ps~f(x)
Py - {(N)

N

(h)
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Figure 172
Demand-pul! infiation.

The equilibrium output supplied by producers in the static model is
given by the economy’s production function, v = y(N; K), combined with
the equilibrium intersection in the labor market of Figure 17-1(b), which

~ determines employment N,. To derive the economy's aggregate supply
*J curve we can ask what happens to equilibrium employment as the price
level rises. A price increase from P, to P, shifts the labor demand curve of
Figure 17-1(b) up from P, - f(N) to P, - f(N). It also shifts the supply curve
up from P§ - g(N) to PS5 - g(N). If the general Keynesian assumption that
P¢ = p(P), with p’ < 1, holds, then the shift in the demand curve will be
larger than the supply curve shift, increasing equilibrium employment from
Ny to N, in Figure 17-1(b). This action increases equilibrium output on the
supply side from y, = p(N4; K)to y, = y(N,; K) along the production func-
tion. This positive relationship between P and y on the supply side is shown
as the S,S, supply curve in Figure 17-2.

-

THE EFFECT OF A DEMAND INCREASE -
DEMAND-PULL INFLATION

5 In Parts [T and III we analyzed the operation of the static model in terms of
a shifting demand curve. Any shift in a demand or supply function under-
lying the 1S or LM curve will, in general, result in a shift in the demand curve
of Flgure 17-2. For example, if-the saving function shifts down——reﬂectmg
less saving at any given income leve]—so that there is an exogenous increase
in consumer demand, the IS curve in Figure 17-1(a) will shift up toward 1,5,
and the demand curve of Figure 17-2 will Shlft up to-DyD,.
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In ths case, at the mitial price level, Py, the equilibrium output on the
demand side of the economy rises to y, 1n Figures 17-1{(a) and 17-2. This
creates excess demand measured by 3y — yo, and prices begin to rise. The
price increase shifts both the IS and LM curves left, reducing output de-
manded toward y, along the new demand cunve Dy D;.

The_reduction of demand due to the price increase_comes_from three
facfors. First, the price increase reduces the supply of real balances, raistng
‘mterést rates and Hly reducing in d d. Second, the price
increase reduces the real value of assets, shifting the saving function up and
reducing consumer demand. Third, the price increase reduces real netexports.
All these effects tend to reduce excess demand from the demand side of the
econom

While demand 1s falling from y, toward y, in Figure 17-2, the price in-
crease also raises equltbrinum output on the supply side from y, toward y,.
With the labor demand curve shifting more than the supply curve in Figure
17-1(b), employment and output rise, reducing excess demand from the
supply stde When the price level has tisen to P, in Figure 17-1(b) and Figure
17-2, excess demand is elimmated and the economy is at a2 new equilibrium
level of output, v, and of employment, N,.

The price increase generated by an upward shuft in the economy’s demand
curve 1s frequently called demand-pull inflation. A general price increase is
an mfilation, and one caused by a demand shilt is identiffed as demand-pull
inflation This is in contrast with a cost-push inflation which nas its impetus
on the supply side of the economy.

THE EFFECT OF A SUPPLY SHIFT: COST-PUSH l{\lFLATION

Inflation can also result from an upward, or inward, shift of the supply
curve, as illustrated in Figures 17-3 and 17-4, The upward shilt of the supply
curve creates excess demand at the initial price level, Pg, raising prices but
bringing a reduction m equlibrivm output, as opposed te the demand-pull
case where the price increase rases output. .

In Figure 17-3(b) we show an exogenous upward shift in the labor supply
curve from P§ g%N)to P§ - g*(N). This may result from an increase in wage
demands 1n a highly unionized economy, or from a shift in tastes toward
leisure The upward shift in the labor supply function reduces equilibrinm
employment at the mtial price level. In other words, the economy’s supply
curve shifts back to $,S in Figure 17-4.

The shift of the supply curve creates excess demand measured by 3, — ¥y
in Figure 17-4. At the initial price level, Py, producers want to supply y1.
but consumers, business, and government want to buy y,. As usull, excess
demand raises the price level.

. On the demand side of the economy, the price increase reduces equilib-
rium output from y, toward y, along the original demand curve DoDs.
This movement is shown in Figure 17-3(a) by the lefiward shifts of the IS
and LM curves. At the same time, the price increase raises equilibrium
output on the supply side from y, toward y, along the new supply curve
$,8, in Figure 17-4. In Figure 17-3(b) the {abor demand curve shifts up
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(a)

Figure 17-3°
Supply shift and inflation. (b)
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Cost-push inflation. Y Y2 Yo
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toward P, - f(N) while the price increase induces a further upward shift
in the labor supply function toward P - g*(N).

The price increase thus reduces the excess demand gap by reducing de-
mand along the DD, curve and increasing supply along the S,S, curve
in Figure 17-4. Equilibrium is restored at P, in Figures 17-3(b) and 174,
where the excess demand is eliminated and output has fallen to y,. Inflation
due to an upward shift of the supply curve is generally called cost-push infla-
tion. The increase in wage demands, represented as an upward shift in the
Iabor supply curve of Figure 17-3(b), raises costs and causes producers to
cut back output and raise prices.

In Chapter 6 we saw that the economy’s supply curve can also be shifted
up by a drop in the marginal productivity curve, f{N). This also raises costs
at a given wage rate, reducing equilibrium employment and output and
raising prices. It should further be clear that a productivity increase, shifting
P, - f(N) up in Figure 17-3(b), will tend to shift the supply curve out in
Figure 17-4. Thus, a productivity increase will tend to balance an increase
1n wage demands in terms of the net effect on the economy’s supply curve.
We will return to this point shortly.

THE EFFECTS OF INFLATION ON OUTPUT AND EMPLOYMENT

The effects of inflation on output, at least in the short run, depend on whether
the intial impulse is cost-push or demand-pull. In Figure 17-4 we see that
the cost-push impulse leads to a rise in the price level and a drop in output
along the demand curve. A demand-pull impulse would shilt the demand
curve up, resulting in a rise in the price level but an increase in output along
the supply curve. The 1965-1968 period in the U.S. was mainly one of
demand-pull inflation with output rising more rapidly than trend growth;
the 1973-1975 period had a large cost-push element from agriculture and
oil, and brought a drop in output.

The effect of d d-pull inflation on empl is clear. The rise in
the price level shifts the demand-for-labor curve up more than the supply
curve in Figure 17-1{b), increasing employment. The effect of a cost-push
inflation on employment is less clear. In Figure 17-5 and 17-6 we show an
extreme case, mentioned in Chapter 6, in which the shilt in the production
function does not shift the demand-for-labor curve, which is derived from
the marginal product of labor (MPL)—the slope of the production func-
tion. I the production function shifts down so the slope is the same at the
initial level of N, this will be the case. An example would be a production
function in which raw materials or energy E entered additively with capital
and labor, which in turn produce value-added:

y=y(N;K)+ bE.
H:rE: b is a fixed energy-output coefficient, and the MPL does not depend
onE. .
In this unl_lsua] case, shown in Figure 17-5, the price increase that follows
the supply shift will increase employment! In Figures 17-5 and 17-6 we see
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that the price rise increases employment from N, to N, partly cushioning
the output drop. Essentially, as the supply of energy inputs is reduced, .
employers try to substitute labor for energy in production, so production
does not fall as much as it would if the labor input were fixed. Equilibrium
output y, must lie between y, and y,, as in Figure 17-6.

Normally, we would expect a decrease in the supply of a cooperating
factor of production to reduce the marginal product of labor, as well as the
average product. If this were the case, the f(N) function in Figure 17-5 would
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shift down along with the y{N;K) function. The initial equilibrium level
of employment would then drop along the P - g{N) labor supply cune.
‘The subsequent price 1ncreases would tend to restore some of the drop in
employment. Whether it would get employment back up to the initial Ny
Ievel depends on the values of the elasticities of the curves in Figures 17-5
and 17-6.

The main pomnt here, though, is that the effects of inflation on outpu!
are fairly clear, but while demand-pull tends to increase employment, cost-
push may not, in 1tself, reduce it

THE SELF-LIQUIDATING NATURE OF INFLATION

In the static model, inflation is caused by excess demand in the product
market. Excess demand can, however, come from an upward shift in the
demand curve which generates demand-pull inflation, or from an up¥
shift m the supply curve which generates cost-push inflation. Both types of
nflation are characterized by excess demand.

With either demand-pull or cost-push inflation, the excess demand means
that at the initial price level and interest rate level, aggregate demand exeeeds
supply tn the economy. The ensuing price increase from P, to P, in both
the demand-shift and supply-shift cases works on both the demand and
supply sides of the economy to ¢liminate excess demand.

As we have seen, the pricé increase reduces investment demand through
the money market effect on r; it reduces consumer demand by reducing
household net worth; and 1t reduces real net exports by making U.S. goods
more expensive relative 1o foreign goods. On the supply side, the price io-
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crease raises equilibrium output and employment in our general model
-while in the classical model with p’ = 1 all the adjustment comes on the de-
mand side. In either case, inflation is a self-liquidating phenomenon in the
. static model. Price increases are caused by the appearance of excess demand
.and tend to eliminate that excess demand as long as the IS and LM curves
are not s}ufted by the government to counter the effects of the price increase
in changing employment and real output.
It _the government is committed to maintain full employment, a cost-push
inflation can become more or less continuous, due to a policy reaction known
as validation. In Figure 17-3(b) the upward shift in the labor supply curve
;educes. the equilibrium level of employment to N, from N, presumably
increasing measured unzmployment. In Figure 17-4 this is represented by
the output drop to y,. A full-employment policy, rigorously pursued, would
: lead the government to.shift the demand curve in Figure 17-4 out by mone-
. tary or fiscal policy measures, in order to restore the full-employment level
of output y,.

The price increase associated with this demand increase could, in turn,
bring another upward shift of the labor supply curve, followed by another
validating increase in demand, and so on. This kind of mechanism could
produce a continuing upward pressure on prices through the reaction of
government policy to cost-push inflation. Thus, while inflation is self-
liquidating in the static model, it may be fairly continuous if there is a ten-
dency for the labor supply curve to shift up faster than productivity at full
employment, with aggregate demand policy validating the cost push.

IDENTIFICATION OF DEMAND-PULL AND
COST-PUSH INFLATION

In practice, it is extremely difficult to separate demand-pull from cost-push
inflation. All that the price and wage data show is an unending sequence
of price and wage increases. If we choose a wage increase as the initial de-
parture from equilibrium, then the subsequent inflation may be labeled
cost-push. But if a price increase is taken as the initial departure, the inflation
is demand-pull.

In addition, with labor union bargaining the picture is more complicated.
With a union contract period of three years, an initial burst of demand-pull
inflation can leave the union asking for a wage increase to compensate not
only for the past lag of wages behind prices, but also for the expected price
increase. In this case the labor supply function may shift up in anticipation
of an expected demand-puli price rise.

Wages, Prices, and Productivity

It was pointed out earlier that while an upward shift in the.labor supply
curve will tend to shift the economy’s supply curve up, creating cost-pus_h
inflation, an upward shift in the labor-demand curve due to an increase.in
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Figore 17-7
Nonunflatonary wage
increase

the marginal productivity of labor will tend to shift the economy’s Supply
curve down, so that the two movements—in wages and in productiviry.—
tend to cancel each other out. A case in which the two effects just balance
each other is shown in Figure 17-7(a). There at the initial price leve], Py,
equilibnum supply-side employment remains at No as g{N) and f(N} both
shift up. This shows a noninflationary wage increase with real wages Tising
as fast as productivity, leaving equiibrium employment at N, and the
equilibrium price level undisturbed.

In Figure 17-7(b), we see that the it in productivity
by the upward shift of f(N) in Figure 17-7(a) shilts the production function
up. At any employment level N, output y is greater along y'(N; K) than
on y°(N; K), and the slope of the production function &y/éN = f{N) is also
steeper, that is, greater.

Thus, the increase in productivity represented by the shift from fo(x)
to f(N) in Figure 17-7(a) raises equilibrium output supplied at any given
level of employment. At the initia} equilibrium Pg, N, level, equilibrium
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output on the supply side rises from y, to y, in the Figure 17-7(b); with
-wages and marginal productivity of labor growing at the same rate, the
economy’s supply curve in the P, N space is undisturbed, while the supply
-curve in the P, y space shifts out.

This relationship between the two supply curves is shown in the four-
quadrant diagram of Figure 17-8. In the northeast quadrant of Figure 17-8
is the supply curve in the P, N space, as derived, for example, from the labor
market diagram of Figure 17-1(b). The production function in the southeast
quadrant of Figure 17-8 translates employment into output supplied; yo(N,
K) is the production function of Figure 17-7(b) turned upside down. The
45° line in Figure 17-8 transfers y to the horizontal axis. Starting with
equilibrium Pg, N in the northeast quadrant of Figure 17-8, the same Py and
N, us in Figure 17-7, we can obtain y, from the production function, and
Py, y, in the northwestquadrant of Figure 17-7 is a point on the aggregate
supply curve in the P, y space, S,S,.

If labor productivity and the wage rate now rise by an equal amount,
equilibrium P, and N, will be retained with W rising from W, to W, in
Figure 17-7(a). Equilibrium output will rise to y, in Figure 17-8 shifting the
aggregate supply curve in the P,y space to S;S;. The initial level of employ-
ment and price level are now consistent with a higher wage rate W, and level
of output y,, due to the productivity increase. Thus, to maintain equilibrium

P
S
Sg
Sy
Py
e |8
: N
y r 1
i Yo 45 Ng
Yo
y = yo(N;K)
. Y1
Figure 17-8
Supply-side equilibrium ' =
“with a productivity y = y}{N;K)

““increase. B y
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17.9
Equilibrium demand-side
output with an increase in
productivity.

—_—

in the y at Po,No, yy, d d-side equilibrium output must alsg be
expanding, with the economy’s demand curve shifting out. This requires the
1S-LM intersection to shift out, as shown in Figure 17-9, to maintain supply-
demand balance at the equilibrium price level P,. If the labor supply curve
shifts up as shown in Figure 17-7(a), raising wages along with productivity,
the initial employment level, No, will remain the equilibrium employment -
Tevel at price level P, so that the economy will remain in equilibrium with
output, productivity, and the wage rate rising, and employment and the price
level constant.

This basic wage-price-productivity relationship can be derived from a‘!
version of the labor market equilibrium condition,

W=P-f(N). )
For any given N, the price level is given by '
w
P, ¢]
SNy

If the money wage W and the marginal productivity of labor J(N) grow at
the same rate, there will be no change in equilibrivm P. For example, stasting
from

W

Fo= 7L

assume that both I and f(N) grow at S percent per year, so that W, =
Wy(1.05) and [f(N)]; = Lf(N)], - (1.05). Then for P we have

poo YA WY W .
L], LAND0.05) [/ (Mo ., 3

In logarithmic terms, (2) can be written as '
InP=InW — Inf(N). ®
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(Spe the appendix_ to this chapter for a brief introduction to logarithms.)
Since the differentials of logarithms are percentage changes, differentiation
of (3) with respect to time gives us

P =W —[f(N]. )
Here we introduce the notation to be used throughout Parts IV and V: a

dot over a variable denotes the percentage rate of growth of the variable.
Thus, we define

dP
. dt
P=—
- P ’
and in general, for variable X :
ax
. dt
X =—.
X

Thus, if W and f(N) in equation (4) grow at the same rate so that W =
[ f(N)], P will be 0, that is, the equilibrium price level will remain unchanged.

Another way to look at equation (4) is to note that since the real wage w
is just W/P, the growth rate of the real wage is given by

w=W —P. (5)

If money wages grow as fast as productivity, and P remains unchanged so
that P = 0, (5) combined with (4) gives us

w=W - B =[f(\V] ©)

Thus, another way to state a noninflationary rule for wage increases is that
the real wage rate can grow as fast as productivity with no change in the
equilibrium price level.

ILLUSTRATION: THE COBB-DOUGLAS FUNCTION .
In the Cobb-Douglas production function, introduced in Chapter 11,
: y=a K2N1 e D
and l . ,
dy aK*N'~¢ ¥y
=) = -0 == ®)
is the expression for the MPL, f(N). Then since W = P - f(N),
y
=P-(1 —o)=— 9).
w (1-o N 9)
so that
p=—" (10)
(i-a
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In logarithmic terms equation {10) is

InP=an——ln}':—;-—ln(l —a), a

Smce total daffer ion of logs gives changes, equation [{ts
gives us . i

P=W—-i/N), (i)

as mn the general case.

Thus, an ncrease in the money wage rate and productivity of the same
percentage amount leaves the equilibrium price level unchanged. In terms
of the labor supply and demand curves of Figure 17-7(a), an increase of boty
wages and productivity at the same rate can come from both supply and
demand shifting up by the same amount, keeping Pg, N, unchanged

UNIT LABOR COST AND THE LABOR SHARE

This lme of analysis can be carried further. We can define the unit labo
cost, {U/LC)—the Iabor cost per unit of real output, as
W v
ULC = _IY = L_ i}
¥y r ~

N
where N is the total labor force employed. Taking logs we have 5

IULC=lnW ~In sz i

This tells us that if the money wage rate and productivity increase at th
same rate— W’ = (3/N)—then unit labor cost remains constant.

The labor share of total output S, can be written as
WN _w ) I
Py r

N

We have seen that if the real wage w and productivity 37N grow at the
same rate, the equilibnum price level can remain unchanged. Taking logt
of equation (15) and differentiating, we see that

§p =W —(3/N). (16

-
Thus, if wand y/N grow at the same rate, the labor share of dutput rem -
constant: $; = 0. If the capital share of output is just 1— S, then &,
irplies that if w and y/N grow at the same rate, so that IV can grow
fast as y/N with P constant, the capital share of output will also remait
constant.
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‘The Wage-Pljic_e Guideposts and Income Distribution

The wage price-productivity arithmetic we have just reviewed says that if
money wage rates W grow as fast as average labor productivity, y/N, and
the average price lgtve! P remains constant, then the relative shares of capital
and labor—the distribution of output to the factors of production—will
remain constant and unit labor costs will also remain constant. This is the
ful}damqntal arithmetic behind the Council of Economic Advisers’ wage-
price guideposts, first published in the Economic Report of the President in
January, 1962, and all subsequent attempts at incomes policy in the U.S.

The CEA’s general guidepost for wages was that the rate of increase
of wage rates including fringe benefits in all industries should equal the
economy-wide trend rate of productivity increase. Adherence to this guide-
post would maintain a constant average unit labor cost in the economy.
The general guidepost for prices was that in industries where productivity
rose faster than average, prices should fall, and in industries where produc-
tivity rose siower than average, prices should rise, maintaining average price
stability. -

This formulation of the guideposts would have all wages growing at
about the same rate. If we put bars over variables to indicate economy-
wide averages, the wage guidepost says

W; = (3/N). (17)

Wages in each_industry i grow as fast as average labor productivity. If this
is the case, unit labor costs in any given industry i will grow at the rate:

ULC; = W, — (y/N); = (3IN) — (3/N).. (18)

So if industry i has productivity growing faster than average, its unit labor
costs will be falling and the price guidepost says that it should reduce prices
at the rate of ULC decrease to preserve constant relative shares. Conversely,
if the industry’s productivity is growing slower than average, ULC; will be
rising, and prices must rise to preserve relative shares. On average, adherence
to the price guidepost will maintain a constant price level.

i

POLITICAL DIFFICULTIES WITH THE GUIDEPOSTS

The CEA’s guideposts came under fairly heavy political fire from the begin-
ning, aimed both at the substance of the guideposts and at the way they
were enforced. The guideposts, if followed, would maintain constant relative
shares of output going to capital and labor, so that labor’s aggregate share
of total output would grow as fast as capital’s share along trend growth
in y. While this may seem to be the best neutral prescription for a functional
income distribution policy, it is not satisfactory to either management or
labor, both of which want to raise their relative shares. Thus, the guideposts
were not accepted by either business or labor as an income distribution
prescription. .
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The guideposts, in addition, had no legal standing, so that enforcemer
in cases of price or wage increases by individual companies, unions, or
industries was leR to public exposure by the CEA or the President, folloasd
by public pressure generated by the President to roll back the price or .
wage increase in question. Business naturally resented this kind of selective
political pressure. Also, to some this scemed to be an arbitrary exercise of ;
power in an extralegal fashion by the White House, although it was desr
that the price increases that were subjected to scrutiny represented the ex-
ercise of monopoly pawer by industry.

ECONOMIC DIFFICULTIES WITH THE GUIDEPOSTS

From 1962 10 1965 wages and prices, by and large, followed the guidepost
prescription. Whether this wage and price behavior was due to the guide
posts, or whether it was due to the slackness of the economy and unusually
rapid productivity increases which permitted substantial wage increases
without disturbing unit labor costs, is another matter. In the next chapter
we will note some empirical evidence that the guideposts did, in fact, mate
a difference for wages,

However, beginning in 1965, the guideposts broke down due to their
two major ic weal Firs, the guideposts can be effective only
in the monopolistic sectors of the economy. The guideposts prescribe how
people should set prices and wages; firms and individuals in competitive
markets have no control over their prices and so cannot observe the guide-
posts. Thus, as excess d d appeared and i d beginning in 1965,
prices rose in competitive sectors of the economy, making it more and more.
difficult to require the monopolistic sectors to hold the line.

The second major problem is that the guideposts do not prescribe
behavior for wages when prices violate their guidepost, and vice versa. With
productivity rising at about 2 percent per year, the wage guidepost pre-
scribes wage increases of 2 percent per year. If prices are rising, violating
thetr guidepost, then real wages are rising slower than productivity and the
labor share is falling relative to the profit share. If prices rise faster thaz
2 percent per year, as they have since 1966, real wages would fall if the
guideposts were respecied. Thus, as prices rise it becomes unreasonable to
ask labor to follow the wage guidepost, so wages begin to rise, making it
hard to hold prices to the price guidepost in turn.

As a result of excess demand pressure, combined with the lack of a
remedy for bad price behavior, the guideposts broke down in the late 1960s.
In its Anmual Report of January, 1969 the CEA, while repeating the indis-
putable correctness of the wage-price-productivity arithmetic underlying
the guidep gnized that excess d dp had made
unenforceable, at least for the time being, and did not publish a s¢t of nu-
merical wage and price guides for the coming year. \

In August 1971, with the inflation rate down to about 2.5 percent, after
the excess demand explosion of the late 1960s and the recession of 1969~
1970, the Nixon Administration imposed wage and price controls that
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implicitly followed the guidepost formulas. The excessive stimulus to demand
that followed in 1971 and 1972 led to another round of inflation when price
controls became unmanageable in 1973. Subsequently, the Council on Wage
and Price Stability and the Council of Economic Advisers have tried to use
“moral suasion” and any pressure tactics they have available to induce
business and organized labor price and wage decisions to follow guidepost
behavior.

Although the guideposts and wage and price controls broke down under
excess. demand pressure, it is quite possible, even likely, that the guideposts
are useful in holding down cost-push inflation in a situation where there is
no general excess demand and prices have been fairly stable so that wages
can reasonably follow the wage guidepost. The U.S. economy experienced
such conditions from 1961 to 1965, and again in 1971. Perhaps coming out
of the 1974-1975 recession such conditions can be reestablished so that
unemployment can be gradually reduced without the reappearance of excess
demand and inflation. .
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Tﬁ% Uses of Logarithms

The Natural Constant ¢

The first step in the derivatron and uses of logarithms is the developmentofa '
natutal censtant, which is generally denoted by the letter “e* We can begin
by looking at the difference between discrete and contmuaus compounding
of mnterest or growth.

Supposc a sum of money y, is invested at interest rate r compounded
annually. Then, at the end of ¢ years, y, will have grown to

o= yoll 7). m
If the interest or growth is compounded twice a year, then

£y
Y= Yc(l + ) @

qu_xmions (1) and (2) can be generalized to compounding at i times 2

year with
o
1 (1 + 5) i ®

We can rewrite equation (3} as

=l (3 T

392
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This equation can be simplified by defining m = n/r and substituting:

Vi= 1-4-—1— I
L .0[( ‘ ’”) ] . (4)

In the case of continuous compounding or growth n— oc. From the

definition of m we see that as n approaches infinity (for any finite rate r) m
also goes to infinity.

Therefore, for continuous compounding equation (4) can be written as

Y, = lim _\'0[(1 +i> :| .
m-r m

But it can be shown that
lim (1 +i) = 271828 =e.
m— o m

Thus, as m — oc, and we use continuous compounding,

l i t
v = l L — = 1 ‘.
W m’_{"l.‘o[(l +m> ] Yo~ {5)

Thus, 3, = yo€" is the continuous compounding analog to the discrete com-
pounding equation (1), ¥, = yo(1 + r).

" Natural Logarithms

The natural logarithm (In) of a number is defined as the power to which ¢
must be raised to obtain that number, that is, if y = ¢, then Iny = x, or
Iny
y=err
Logarithms have the following convenient algebraic properties.

1. Products: By the definition of the natural logarithm, we have
NT = eln Xz e|n xeln: — eln x+1in :‘
since x = e~ and z = ¢ *. This gives us the rule for products that
Inxc=Inx+1Inz (6)
2. Exponentiation: Again, by the definition of the natural logarithm,
x: - [(.’““ x)]: — e:ln x
Thus, the rule for exponentiation is given by
- In¥®=alnx. ‘ (7

Furthermore, from equation (7) for exponentiation and equation (0)

for producls, we can see that if
- B
=Xz
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then we have
Iny=alnx+ flnz. . 6]
3. Quotients* To handle quotients in logarithmic terms we simply note that
X_ xz™!
z Ay

This gives us the quotient rule that
ln;:lnxz":lnx—ln:. ©

4. Derwatives. The derivative of the function x =Intis ~
2
dt

It 1s useful to prove this equality. We can do this by substituting (x + Ax)

for x and (¢ + A1) for ¢ in the original equation.

x4+ Ax =In{t + A1),
Ax =In(t + Af) - x,
Ax = In(t + At) — Int.

d 1
= E(ln )= - (10}

From the quotient rule,

Ax=111('+t’3')=1n(1 +¥).

Dividing both sides by At gives us

A Lom(1+8) =2 (L)mf1+ 2
At At o) Tragm )

From the exponent rule, we have
Ax 1, Ar\me
-~ v n(l +7) .
¥ we let m = 1/At, then
Ax 1 1\
T In (l +;) .

As At — 0, m— oo, Therefore,

. Ax _dx 1 1"
lim —~=-~-= lim ~ =
ao Bt dt ,,‘.T.’, t ln(l +m) :

lim (l +l) =e
- m

As noted above
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Therefore,
dx 1 1

—=-lne=-
dt t t’

since lne = 1.
Ifx = f(t), we can take the natural logarithm of both sides of the equation,

Inx = In(f(2)).

We can also differentiate both sides with respect to time:

i _d 1 4
dtﬂnx)—zln(f(t))—-m I
Thus, we have
d _J0
Z(lnx)~7—(5, (11)

where f'(t) = (d/dt)f(t).

The right-hand side of equation (11) is seen to be the instantancous
proportional rate of change (or growth rate) of x.

As a specific example, consider the Cobb-Douglas production function,

y =KL, (12)

where y is real output, and K and L are capital and labor inputs. In loga-
rithmic form, (12) can be written as

Iny=alnK +(1 —o)InL.

Application of the rule given by equation (11) for differentiation with respect
to time gives us

dy dK dL
dt dt dt
— e —a)— 13
" -z +(1—a) i3 (13)
so that the proportional growth rate of y is a weighted average of the propor-
tional growth rates of K and L.

Point Elasticities
These concepts can be applied more generally in the notion of the point

elasticity of a function. If x is a function of, say, L that does not represent
time, then the expression

Z-E, (14)
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is the ratio of the instantaneous percentage change in x to the accompanying
instantaneous percentage change in L. We can write
x = f{L)
Iwelety=Inx, h=InLsothat L = ¢, then
d(lnx) ﬂ

d(nL) di’
Multiplying by (dx/dx) - (dL/dL) and rearranging gives us

diny) & _d dxdl_(d, N(V(d
dinl) dh dxdLdh \dx dL/\dh

dx
ldx , Ldx x
TxaLt TYaTar
n

Therefore, we see that the point elasticity of x with respect to L, E;p
can be given by

_d(inx)
" dn Ly
Again, 1n the case of the Cobb-Douglas production function, where
Iny=alnK+ (1 —a)inL,

1%

holding L we have the elasticity of y with respect to K given by
diny
Ey = InE = o
Similarly, holding K constant, we have
diny
E,L—m'-—(l —a).,

‘Thus the coefficients of the Cobb-Douglas function are the partial elasticities

of output with respect 10 changes in the X and L inputs.



Infiation and Unemployment
In the 19708

The major macroeconomic events of the 1970s have been the worldwide
inflation since 1972, and the worldwide recession of the mid-1970s as govern-
ments reacted to the inflation. The inflation, and the policy reactions to it,
are discussed in this chapter, using the analytical apparatus developed in
Part II. This discussion serves two purposes. First, it should provide the
reader with a fairly clear understanding of the sources of the inflation we
have seen since 1965 or so. Second, it provides a good opportunity to exercise
the analytical tools learned in Part II. The macroeconomic events of the
last decade, while a painful experience for many, provide us with the equiv-
alent of the scientist’s laboratory experiment.

In the first section of this chapter we review the basic analytics of inflation.
The short-run Phillips curve relating the rate of wage increase to the un-
employment rate is developed first. It is then augmented by a price equation
and the price expectations relation of Chapter 6 to obtain the steeper long-
run Phillips curve. This gives us the basic determinant of wage and price
inflation. Next we go on to discuss the two inflation cycles since 1965, ap-
plying this analytical apparatus. Finally, we discuss general policy pre-
scriptions for dealing with inflation, both slowing it down and making it
less painful.

One principal point of this chapter is that the inflation since 1965 can
be understood quite readily in the framework of the macroeconomic anal-
ysis of Part I1. The inflation has come mainly from the overstimulus of the
Vietnam war, a major series of crop shortfalls in the early 1970s, and the
oil price increase of 1973-1974. The analytical apparatus of Part I helps
us understand how these shocks affect the economy; macroeconomics cannot
tell us how to avoid such shocks.

397
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The second main point is that the Phiflips curve has drifted up since the
early 1960s, s0 a 5 percent unemployment rate probably gives us a § percent
rate of inflation now, rather than the 1 or 2 percent of the early 1960s. On
the other hand, the supply-induced price increases from agriculture and
oil in the 1970s were not continuing events, so the extremely high inflation
rates of 1973-1974 were temporary. There is no reason for pohcy to avoid
reducing the unemployment rate back to around $ percent.

The Relation of Wage Changes to Unemployment :
The Philips Curve

The wage-price-productivity anthmetic of Chapter 17 showed that if money
wage rates nise as fast as productivity, in general there is no reason for the
equilibrium price level to rise. That discussion assumed that the Jabor supply
curve—the workers' money wage demands—shifts up through time, and
focused on conditions for noninflationary wage increases. The question re-,
mains: What determines the rate, at which the labor supply curve shifts
upward? That is, what moves the money wage rate? The answer to this will
lead us imto a discussion of the Phillips curve—the relationship between
the rate of increase of money wages W and the unemployment rate u,

THE THEORETICAL BASIS FOR THE PHILLIPS CURVE

From the labor market diagram of Figure 18-1 we can see that an iny”
crease tn the demand for labor—an outward shift in the P - f(N) curve=
will bring an increase m the money wage rate, due to the appearance of
excess demand in the labor market. In Figure 18-1 at wage rate W, there

<15 excess demand for labor measured by N% - N3. This excess demand
biuds the wage rate up from W,,. The assumption here 1s that the percentage
rate of increase of the wage rate, W, depends on the maegnitude of'the excess
‘demand for labor, N ~ N*, That is,

W=/ =Ny f>0 . o
w
Pe-g(N)
Py -f{N)
Figure 18-1 - N

Excess demand for fabor NN
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Figure 18-2
Unemployment and excess
labor supply.

Excess Supply‘ of Lahor

Figure 18-1 shows that both the demand for and the supply of labor depend,
in turn, on the level of the wage rate.

-A complete model of the labor market would include empirical estimates
of the labor demand gurve, the labor supply curve, and the wage adjustment
functgon, equation (1} Empirical estimates of labor demand and supply
functions are very difficult tG obtain, but the wage adjustment cquation is
more manageable and can be estimated independently of the demand and
supply functions. Obtaining this estimate involves trt&;‘sforming the excess

demand expression in (1) into the unemployment rate.{The British cconomist
A. W. Phillips introduced the inverse relationship befween the rate of wage
increase and unemployment into the economic literature in 19587~

ézsbegin with, we can note that excess supply in the labor-market,
N°® < N4, is just the negative of excess demand, that s,

s
Excess supply = N* — N? = —(}y¢ — N¥), (2)
Using this relationship, we can rewrite the wage adjustment equation (1) as

W= —fN"~N%); - f'>0. 3)

The next step is to introduce the unemployment rate u = U/L as a proxy
for excess supply. As 2’e/‘(ce&s supply rises, the unemployment rate rises, as
shown in Figure 18-2/ From the discussion of search unemployment in
Chapter 8, we recall” that[ there generally is positive unemployment_even
‘whgn_t.he_labor-mar.kel_ism.equilibrium,.that.is_when_exmsssnpply.is.zcm.f
Thus, the excess supply-unemployment rate function of Figure 18-2 crosses
the horizontal axis at a positive value of unemployment. 2

/

’

/ Substituting the unemployment rate for excess supply in equation (2T}
gives us the wage adjustment equation,

W=g); g <0 @)

Since W falls with an increase in excess supply, it also falls with an increase
in «. Thus, as unemployment- rises, the raté of increase of wages falls, and
“Vice versa as unemployment falls. Equation (4) is the basic short-run Phillips
curve equation relating W.to 2~ 1
o ERET ]

/
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Figure 18-3
The Phellips curve

Figure 18-3 shows this Phillips curve, equation (4) We expect that the
g(u) function should have the convex shape shown in Figure 18-3 for the
following reasons. {As unemployment 1s reduced by constant amounts, the
wage rate will rise at arTTﬁcrcasmg Tate, with W approaching iANiy as u
_approaches 0. In cther words; a negative uhemployment rate 1s not observ-
able”On the other hand, there must be some institutional loweT boundary
“below which 1 cannot fall. It takes time to change wage rates, especially
to reduce them, so that W cannot approach —co as the unemployment
rate grows larger and larger, but rather reaches some stable rate of decrease
of wages. Thus, as u approaches 100 percent, W approaches the lower
bound shown in Figure 18-3. These features give the curve jts convex shape
Although these arguments are not really compelling, the empirical estimates
generally support the convexity proposition.

‘The convex shape of the Phillips curve suggests that, on average, the
economy will have less inflation if the level of unemployment has narrow
fluctuations abou some average  than if the fluctuations are wider with
the same mean ?If unemployment is fluctuating symmetrically about the
5 percent level, for example, the average pressure on prices goes up more
below the 5 percent level thgn it goes down above 5 percent, because of the
convex nature of the curve. Thus, the broader the fluctuation in unemploy-
ment levels at any given aveérage unemployment rate, the greater will be
the cost-push mflationary pressure on the econom)/.

UNEMPLOYMENT AND PRICE EXPECTATIONS

The Phillips curve of equation {4) makes the rate of change of money wages
simply a function of the unemployment rate. This is analogous to assuming
that the extreme Keynestan model of Chapter 6 holds: money wage demands
do not respond to expectations of price increases To move to the more gen-
eral Keynestan model, we should add price expectations to the Phillips
curve. For a given level of the unemp]oymem rate u, the faster prices are
expected to rise, the faster money wage d ds will rise. This exp -
augmemed Phullips curve can be written as

W= f(u) + aP. 8]




Figure 18-4
» Short-run Phillips curves.

i
H
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_Herc, J <0 As the uncmploymcm rate rises 1. the rate of nominal wage
increase, falls. The coefficient o is the p’ of Chapter 6. measuring the sensitivity
of nominal wage demands to price increases. In the extreme classical case
of Chapter 6, « = 1; in the extreme Keynesian case, x .= 0. Here we assume

_ that o lies between these extreme values, corresponding to the assumption

Lllat 0<p <L in the general Keynesian model of Part II.

“The Phillips curve of equation (5) is shown in Figure 184, There we
see 'th_at as P rises from Pg to P, (P, > Py), the entire curve shifts up. Each
individual Phillips curve for a given P is a “short-run” Phillips curve. Below
in Figure 18-6 we will draw a “long-run™ curve by combining the price
equation determining P with equation (5).

f{u) + P,

~S u
f(u)§i>.\

A reduction .in labor supply due to an increase in demand for leisure
would shift each short-run Phillips curve up; f(u) would rise. Employers
would have to offer larger wage increases to obtain the same amount of
labor as before the change in tastes. Similarly, if the composition of the
labor force changes with an increase in the proportion of workers with
less-than-average attachment to the labor market and higher-than-average
unemployment, second earners in a family- for example, the short-run f(1)
Phillips curve would shift up. For a given movement of wages, unemploy-
ment would rise because the composition shifted toward people with gen-
erally higher unemployment rates. As we see below, this factor has been at
work in the U.S. since the mid-1960s.

THE LONG-RUN PHILLIPS CURVE
The price equation that preservés constant income shares from Chapter 18 is
‘ P=W-—(/N)+e {6)

where the additional term -represents cost-push disturbances. Normally
we expect £ = 0. When there is a major crop shortfall or drop in oil supply.
¢ becomes positive for a time. For example, Joel Popkin has extimated that
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Figore 18-5
The Phillips curve
tinking prices and wages.

in 1973, these two i d the US ¢ price index (cpy)
by 4.5 percent. In that case, for 1973, £ = .045.

If shares do remain fairly constant over time, as we will see is the e
in Chapter 20, and if there are no persistent nonwage cost-push disturbances
{c = 0) then equation (6) gives us a link between wages and prices, so that
the Phillips curve can be stated in terms of prices as well as wages. The*
Phillips curve relationship between the rate of price increase and unemploy-
ment is shown in Figure 18-5. If productivity grows at about 2 percent per
year, roughly the U.S. average growth rate during the 1970s, then, with
constant shares, a zero rate of price increase corresponds to a 2 percent raze
of wage mncrease. Thus for any given level of unemployment we can read
off the rate of increase of wages on the vertical axis to the left of Figure 185
and the rate of price increase on the vertical axis to the right.

W B

O ~lweu®

Combimng eguonons §5) and {6) »e can see how the price-wage spiral
works, and derive the long-run Phillips curve. Suppose an initial cost-push
disturbance ¢ > 0 pushes the price level up, so P > 0. This increases wage
demands: W becomes positive. This in turn feeds back on P thropgh
equation {6), and so on. If the mitial impulse were demand-pull, »e would
first see 3 drop in the unemployment rafe u in (5), raising 11", This would
push up P in (6), giving a further increase in wage demands in (5), and soon.

Theeflect of a change in the unemployment rate or a continuing cost-push,
pressure with £> 0 can be obtained by combining equations (5) and (61§,
Substitution of (5) for ¥’ into equation (6} gives us

- P=fa+aP -Gl +e ‘
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Figure 18-6 -
Long-run Phillips curve.

and solving this for P vields

p=

[fu) - (/L) + &), (N

I —2

as the'lopg-run Phillips curve for the price level. Substitution of (7) back
into (5) gives us ’

W= f) + I—E—a [fG) — (v/L) + €],

and rearranging, we have

o

as the -run Phillips curve for the wage rate. In Figure 18-4, we saw a
family of short-run 3 Tslopes given by dW/du = f°. In the

long-run_Phillips curve of equation (8), the slope s T/{T =z times— '} so
the long-run curve is steeper than the SHOIT= s U0<a<l.
The short-run curves of Figure 18-4, with the Tong-run curve given by
quation (8), are shown in Figure 18-6. Suppose the economy is initially on
the long-run curve at point 4, and the government decides to reduce the
unemployment rate from w; to u,. The demand-pull stimulus would initially
move the economy to point B along the short-run curve. But the P increase
feeds through the wage equation, and the rate of wage increase moves up
toward point C. Where W and P only rise by f'(u) in the short run, they
rise by 1/(1 — «) times f(u) in the long run. Thus the existence of the endog-
enous price-wage spiral gives us a long-run Phillips curve trade-off that is
steeper than the short run. J

VALIDATION OF INFLATION

In tgrms of our aggregate supply and demand curves, the pricg-wagc spiral
is a continuing upward shift of the supply curve, once the initial cost-push

W /

Long-run curve of
equation (8)

Short-run curves

u
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Figure 187
Price-wage spiral

or demand-pull impulse has passed through the system. Regardless of the
source of the inflation, whether demand-pull or cost-push, the price-wage
spiral shifts the supply curve of Figure 18-7 up further. In the absence of 2
shift in the demand curve (beyond any initial d d-pull impulse), this *
will tend to reduce output and employment, and raise the unemployment 4
rate. In the example of Figure 18-6, if monetary or fiscal policy shifted the £
aggregate demand curve enough to move from point A to point B initially,
the price-wage spiral would shift the aggregate supply curve up as ¥ moves
toward point C. But unless further demand stimulus is provided, the supply
shift will raise the unemployment rate, u, moving the economy not directly
up from B to C, but rather out from B to some point on the long-run
Phillips curve between A and C.

If the government wanted to hold the unemployment rate at &, as W
and P nse from point B toward point C n Figure 18-6, it would have to
stimulate demand more than the original boost that took the economy from
A 1o B. As the price-wage spiral shifts the supply curve of Figure 18-7 up,
the government would have to shift the demand curve up by equal amounts
to hold output and employment constant at the desired §glevel A demand
policy that does this is called 1alidation of the inflafion”

Given the inittal demand-pull or cost-push stumulus, and its effect on
output and employment (positive or negative), a validation policy eliminates
the effect of the subsequent price-wage spiral on output and employment.
I the initial impulse came from a policy decision to reduce the unemploy-
ment rate by expansionary monetary or fiscal policy, validation simply
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_-means s_tlckmg by the new unemployment target. If the policy decision was
made with the knowledge that the economy would eventually move up along
the long-run Phillips curve (from 4 to C in Figure 18-6).'rathcr than the
short-run curve (from 4 to B), the validation would make sense.

If the initial impulse were a cost-push from reduced energy supply, for
example, validation would eliminate the subsequent effects of the price-wage
§p1ral further reducing output. In the 1973-1975 period, the Administration
in the U.S. chose not to validate. resulting in a fairly severe recession with
unemployment rising to about 9 percent.

Once the initial inflationary stimulus has appeared, the choice butween
validating or not validating the subsequent price-wage spiral is essentially
a choice of a preferred point on the long-run Phillips curve, Validation
results-in-a-lower unemplovment rate and higher rate of inflation, in_the.

]Wo]icy of no validation.,
Inflation Since the Mid-1960s

The period 1965-1977 in the U.S. can be separated into two distinct infla-
tion cycles, with 1977 at the end of the second. The first cycle was a classic
case of a demand-pull inflation, touched off by the jump in defense spending
in early 1966. This cycle moved into the price-wage spiral phase around
1968, and was already coming to an end in 1971 when the Administration
resorted to price and wage controls.

The second cycle combined demand-pull and cost-push impulses. There
was a rapid expansion of demand world-wide in 1972~1973. This was caused
mainly by expansionary policy in the major countries, magnified by inter-
national trade multiplier effects. Meanwhile a shortfall in world agriculturai
output in 1972 provided a cost-push element. On top of this came the
reduction of oil output by OPEC and the subsequent increase in encrgy
prices beginning early in 1974, By the end of 1975, the Administration’s
policy of no (or even negative) validation had reduced demand enough that
the rate of inflation slowed substantially. In 1976 a cautious cxpansion
began again, with aggregate demand policy acruing at a gradual reduction
of the unemployment rate without an increase in the rate of inflation, By
mid-1977, the unemployment rate was down from the 1975 peak of 9.0 per-
cent to under 7 percent, and the rate of inflation was about 6 percent.

Thus, while the period 1965-1977 may appear to the casual observer as
one continuous inflation, there were separate cycles with different causes
during the period. Before we look at these more closely. we should sec what
was happening to the Phillips curve during the period.

THE SHIFTING PHILLIPS CURVE

Since the mid-1960s the long-run U.S. Phillips curve has shifted up for two
reasons, according .to the research of Robert Gordon and George Ferry.
The first is the changing composition of the labor force toward sccondar;»_'
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workers. The second is an increase in \vorkgw%m
inm:%wm

““The fabor force can be separated into primary and secondary workers,
Primary workers are usually defined as the first, or major wage-earnering *
family unit; other wage-earners are defined as secondary labor force partici-
pants. Given the working habits of American families, primary workers are#
generally males over age 20; females and persons under age 20 are usually
se};ondary participants .

rkers tend to be more skilled, more committed to the labor

force, and earn*higher wages than secondary workers—tnemployment rates
are hagher among secondary workers In 1973, when the overall unemploy.
ment rate was 49 percent, it was 3.2 percent for men over age 20,48 per-
cent for women over age 20, and 14 5 percent for persons 16-19 years of
age. primary workers are more commutted to the labor force, a given
amotnt or unemployment among primary workers, say 100 thousand
persons, 1s likely to put more downward pressure on the wage rate than the
same amount of unemployment among secondary workers. So a shift in
the composition of the labor force that increases the number of secondary
workers relative to primary workers will tend to raise the rate of wage
crease associated with any given level of unemployment. A shift in com-
position toward secondary workers shifts up the f(u) funglion in equation (1)
and the Phillips curve of Figure 18-8,

Since the mid-1960s the composition of the U S. labor force has shifted
toward secondary workers In 1965, secondary workers were 23 percent of
the labor force Ths fraction rose to 27 percent by 1974. Two factors ac-/
coupt for this shift. First, the ratio of population aged 16-19 years 15 The!
13Tl populatio e from 69 percent in 1965 to 7.8 percent in 1974 This
mncreased the weight of young people in the labor force. Second, the labor
force particspanion rate of women {the rato of women in the labor force 10
total female population aged 16 and up) rose from 39.3 percent in 1965 to
57.3 percent tn 1976, Thus mcreased the werght of women in the labor force.

The combination of these two factors shifted the Phillips curve up by
more than 1 percentage pont on the rate of mfation, according to Perry's
estimates In Figure 18-8 we show Perry's original estimate of the Phillips
curve and his revised curve allowing for the change in labor force compos-
tion The bottom curve 1s Perry’s estimate of the curve in the mid-1950s.
The center curve 1s his 1970 estimate, with the change in labor force com-
position. At a 5 percent unemployment rate, the change in composition
rases the long-run rate of inflation-Hrom about 1.5 percent to 3.0 percent

The second factor shifting the Philhps curve up 1s increasing sensitivity
of wage demands to nflation, the a parameter of equation (1) Perry's est-
mate of this parameter was a httle under 04; for a 1 percent increase in the
price level, wages rose 0.4 percent directly through the wage equation. This
is the value of 2 1n the bottom and middle Phillips curves of Figure 18-8%

As the rate of nflation ncreases, we would expect wage demands 5%
become more sensitive to price changes, as more workers try to take ac- '
count of inflation n setting nommnal wages. Thus, we would expect x to
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Figure 18-8

The shifting Phillips curve
{SOURCES: G. L. Perry,
“Changing Labor Markets
and Inflation,” Brookings
Papers on Economic
Activity, vol. 3, 1970; and
R. J. Gordon, “Wage-Price
Controls and the Shifting
Phillips Curve," Brookings
Papers on Economic
Activily, vol. 2, 1972).
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rise in inflationary periods. Gordon’s results confirm this expectation. In his
Phillips curve regression equations, the estimated value of « has risen
through time since the mid-1960s; currently, an estimate of about 0.6 seems
best. The long-run Phillips curves of equations (7) and (8) has the factor
1/(1 — ) in it. An increase in « from 0.4 to 0.6 raises this multiplicative
factor from 1.7 to 2.5. This increase in « shifts the long-run Phillips curve up
to the top curve in Figure 18-8. At 5 percent unemployment, the mid-1970s
Phillips curve gives us a 5 percent rate of inflation.

The upward shift of the Phillips curve lies beneath the two inflation
cycles since 1965. If the estimates of Gordon and Perry are correct there
has been an underlying trend toward a higher long-run inflation rate for
any given unemployment rate. At 5 percent unemployment, the long-run
inflation rate rose from about 1.5 percent to the neighborhood of 5 percent
during the decade 1965-1975.

THE 1965-1971 INFLATION CYCLE

The first of the two inflation cycles began in 1966 when Federal purchases
for defense spending jumped by $10 billion. At the end of 1965 thq unem-
ploymént rate was 4 percent. The rate of inflation, measured by the implicit
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deflator for GNP, was about 2 percent. Then, on top of a fully employed,
essentially noninflationary economy, defense spending rose from S52.5 by,
lion (annual rate) in the fourth quarter of 1965 to 565 5 billion in the founy
quarter of 1966, as the war in Vietnam was escalated. This stimulus, m the +
absence of a tax increase or substantial monetary restraint, quickly ac-
celerated the rate of inflation. Year over year, the GNP deflator rose 1 § p:r»}
cent 1n 1965 over 1964; it increased by 2.9 percent in 1967 over 1966, ang
by the Jast quarter of 1967 it was rising faster than 4 percent annual rare,
Defense spending continued to rise in 1967 and 1968, reaching $80 bil-
lion at the end of 1968, an increase of more than 50 percent in three years,
The output increase mduced by the jump m defense spending tighteneq
capacity utilization 1n the economy, stimulating a minor investment boom,
which added further to demand. By the end of 1969, the GNP deflator was
nising faster than 6 percent annual rate. This was about the end of the
demand-pull phase of the cycle, with the price-wage spiral pushing up prices
aganst an aggregate demand curve that was more-or-less stationary.
The new Admimstration, in early 1969, put the brakes on the economy,
refusing to valhdate any further inflation Federal purchases flattened out in
1969 and fell in 1970, shifting the IS curve left. The Federal Reserve’s open
marhet committee shifted to a very tight monetary policy in 1969, with the
money stock (M) actually shrinking a bit over the year. The unemployment
rate reacted with ts usual lag of a half year or 5o, moving from 3.5 pereent

. ~in December 1969 to 6.0 percent in December, 1970.

The 19691970 recesston resulted from the Administration's decision to
slow the inflation which had passed over to the phase of the price-wage
spral The policy did eventually succeed in reducing the rate of inflation. |
Year over year, the GNP deflator rose 4 6 percent from 1970 to 1971, after
a peak rate of mflation higher than 6 percent. In the third quarter of 1971,
when the Admimstration pantched and established wage and price controls,
the mflation rate was actually down to 2.5 percent, annual rate.

DEMAND-PULL AND COST-PUSH. 1972-1976 .

While the 1965-1971 cycle stemmed almost completely from excessive
demand due to Vietnam War spendmg, the cycle beginning in 1972 had
sources on voin the demand-pull and cost-pusii sides. During 1972190,
total demand grew unusually fast in the major industrial countries, as many
of them moved out of shallow recessions around 1970. The average annual
rate of growth of total real demand in the seven biggest OECD countries—
Canada, US., Japan, France, Germany, Italy, the U.K.—was 4 8 percent
from 1960 to 1971. In 1972 total demand in these countries grew by 5.8 per-
cent, and in 1973 it grew by 6 8 percent. This demand growth pressed world
and US. capacity 10 the limit, as was indicated by the 95 percent utilizatior
rate as measured on the Wharton Economic Forecasting Associates inde
in late 1973. A concerted boom of this magnitude was bound to pull prices
up fairly rapidly, even without shifts on the cost side.
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The two major shifts on the supply side in 1972~1973 were in agri-
cultural products and in fuel. The fuel situation is well-known. The pricE of
oil was rising throughout the period as the OPEC countries increased their
exploitation of latent monopoly power. In late 1973 and carly 1974, the

- OPEC countries engineered a jump in the price of oil by sharply reducing
thelr‘tc_ngl output. Viewed as an economic event. the oil price fump from
the vicinity of $3-4 per barrel to $9-11 was a shift in monopoly power that
probably wxll_not be repeated. Once this jump works itself ‘through the
price-wage spiral. it will leave the U.S. price level higher. but it will not
have a continuing effect on the rate of inflation.

'Ijhc food situation is a bit more complicated. Estimates of annual pro-
ductlor_l and consumption of total wheat and coarse grains, along with
beginning-of-the-year stocks since 1968. are shown in Table 18-1. The ratio
of stocks to the following year’s consumption in 1968-1970 was a bit below
the average for the 1960s, but not much. But consumption in excess of
production in 1969 and 1970 drew stocks down from the 19-20 percent
level to the 14~15 percent level. The small buildup in 1971 left stocks at the
beginning of 1972 at 15.8 percent of the following vear's consumption. well
below the experience of the 1960s.

Table 18-1
Production, Consumption, and Stocks of Grain {millions of metric tons)

BEGINNING STOCK

Production Consumption
Year (tons) {tons) Tons Percent of consumption
1968 814 787 149 18.9
1989 818 832 176 21.2
1970 817 852 161 18.8
1971 802 886 128 14.5
1972 880 923 145 158
1973 o654 853 101 10.6

SOURCE: D, E. Hathaway, BPEA 1.1974.

The biggest drop in world grain production since 1960 camc in 1972,
and it came at a point where stocks were already low. The combination of
the shortfall in annual production below consumption (itself spurred by the
world demand boom) and the low level of preexisting stocks resulted in
the explosion of food prices that raised the retail food component of the
CPI by 14.5 percent and the food component of the WPI by 20.3 percent in
1973 over 1972. This accounted for an estimated 3.7 percentage point
increase in the overall CP1. ~

These cost-push shifts in food and fucl, working through the cost struc-
ture of the economy before any wage feedback occurred, account for an
estimated 45 percent of the 1973 CPI increase. according to the estimates
of Joel Popkin. Thus, the recent cycle of inflation might be divided about
50:50 between demand-shift and cost-push origins.
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Again in 1974, the Administration acted to reduce aggregate demand to
slow down the rate of inflation. Year over year, the GNP deflator rose
5.6 percent in 1973 over 1972, and 10.3 percent in 1974 as the price-wage
spural passed along the effects of the oil price increase. To slow down the
rate of inflation, the Administration tightened fiscal policy. In real terms
(1958 dollars) Federal purchases fell from a plateau of about $61 bilfion in
1971-1972 to $57 buttion in 1973 and $56 billion in 1974. With a 10 percent
rate of inflation, nommnal Federal purchases went up, but the drop in real g
shufted the IS curve left. The Federal Reserve also pursued a tight money
policy in 19731974 Wth inflation reaching 10 percent, the nominal money
stock grew only 4.7 percent from December 1973 to December, 1974. This
reduction of the real money stock was a leftward shilt of the LM curve.
As a result, interest rates reached record highs in late 1974.

The result of the anti-vahidation policy was the deepest recession in the
U.S. since the 1930s. Real GNP fell from the first quarter of 1974 to the
mddle of 1975, with the unemployment rate rising to over 9 percent. The re-
sult of this policy for the rate of inflation became apparent in mid-1975,
with the rate of mncrease of the GNP deflator falling to around 5 percent.
The stage was set by late 1975 for another demand expansion, hopefully
gradual enough to avoid another round of demand-pull inflation.

SUMMARY

The pertod since 1965 has seen two cycles of mflation in the U.S. The first
was a classic demand-pull, which was spread through the price-wage spiral

bl

until the Admimistration hit the monetary and fiscal policy brakes in 1969,

The second combined demand-pull and cost-push impulses, and was slowed
by another policy-induced recession in 1974-1975. These two inflation
cycles were superimpaosed on an underlying Phillips curve that was shifting
up through the period, converting a steady state tradeoff of § percent un-
employment with a 1.5 percent rate of inflation to a 5 percent unemploy-
ment-5 percent inflation pair, as shown in Figure 18-8.

The two inflation cycles, and the shifting Phillips curve, are easily under-
stood 1n the macro framework developed in Part II. As long as we recog-
nize that inllationary impulses can come from the supply-side, as well as
from shifts in aggregate demand. we can see that rising inflation can ac-
company rising or falling unemployment. But while it is not too difficult
to understand the causes of inflation, it is not easy to prescribe policy to
deal with it

Antiinflation Policy

{ Demand-pull inflation generally tends to be accompanied by increased
output and d cased ployment as ive demand pulls prices up.
Cost-push inflation, on the other hand, tends to reduce output and raise

o~
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unemployment by increasing costs against stagnant demand. Since most
inflation cycles include both demand-pull and cost-push phases, there is no
reason to expect inflation, in general, to be associated with risine unemploy-
mex}ctj/ln fact, if the government is following a validating {u‘.!-gmplovmcﬁi
policy even approximately. the employment effects of a severe cost:push.
such as we have seen in the U.S. since 1972, would be largely offset by
expansionary demand policy. ) )

If inflation does not tend, by itself, to increase unemployment, then its
eﬁ'ects‘ are mainly distributional. Real income is shifted from people with
ﬁxed_ incomes to those whose wages rise. and from savers to debtors if
nominal interest rates do not adjust fully. And employment shifts between
industries as business investment booms and housing construction stag-
nates. These distributional effects within a given level of output, employment,
and national income are the real economic effects of inflation. )

Complete elimination of inflation in the U.S. in general is neither pos-
sible nor desirable. The prices of many commodities are heavily influcnced
by world market supply and demand factors which are outside U.S. control.
Much of the food and fuel price increases of 1972-1974 came from world
market conditions, not from events originating in the U.S. In addition,
inflation stemming from unexpected supply shifts inside the U.S.. such as
occasioned by the weather in 1974, is unavoidable. Thus, éomplctg climing-
tion-ofinflation is not feasible. But it also is not desirable~Price-changes

are the market signals that makKe the economy-functien-Elimination-ofprice
movements would-result-in Increasing misallacation of resources that would_

drastically reduce economic effici .

ince some inflation, from time to time, is inevitable, inflation policy
should have two goals: (1) minimizing the impulses to inflation from do-
mestic sources, especially demand management Tnistakes. and (2) minimizing
the damage done by whatever minimal rate of inflation is incvitable] for
* example, by reducing the redistributive cffects discussed carlier. Policies
aimed at these two goals can be conveniently discussed under two headings:
general or macro policies that apply across the whole economy. and specific
or micro policies that are aimed at particular sectors.

GENERAL POLICIES

In addition to avoiding policy-induced excess dcmand.(:conomy-widc policy
Jmegsures include freeing financial markets and MaxIMIZIng COpelit—=="
Inditect distribution effects of inflation on savers and debtors and on The
housing sector work through the financial markets. In the absence of regu-
latory devices such as ceilings on deposit intcrest rates and mortgate rates.

and of rigidities such as the absence of a good secondary market in morl-
gages, nominal interest rates would rise uniformly in an inflationary period

to clear financial markets and keep real rates at their normal levels. But
with these regulatory ceilings and rigiditics, deposit rates and morigagc
rates cannot rise to clear the market, with three results: (1) the supply of
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funds for housebuilding shrinks, (2) small savers lose, and (3) excess invest-
ment demand over the supply of saving is maintained;. continuing the
inflation.

Ceilieis on deposit rates that savings institutions can pay tend to direct
the flow of saving away from these institutions as nominal market rates
rise i an mflation. This reduces the flow of saving through the institutions
to buildings and house buyers. The supply of funds is redirected to business
and the federal government, who are paying the higher market rates. This
mechanism shifts the distribution of real output and jobs away from housing
to the other industries that borrow in the open market.

One reaction to this potential drain on savings institutions as rates rise
is a mayor lobbying effort to lock small savers into deposits at these in-
stitutions, This 1s done by making minimum purchases on reasonably liquid
alternatives such as Treasury bills sufﬁmem\y large so that they are beyond
possibility for the small saver in the savmg and loan assocxatlonTor ex-
ample, in 1969 the Administration d the Tunit for pufch
of new 1ssues of Treasury bills from $1000 to $10,000 exphculy to lock
small savers into savings institutions. Thus the net result of regulation and”
the industry’s reaction to it is a substantial distributional burden on house-
building and small savers. For example, with the rate of inflation at about
10 percent, mortgate rates at 8-9 percent, and deposit rates at 6 percent, in.
1974 housing starts fell from an annual rate of 2.5 million units in 1972
to 1.5 million in mid-1974, and savers saw the value of their savings in

purchasing power shrink at a rate of 4 percent a year,

¢ are two basic policy measures that would free ial markets
to adjust to inflation, and by reducing défiiand pressure, reduce the rate o
nfiation

i

1. Savmgs msmuﬂons should be allowed to make “variable-rate mortgages,
so that their income would move with market‘rates.

2. Ceilings on deposit rates would be unnecessary with variable mortgage
rates, and could be removed.

These twao steps would: (1) permit the housing sector to compete effectively
for funds, (2) provide small savers reasonable real rates of interest, and
(3} reduce demand in an infl y spiral. In addition, to inswe
that small savers obtain competitive rates and to provide an investment
instrument for private pensioy funds, the government should issue two
securities indexed to the CPL
A long-run reduction in the s infl dencies could be
o a pencra Mm Onopoly pow?r"ﬂns ‘could come
through anti-irust actrons that eliminate'the abitty of Individual companies
to set market price§ for example, in autos and steel\Also a good look
should be taken at e mﬂauonary effect of monopoly power induced by
federal regul For intracity transportation rates
would probably be reduoed] t ially by free jon among carriers.
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SBECIEIC POLICIES

l]n addition to general measures that reduce inflationary tendencies through-
out the economy, there are industry-specific measurcs that can be used
temporarily to reduce inflation coming from identifiable sources. These
include investment credits in industries with capital bottlenecks, export or
dxrﬁ price controls, and food buffer stocks. §

~ {While economy-wide credits would have no effect on inflation, temporary
credits to stimulate capital formation in bottlencck industries might be usc-
ful. [These would have concentrated supply effects, but the demand effects
from the investment stimulus would be diffused across the entire economy.
Before _such credits are proposed, a clear argument showing that the in-
giustry in question is at a competitive disadvantage in the capnul markets
is needed. This should be a condition for even considering the policy. If
this condition is met, tax credits could be considered that are (1) explicitly
temporary, and (2) apply only to additional investment over the normal
trend level. For example, if investment is rising on average 10 percent
across the economy, credits to the industry in question might apply to in-
vestment in excess of 110 percent of last year's investment. There is no
point in giving credits on investment that would be undertaken in their

absence

/fl‘ emporary export controls can be effective in holding down domestic
prices when ihiere s a drop in"domesticsupply of goods which (1) are both
exported and consumed at home, arid (2) have domestic demand which is
relatively insensitive to price changes_JA good example is food. When total
output shrinks, export controls can maintain the domestic supply at its
previous level, shifting the burden to the world market. There are four rca-

~ sons why these measures should be used infrequently. (1) Export controls

-are a clear attempt to shift the burden of a domestic shock onto the rest of
the world. If all countries were to act similarly, no one would gain. (2} By
reducing the domestic price, export controls reduce the income of the sellers
of the controlied commodity, clearly shifting the distribution of income away
from them. In addition to the question of whether this is good policy, we
should ask what action the sellers will take in the face of this shift. (3) By
reducing spending on the controled good, export controls will increase
spending on other goods. This will pull up their prices, resulting in an
increase on the non-export-controlled CPI items. (4) Controls. once installed,

¢ hard to remove.

X;,mc_g/t-—p:icc controls on specific items give much-the-same Xkind of

lomestic_results as exportcontrolsy THEY $hift income away from sellers in
the controled sector and increascexpenditures on noncontroled items. Price
controls may be justified as a temporary measure taken while a pccdcd
structural change is being made in an industryf For cxamp{c, if it were
decided to open the health industry to new forms of competition, controls
might be part of a policy for the transitional period, after which controls
could be eliminated. One condition for imposition of sector-specific price



414

MEDIUM-TERM DYNAMICS: BETWEEN STATIC EQUILIBRIUM AND LONG-RUN GROWTH

controls should be that they are included in a plan to attack the underlying
structural problem n the industry that makes the controls necessary, Tte
plan should include provisions for elimination of the controls Under this
condition, the health and construction industries might be good candidates
for controls in the mid-1970s.

As discussed eatlier, one factor contributing to the explosion in food
prices in 1973 was the low level of world stocks. It appears that when stocks
fall much below 15 percent of a year’s consumption, speculation in com.
modities pushes prices up by discontinuous jumps. One objective of US,
or worldf{food policy should be to maintain buffer stocks large enough to
discourage such potentially destabilizing speculation. The precise size of
such stocks, and their procurement and management, are topics that require}y
substantial technical input before a specific program could be formulated.
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Inireduction to
Stock-Aujustment Dynamics

The short-run equilibrium of Parts I-1IT determined values for the key
variables y, N, r, and P for given values of the money stock M, the level of
government purchases g, and the tax s¢hedule t(y). In Part 111 we introduced
wealth into the demand functions for consumption and (implicitly) money.
The Tobin model of demand for money as a riskless asset in Chapter 12
showed how wealth is allocated between bonds and money as a function of
the interest rate and the riskiness of bonds. If we integrate wealth into the
consumption and money demand functions, then we see that the short-run
equilibrium of Chapter 14 implicitly holds constant the other asset stocks
that are counted as wealth, K and B. So the short-run equilibrium of Parts
I-1ITI gives equilibrium values for y, N, r, and P, taking as given the values of
the various asset stocks in the economy.

» While asset stocks are given, inherited from history, at any point in time,
they are also changing at each point in time. In the short-run equilibrium we
determine a value for investment; this gradually moves the capital stock. We
also determine a value for the government budget surplus or deficit. As we
saw in Chapter 14, financing the surplus or deficit means the money stock or
the government debt is gradually changing. In an open economy, the balance
of payments surplus or deficit also changes the moncy stock in the absence of
sterilization, as we saw in Chapter 15.

Thus, implicit in the short-run equilibrium solution of Parts I-11I are
values for the rates of change of the stocks that were taken as given in the
analysis of the short-run equilibrium. Movement of these stocks through
time moves the short-run equilibrium y. N, r, and P over time; the supply and
demand curves, IS, and LA move gradually as stocks accumulate. In a stable

P
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economy, movements in these stocks are taking the economy toward 4
balanced growth path, where all asset stocks grow at the same rate.

In Chapter 20, we will describe the short-run equilibrium as it moves along
such 2 balanced growth path. Then i Part V on growth models, we will look
at the convergence of the economy towards a balanced growth path, as.
suming that the monetary and fiscal policy maintain full employment. Here
m Chapter 19, we study a few simple examples of how asset stock accumula-
tion moves the short-run equlibrium toward a long-run stock equiltbrivm,
corresponding to the balanced growth path of Chapter 20. We only look at
some smmple cases, rather than a full-blown differential equation model,
because (a) the latter would be too complex to be readily understandable;
simple cases highlight the important channels of adjustment, and (b} the
professional Iiterature 1s just beginning to develop these models of stock
adjustment Thus, the simple cases will give us an intuitive “feel” for how the
economy moves through time, and take us near the frontier of research in
the field
- In the first section we will study the effects of finance of the government
deficit by printing money (selling bonds to the Fed, or “monetizing” the
deficit) in a simple case with no wealth effects. This will give us a good look at
the basic adjustment mechanism involved in moving the short-run equilib-
num Then we ntroduce wealth eflects into the system, moving from the
skeletal model of Chapter 9 to the extended model of Chapter 14. This
permits us to study the effects of bond finance of the budget deficit and the
phenomenon known as “crowding out™ in the recent macroeconomic fitera-
ture. In the fourth sectioh we Took again at balance-of-payments effects on
the money stock, from Chapter 15, as analogous to money-finance of the
budget deficit, and we end with a general schematic picture of the stock
adjustment mechanism.

Money Finance of the Budget Deficit

In the skeletal model of Part I1, we determined short-run equilibrium values
for the key varables y, N, r, and P, holding constant the money stock M,
government purchases g, and the tax schedule 1{y). The short-run equilib-
rium value for y determined a level of tax revenue t(y), and together withg
this gave a budget surplus or defiait in real terms,

d=g—1(3) n

To begin our analysis of stock-adjustment dynamics, suppose the govern-
ment finances the budget deficit or surplus by printing or destroying money,
M. In Chapter 14 we described the mechanics of this operation; the Treasury
sells its bonds to the Fed. and the balances created become reserves. In order
to avoid unnecessary comphcations, we will assume here that the required
Teseryve ratio 1s unity, so reserves are the money stock, and vice versa.



TRODUCTION TO STOCK-ADJUSTMENT DYNAMICS 417
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[-) )
‘igure 19-1
hort-run equilibrium. .

SHORT-RUN EQUILIBRIUM

"In the short-run IS-LM equilibrium of Part 11, the level of income y is

determined by the values of M and g, given supply-side conditions and the
tax schedule. Since the story in this chapter is about demand-side adjustment
as stocks change, we will take supply-side conditions as given, and even
summarize them in a constant price level. Since we have already shown how
to calculate equivalent changes in the tax schedule and in government

. purchases (dg = c'ydt from Chapter 5), we will hold the tax schedule constant

and look at the effects of changes in g. With these assumptions. the short-run
equilibrium level of income is just a function of M and g,

y=¥M,q). (2)

The value of M positions the LM curve, and g positions the IS curve in
Figure 19-1. The equilibrium value of y (and r) results.

The partial derivatives of the reduced-form equation (2) for y arc the
familiar multipliers of Chapter 5. They are the effects on y of changes in M
and g respectively, holding the other variable constant (as well as the price
level and the tax schedule). Thus, the partial derivatives of (2) are given by

dy 1 .
8g 1-c(1 —z')+ﬂ>0’
I'
: or 3
oy ! > 0.

M 1-cdi-D+ik P
I’
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Figure 19-2

Maney stock adjustment.

These are the multipliers of Chapter 5; they give the effect on equilibrium ¥
in Figure 19-1 of a change in A or g. They will be important in the dynami
analysis below.

The short-run equilibrium in Figure 19-1 is, technically speaking, an
instantaneous equilibrium. It is conditional on a given value of the money,
stock M, but as we will see shortly, it also determines a rate of change of tha”
money stock. So the instantaneous equilibrium is also a moving equilibrium,
as the money stock changes the LM curve shifts, moving the short-ruy
equilibrium ro, y, point. We want to ask, is this dynamic process stable, ang
what are the properties of the equihbrium to which it leads, if it is stablet

ADJUSTMENT OF THE MONEY STOCK

Suppose the short-run equilibrium r, yo of Figure 19-1 results ina budget
deficit, g — t(y) > 0, which is financed by money creation; the Treasury sells
bonds to the Fed. In this case, at the initial equilibrium ry, y, based onan
initial vatue of the money stock M,, the money stock is growing. This is
shifting the LM curve of Figure !9-1 out, raising y. Where-is the process
likely to end? In Figure 19-2 we show the y* value where the budget is bal-
anced. At y*, g — t{y*) = 0. With a given g and tax schedule, when y <,
t(y) < t{y*), and g ~ £(y) > O; there is a budget deficit, and M is growing.
When y > y* there 15 a surplus, and M is contracting.

At the minal equilibrium ro, y, in Figure 19-2, y, is smaller than the y*
that would balance the budget. So at r,, y, there is a budget deficit and the,
money stock is increasing, shifting the LM curve out from LyM,, As the LA
curve shifts, y increases; this raises tax revenue #(y) and reduces the size of

1 M,
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/
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the budget deﬁci.tt This movement continues until the LA curve reaches .
LM, where equilibrium y = y*, and the budget is balanced; g — ((y*) = 0.
When the short-run equilibrium has reached y*, with the budget balanced the
money §toc}< is no longer changing. Thus, the point r*,y* is a full stock
equilibrium in this simple model. Since the budget surplus moves the money
stock, w_h.wh_ in turn moves the short-run equilibrium, when we get to a short-
run equilibrium where the budget is balanced, there is no further tendency
for the money stock to change. This particular short-run equilibrium is also
a long-run equilibrium, in the sense that the stocks in the system, only M
in this simple model, are in equilibrium.
If the initial ISLM equilibrium had been to the right of y** in Figure 19-2.
there would have been a budget surplus at that starting point. In that case
) the Treasury would be retiring debt from the Fed, reducing reserves and
, shrinking the money stock. This would shift the LM curve left, reducing y
' towards y*, where the system would again be in full stock equilibrium. Thus,
the initial budget deficit or surplus, by moving the money stock, tends to
move the economy toward a position where, the budget is balanced. The
economy is in short-run equilibrium at each point in time; it is only when the
underlying asset stocks are at rest, however, that the economy is in a full
stock equilibrium.

STABILITY OF STOCK ADJUSTMENT

The discussion of adjustment above should have shown the reader that the
adjustment process is stable in this simple model. Consider the stock equi-~ .
librium value of y, i.e., y* in Figure 19-2. If the initial, historically given
money stock is small enough that y, < y*, the budget will be in deficit and the
money stock will increase. If the initial value of M is large enough that yo >
y*, the budget will be in surplus and the money stock will shrink. Thus,
through budget dynamics, a small money stock grows and a large money
stock shrinks, both toward the M* value where y = y*, given g, ¢, the price
level, and the supply-side parameters.

We can analyze the stability of this adjustment process a bit more
carefully by writing out the dynamics explicitly. The budget deficit is the
time rate of change of the money stock:

-‘%’— =DM =P -[g— t(y)] 4)

Here we introduce the notation that the time rate of change of a variable is

- denoted by D: dX/dt = DX. The rate of change of the money stock is given
by the price level times the real value of the deficit in (4). When 3 = y* so
that g — t(y*) = 0, DM = 0. From equation (2) above, in the reduced form
of the short-run system y = y(M, g), and from (3), dy/CM > 0. Thus we can

rewrite (4) as
. DM =P {g— [ }M.9)]} 5)
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Figure 193

Stability of adjustment.

Given P,g, and the tax function, equation (5) shows the rate of change of
M, DM, as a function of M itself. If {DM)/eM < 0, this system is stable; .
M) 2y -
ar - < ©
Stability of the adjustment process can also be scen in the phase diagram
of Figure 19-3, which rep the ion (5). At M = Are,
the budgel is balanced {again given g and the tax function ). Where M < A,
y < y* in Figure 19-2, and the budget is in deficit with DM > 0. When M >
M?*, DM < 0. If we begin with the value of M, < M* in Figure 19-3, the
budget deficit increases M along the phase line. The increase in y shrinks
the deficit; so M grows at a decreasing rate toward M*, where DM = 0.1fwe
begin with M > M*, M would shrink at a decreasing rate toward M*, Thus
the stock adjustment mechanics of the system, working through the budget
deficit or surplus, are stable.

z

The clear-cut stability of lhxs modcl depends partially on the simplifying
ption that P1s the adj process. From the

discussion of supply-side relatlonshlps in Chapter 6, we know that P gen-
rally increases with y, given the supply-side parameters. If P increases fast
enough, we can see from {5) that adjustment could become unstable, If we
bCBln with Mg < M*, the budget deficit would increase M. This would
raise y, which would reduce the rea! value of the deficit, g — ¢(y) But it
would also increase P along the supply curve, which would tend to increase
the nominal deficit P - [g - r( »} ll' P rose fasl enough, the nominal dcﬁcﬂz
which is DM, could g as M i making adj
unstable,
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If we include adjustment of P in (5). we have

DM = P{y(M, g)] - {g — ([ (M. g1]l. (]
Then the shape of the phase linc is given by

&(DM) &y &y
- =P -t 1|4 - i S
M ( ’ c'TM) At (EM)

which simplifies to

¢(DM) ¢y

‘M M

Ifwe begin with M < M*, so that (g — 1) > 0, then the slope of the phase line

is indeterminate; the effect through y. — Pt’ is negative, but the price cffect

P'(g — 1) is positive. The system is stable with a growing money stock only

if the price movement is slow compared to the adjustment in rcal income y.

This is a basic assumption in the Keynesian tradition. Monetarists would
question it.

On the other side of M*, with a budget surplus so that (g — t) < 0, the
system is stable. Both falling y and falling P shrink the nominal surplus,
reducing DM. Thus with sluggish price adjustment, the money-finance
system in this simple model is stable. Rapid price adjustment might render it
unstable when initial conditions give a budget deficit.

[Plg—10 - Pr] )

EFFECTS OF FISCAL POLICY

The fiscal policy multiplier éy/dg of equation (3) assumed no change in the
money stock. It is the short-run muitiplier of Part II. Now we sce that if the
system began from a full stock equilibrium with y = y* in Figure 19-2. an
increase in g would most likely lead to an initial budget deficit. This would
yield a subsequent increase in the money stock and a further expansion of y.
The multiplier between stock equilibria y* where g — t{3*) = 0 is easy to
derive. From

g—1*)=0 9
we have
dg—1tdy*=0
and :
d)'* 1
=2 (10)
dg ¢

Between stock equilibria, an increase in g induces a moncy stock change that
continues until budget balance is restored. That is, y must int_:rcasc until
t dy = dg. Thus (10) is the multiplier including endogenous adjustment of
the money stock.

We can calculate the effect of an increase in g on the money stock by
expanding (9) to the stock equlibrium condition

g—t[¥M.g)]=0. un
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The total differential of this equilibrium condition is
oy &y

dg— 1 ygdM ~ ¥ < dg = 0.
Ths gives us, for dM/dg: R
1-r2
dM %9
Fa v o )
aM

1f '(Gy/2g) < 1, this 15 positive. How should we interpret this condition? If
r(0y/ég) < 1, the increase in g results in 2 budget deficit in the short-ru
equilibrium. The expression ¢ (a)lﬁg) is sxmply the short-run increase in tax
revenue resulting from the & ny g upon the increase in g,
holding M constant. Thus, in the non:nal circumstance in which an increass
in g, from an initial position of budget balance, leads to a budget deficit, M
nises, giving a further increase in y. This case is illustrated in Figure 194

There the increase in g raises y* from y3 10 33, with the increase given
by the fiscal policy multiplier (10). In the short-run equilibrium, income
rises from y§ to y,, with the increase given by the short-run muitiptier
6)'/Eg of {3). This leaves a budget deficit at point 1; so the money stock
increases and the LM curve shifis out until the full stock equilibrium i
reached at point 2, where 3 = 3. The increase in the money stock is given
by the mul ', of {12), including the ption of Figure 194
that y; < y% mmplies dM/dg >0

Figure 194
Effectof increase in g
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” Figure 19-5°
Initial equilibrium in

bond-finance case.

_ InChapter 14 we saw that under some very special conditions an increase
in gl_c_oul.d lead toa budg_et surplus in the short-run. In that casec the short-run
equilibrium point 1 in Figure 19-4 would be to the right of +2, and the money

-stock would decrease in the movement to equilibrium. This casc would

imply 1(Cy/cg) > 1, and dM/dg < 0 in equation (12).

This initial look at the stock-adjustment mechanism in the simplest case
uncovers one channel of dynamic adjustment from the short-run equilibrium
toward a stock equilibrium, which is the balanced growth path of Part V.
It is instructive because it shows the longer-run dynamic implications of
short-run stabilization policy. Even in this simplest mode] the possibility
of instability (and runaway inflation) appear. Thus, even at this early stage
there is a message of caution for policy: look to the implicit dynamics
created by the effects of short-run policy. We now go on to complicatc the
story.

:;Introduction of Wealth Effects

In the simple model we have been using to analyze the stock-adjustment
dynamics of a money-financed budget imbalance, there were no assct or
wealth effects in the demand functions of the system. The money-finance
model was the skeletal model of Chapter 9, in which the only source of
dynamic adjustment was through the money supply. The restriction placed
on the use of this model by the absence of wealth effects can be seen if one
tries to use it to analyze the case of a bond-financed deficit. Suppose the
economy is in an initial equilibrium position such as ry, o of Figure 19-5,
with y, < y* so the budget is in deficit. We saw above that if the deficit 15

r

ot
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money-financed, the LA curve would shilt out, moving y, toward ¥
climinating the deficit. But if the deficit is financed by bond saes, there iy,
tmovement in cither the IS or LM curve in the skeletal model of Chapters
and therefore no movement of y. Without wealth effects in the system 11
growth of government debt in the hands of the public~would contmy
indefinitely, scemingly with no effect on private behavior, as expressed
the demand functions of the model. .

This implausible lack of dy ic adj stmply results from ¢
attempt 1o use the skeletal money-finance model to analyze a problem &
which 1t 1s unsuited. To study the case of bond-finance of budget imbalane
we need tomove toa model including wealth effects, an ion of the mad:
of Chapter 14

WEALTH EFFECTS IN THE /S GURVE

In Chapter 10 we introduced wealth into the IS curve through the conser,
15on function. Net real wealth a was defined there {equation (37), p. 20%)
the sum of the real values of equity X, government debt B, and reserves|

= K+B+R @
= o
Real wealth g enters the consumption function positively, so that now
éc
e=cly~Hy).ayz>0. !

With rea! asscts in the consumption function, an increase in R or B financin;
an initial budget defieit as shown at rq. yq in Figure 19-5 will shift the J§
curve out As the public’s net worth rises, consumer spending goes Uy
increasing demand and output at the initial level of the interest rate.

Incluston of real assets in the consumption function, as in Chapter 18 !
thus adds a channel of dynamic adjustment to the skeletal model. If the
cconomy begins with an initial equilibrium y, < y* as in Figure 19-5, the
growth of real assets through money-finance or bond-finance of the defic!
will shift IS out, moving y toward y* and reducing the deficit, Imversely,
the mitial y > y*, the budget surplus will be reducing a, cither through
shrinkage of the money stock or retirement of government debt, shifting IS
left. This will again move y toward y*, this time reducing the surplus.

In the money-finance case, the additional channel of wealth effects in the
15 curve adds to the dynamic stability of adjustment. With both LA and 1S
shifting in the same direction with budget imbal; the key partial derive-
tive 1n the stability condition (6), /M, is greater than in the skeletal modL

The wealth effect in the IS curve also contributes to stability in the bonff
finance casc. In the initia) equilibrium of Figure 19-5, the budget isin dgﬁq
since yo < y*. As bond-finance of the deficit increases g, it shifts LS right»
right, moving y toward y*. If the initial cquilibrium ISLM intersection ).1:46
been right of y*, 50 55 > §*, the surplus would reduce a through debt retire
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ment, again moving y toward y*. Thus. the IS channel of wealth effects
contributes to a stable dynamic process in both cases. We will look at the

bond-finance case more closely after we introduce wealth cffects into the
LM curve,

WEALTH EFFECTS IN THE LM CURVE

Whether wealth effects play a role in the LM sector is a subject of uncertainty
In monetary economics. A strict transactions-demand view of the demand for
money will omit wealth effects from the LA curve. This is the case. for
example, in the MPS model's financial sector. On the other hand, the
portfolio-balance approach to the demand for money will include wealth
effects on the LM curve. This can be seen in Tobin's model of the financial
sector. The crucial question is whether or not wealth, or assets A, enters the
demand function for money. If the answer is positive, as is the case in Tobin’s
view, then how a deficit is financed—by bond or money issue—becomes
potentially very important for the dynamic behavior of the economy through
its effects on the LM curve. If the answer is no, as in the MPS model, the
composition of financing is a less important question.

In the portfolio-balance model of Chapter 12, asset-holders distribute
their demands across the available menu of assets. optimizing a risk-1cturn
tradeoff. Money enters the portfolio-demand problem as the riskless asset.
While money earns no return, it also offers no risk of capital loss, compared
to other assets such as bonds or equities. Thus, inclusion of moncy in the
total portfolio reduces overall risk. In the portfolio-balance approach,
individuals with a given total wealth or assets express a demand for cach
asset that depends on risk estimates, the rates of return on all the assets,
and total wealth. As wealth in ‘reases, the demand for all assets. including
money, increases.

As an example of the portfolio-balance approach, let us look at a modcl
with three assets, equities K, bonds B, and reserves or “outside money” R.
These sum to total wealth A. The rate of return on equities is r, and that on
bonds is r,. The equilibrium conditions determining r, and r, can then be
written as follows:

Supply Demand
2 oen(nnng) (14
% = b(rk,rb, 1 —;—i—) (15)
Z;: = k(r&,r,,,_\', %) (16)

. The sum of asset demands is constrained to equal total wealth, as given in

equation (13),
A=R+B+K.
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igure 19-6
M shifts in partiolio
alance model

Given this balance-sheet constraint, there are just two independent demang
equations in (14)-{16): holding equilibrium amounts of any two assets implres
holding an equilibrium amount of the third,

From our point of view the important feature of this model is the inclusion
of A/P = a in the money-demand function (14). As total assets a increase,
the demand for money rises. In general, this gives us an expanded money-
market equilibrium condition: -

M om .
FEmnyw; 0<or<l it

As a increases, the demand for money rises, but by less than the original
wealth increase. Why? Because the wealth increase is spread across ali 1t
assets.

Now consider the effect of an increase in A4, due to a budget deficit, on
the LM curve through (17). If the deficit is money-financed, the supply of
money goes up by AM, while the demand goes up by (8m/da) < AM. Since
dm/da < 1, the increase in M causes excess supply in the money market,
shifting the LM curve down for a given value of y. But if the deficit is bond-
financed, the supply of money is unchanged, while the demand rises by
(@m/0a) < AB. This results in excess demand in the money market, shifting
the LM curve up. Thus, in the portfolio-balance model with wealth on the
money-demand function, money-finance of the deficit shifts LM down; bond-
finance ‘shifts LM up. This is illustrated in Figure 19-6. An initial position
of budget surplus would reverse the movement of LM; reduction of A
would shift LM up, while AB < 0 would shift it down.

Inclusion of wealth effects in the LM curve does not change qualitatively
the dyramics of the money-finance case; IS and LM both shift out. But in

AM>0
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tl.le‘ l_)ond~f_inanc§ case, LM shifts up (or left) while IS shifis out. The pos-
sibility of _mst_abxhty in this case should be clear. We will come back to this
after con§1denng the argument against wealth effects in LA.

Cc?nsxder a financial system that includes assets that are virtually riskless
but yield a return, such as savihgs account deposits, or treasury bills. In
the case of savings account deposits there may be limitations in the frequency
of withdrawal; for treasury bills there are small fluctuations in market prices.
But these risk elements are very small compared to long debt or equities.
In a system with a riskless asset earning a return, money is “dominated™
by the other riskless assets. There is no portfolio-balancing demand for
money since the other asset plays money’s risk-reducing role and yields a
higher overall rate of return.

In this situation, the demand for money is reduced to a purc transactions
basis. As shown in Chapter 12, the transactions demand is responsive to
the interest rate on the dominating riskless asset, which is the opportunity
cost of holding money. But rates of return on other risky assets are then
not relevant for money demand. The portfolio decision is split into two:
money demand as a function of the rate of return on the other riskless asset,
and demands for other assets dependent on the whole sector of returns and
total wealth less money. As wealth increases in this case, all of the increased
demand goes to nonmonetary assets since money is dominated for portfolio-
balancing purposes.

In this pure transactions-demand model, we would exclude A/P from
the demand functions (14) and (17). This would imply in the portfolio-
balance model specified in equations (13)—(16) that 6b/éa + ck/ca = 1. In
addition, only the rates of return on the dominating assct and income would
enter the demand function for money. Then with P and y given from the
“real” sector and M fixed by the Fed, our standard money-market equilibrium
condition
p = mrny)
would determine r. Movements in wealth would not shift the LM curve in
this pure-transactions model.

To summarize, in a model with a strict transactions basis for the demand
for money, there are no wealth effects on the LM curve. But if we go to the
portfolio-balance model, wealth effects enter the LM curve. In tl}xs case, an
increase in the money stock shifts LM down (or right). and an increase in
government debt shifts LM up (or left).

The empirical evidence, as summarized by Goldfeld, favors the trans-
actions-demand model. Once income is included in the moncy-demand
function, it is hard empirically to detect an independent role for wealth. This
result is in sharp contrast with the empirical evidence on wealth cf:fcc:s on
the IS curve. Through the consumption function, it is clear that an increase
in real assets a shifts IS out. For our purposes here, the results of this balance
of empirical evidence are two: (1) in the extended model of Chapter 14 we
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include wealth effects in 15 but not LA, (2) with bond-finance of a deficit iy
the following analysis we assume the IS shift dominates the LM shift, so thay
y increases as B increases.

Bond-Finance of the Deficit and Crowding Out

Figure 197
Bond hinante with no
weoalth effects in LM

With wealth effects in the IS and LA curves, we can now look more care.
fully at the dynamic effects of bond-finance of an imbalanced budget. Taking
the Tobin model of equations (13)~(16) as our starting point, we can we
that the short-run equilibrium level of y now depends on all the stocks ia
the system. So equation (2), for equilibrium income with M the only stock
in the system, is replaced by

y=3{(M.B,g;K). (18)

As before, 8y/0M > 0. The IS and LM curves both shift right as Af in-
creases. In addition, we still have éy/2g > 0 through the usual fiscal-policy
multiplier. But following from our discussion of wealth effects on IS and
LM, the sign of 3y/08B is unclear. An increase in B shifts the IS curve right.
I the demand for money has a pure transactions basis, then there are no
wealth effects on LM, so dy/2B > 0. This is illustrated in Figure 19-7, There
the initial income Jevel yo < y*, where the budget would be balanced, At
¥o the budget is in deficit, and with bond-finance the B stock is increasing.
In the pure transactions model, only the IS curve is shilting under these
circumstances. Thus 0y/0B > 0 and y increases towards y*.
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. Figure 19-8

Bond finance with wealith
effects in LM.

However, if there are wealth effects on LM, as in the portfolio-balance
rgogiel, an increase in the stock of government debt will shif?;,M up (or left)
giving an unclear result for movement in y. This is illustrated in Figure 19‘8:
with both IS and LM shifting. With LM shifting up, there is a clear possibility
that y .c<_)u1d' fall from y, as the B stock increases. The effects on investment
from rising interest rates could more than offset the cffects on consumption
from rising wealth. In this case, dy/0B < 0. Thus, the central question with
bond-finance of a deficit is whether or not the rise in public debt B increases
income y, moving y, towards y*.

STABILITY OF DYNAMIC ADJUSTMENT

With bond-finance of budget imbalances, the movement in the bond stock
is given by

dB

5 = DB = Pd = P{g — t[ ¥(M, B,g;K)]}. (19)
If the deficit d is positive, B is increasing and vice versa. Again holding P
constant for simplification, this system is stable if

3(DB) _ . OF ,
3B Pt 5B<0’ {20)

with bond-finance of the budget imbalance. Clearly then, the condition for
stability of the stock-adjustment process is é¥/6B > 0. If this holds, when
yo < y* and B is increasing. the rise in B moves v towards y* where the
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deficit is elumnated and B comes to rest. But if 8y/0B < 0, the initial deficy
reduces y and increases the deficit, leading the system away from equilibrum,
Thus 8y/2B > 0 is essential for stability of stock-adjustment dynarics wity
bond-finance. This is the basic presumption from the MPS model ang
Goldfeld’s empirical results.

EFFECTS OF FISCAL POLICY

The stock equilibrium effects of a change in government spending g are the
same with bond-finance as with money-finance. The stock equilibrium con-
dition again is that the real deficit is zero, so that DB = 0. This gives vs
equations (9) and (10) for changes in y* {ollowing changes in g, regardless
of the method of finance. In both cases,
).. _ 1
g
)
The difference between the two cases is in the potential instability of
dynamic adjustment. While the change in long-run equilibrium j* is the
same with money-finance and bond-finance, in the latter case the economy
mught move away from the equilibrium, rather than converging towards 1t.
Ths possibility is shown in Figure 19-9. At the initial full equilibrium point
0, with y = vo*, g is increased. This shifts IS to §,5, and y* to 3,*. The IS
shift increases v to yy, where there is a budget deficit. As the deficit increases
B, if ¢y/¢B <0, so the system is unstable, y begins to fall from y,, moving
away from y;*. This is shown in the movement from equilibrium point 1

Figure 199
Unstable ad; with
@ increase.
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to 2,with LM shiftiqg more than IS as Bincreases. Thus, while the movement
in the long-run equilibrium y* following a change in ¢ may be independent
of the method of financing, whether the economy moves towards the equi-

Iibri}qn can depend crucially on financing. Under the MPS-Goldfeld results.
stability is ensured; with the Tobin model it is not.

CROWDING OUT OF INVESTMENT BY DEFICIT SPENDING

The potentigll)_' negative effect on equilibrium income of a bond-financed
budget deficit is one version of a phenomenon labeled “crowding out™ in
the recent ht;rature. In general, the term “crowding out™ refers to the ten-
dency for an increase in government spending, or a tax cut, to reduce pri*ate
investment. This tends to offset the effects of the original increase in g, or
cut in ¢, on y. The potentially destabilizing effects of bond finance arc one
type of dynamic crowding out. Here we summarize the various aspects of
crowding out which we have seen in this text, following the taxonomy set
by Buiter.

At the simplest level, crowding out appears on the demand side of the
static model of Chapter 5; an increase in g raises r, reducing investment. We
saw in Chapter 5 that the multiplier for g is smaller when we endogenize the
interest rate than when it is held exogenous. In Chapter 14, the monetarist
model provides an example of full crowding out on the demand side. With
a vertical LM curve, an increase in g pulls up the interest rate enough to
provide an offsetting decrease in i:i' Ar= —Ag. This is a first stage of
crowding out, which determines how far the aggregate demand curve shifts
for a given Ag

The second level of crowding out involves the aggregate supply curve and
the price reaction to the shift in demand. Suppose the economy follows the
basic model on the demand side so that an increase in g shifts the aggregate
demand curve, but combine this with the classical supply model of Chapter
6, with p' =.1. In this case, the aggregate supply curve is vertical, and the
increase in demand simply pulls the price level up enough to restore the
original equilibrium value of y. With the basic demand-side model and a
vertical aggregate supply curve, the price increase following the shift in
aggregate demand raises the interest rate enough that again i'dr = —4g
and the fiscal policy increase is fully crowded out.

Above we have introduced a third level of crowding out. In Figure 19-9,
the movement from equilibrium position 0 to position 1. with the implicit
background change in the price level, reflects partial crowding out at the
first two levels. The initiating increase in g moves income from 33 to y,.
where there is a budget deficit. Here the third level of dynamic crowding
out comes in. If the LM shift from point 1 duc to DB > 0 exceeds the IS
shift, investment is reduced more than consumption is increased by DB,
and y falls. If the IS shift exceeds the LM shift. y increases towards 3 where
dB = 0. The efiect of DB on the LM curve is to crowd out investment I3y
raising the interest rate r, thus tending to reduce y. As Buiter aptly puts iL,
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Adjustment with budget -
and payments jmbalances Yo N Y

this ts balanced by a “crowding-in"-effect on consumption as DB increases
wealth. Only if the investment effect outweighs the consumption effect is
the result an ble net ding out in the dy ic model.

Interaction Between the Government Budget
and the Balance of Payments

The d hanism 1n the money-finance case of Figure 19-2 is the
budget deficit feeding the money stock. As long as the budget is out of bal-
ance, the money stock is changing, moving the LM curve. In the money-
finance case of Figure 19-2, movement of the ISLA intersection is toward
the equilibrium value y*, where the budget is balanced and DM = 0.

This adjustment mechanism has a close analogue in the relationship
between the balance of payments and the money stock in a fixed exchange
tate regme. As we saw in Chapter 15, if the balance of payments B is not
zero, the money stock will tend to move, depending on the degree of steril-
ization by the monetary authorities (here we use B to represent the balance
of payments. Since we are discussing money-finance cases, this shouid not
cause any confusion with the previous B = bonds ) Thus, in Figure
15-6, as long as the balance of payments B is nonzero, the moncy stoch moves
the ISLM intersection towards the BP cune where B = 0. So we now have
two dynamic adj hanisms moving the money stock: the govern-
ment deficit and the balance-of-payments surplus.
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<igure 19-11
}Roney stock adjustment.

MONEY-STOCK ADJUSTMENT

The balance _of payments and the government deficit both move the money
stock. Thus in the open-economy, fixed exchange-rate model, the rate of
change of the money stock is given by

DM = P[g — 1(y)] + B= Pd + B. (21

A budget deficit, d > 0, or a balance-of-payments surplus, B > 0, contributes
to DM > 0, so the money stock increases. There are clearly two kinds of
possibilities for full equilibrium.

The least restricted equilibrium is one in which Pd = — B. so that any
payments imbalance is just offset by a government imbalance, and DAl = 0.
Adjustment to this equilibrium is illustrated in Figure 19-10. At the initial
equilibrium point ry, y,, international payments are in balance (B = 0), but
the government budget is in deficit (Pd > 0). Thus at ry, yq. the money stock
is increasing and IS and LM are shifting right. As the money stock rises, the
budget deficit shrinks, and a balance-of-payments deficit develops. The bud-
get deficit increases M. while the payments deficit reduces it. As M increases
and the ISLM intersection moves to the right, a point is reached where
the budget deficit just equals the payments deficit: Pd = — B. At that point,
illustrated by y,, in Figure 19-10, DM = 0 and equilibrium is reached, in
the sense that the money stock M is no longer increasing.

This equilibration mechanism is illustrated in Figure 19-11, which is
coordinated with Figure 19-10. At the initial value of M, M, which positions
1,S, and LoM, in Figure 19-10, the budget deficit is — Pd,, and interna-
tional payments are in balance with —B = 0. As M increases since DM > 0,
the budget deficit shrinks along Pd(M) and a balance-of-payments deficit

-B,Pd
—B(M)

Pd,

Pdl =_Bl

M

PA{M}
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Figure 1312
Interaction of exchange
rate and maoney stock
adjustment

appears along —B(M) At M, where the tho cunes cross, P4, = ~3,
and the system 15 1t equilibnium.

The equilibrium of Figures 19-10 and 19-11 is an odd one, howeve 3]
¥; the money stock is constant because the balance-of-payments def
Just matches the government budget deficit. Money is flowing into lh"(L
mestic prvate sector at a rate given by Pd,, and an equal amount is figws
out at the rn - By. Thus, at the y, M, equilibrium of Figures 19.10 }
19-11, foreign asset holders are accumulating home money at the rare
Thus 15 a situation that cannot continue indefinitely, since the accumulasy|
of home money in the portiolios of foreign asset holders will unbalasce iy
portfolios. Eventually, this growing unbalance of dollar holdings will kx;
to ing selling p 1n the foreign exch markets. At some poi
reserve losses will force the Central Bank—the Fed if the U.S. is the “hore
country” in the example—to permit the excbange rate e to fall, devalzy
the home currency. This could be managed in a gradual way, or the adpy
ment could come n one large jump if the Fed were to float the doflar b
ether case, the devaluation shifts the BP line down in Flgure 19 10 moviyf
the equilibnium position to an equilbrium where Pd= —B=10.

EXCHANGE RATE ADJUSTMENT

Exchange rate adjustment from the temporary equilibrium position .,
is shown in Figures 19-12 and 19-13, which extend 19-10 and 19-1f.

Chapter 15 we saw that as the exchange rate e falls, the BP curve of qu‘
19-12 shifts down. This reduces the payments deficit at the initial tquﬁhna

N\

~
-
[ S————
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Figure 19-13
Exchange rate adjustment,

—B,Pd

Pdl =—B1

/
\ e
/
~ PA(M)

y1, making DM > 0 since now Pd; > —B. With DM > 0 the IS and LM
curves begin to shift to the right, as shown in Figure 19-12, reducing the
budget deficit. Movement of all three curves continues until a full stock
equilibrium intersection of IS, LM and BP is reached at y,. There the bud-
get deficit and the payments balance are both zero, and the money stock
is at rest. The condition that the real deficit is zero in full equilibrium deter-
raines the y value, y*:
0=g-—1t(y*)

Given y* and, in the background, equilibrium values of the price level P
and interest rate r, the exchange rate adjusts to an equilibrium value ¢* where
B = 0 and the BP curve passes through the ISLM intersection at y*.

Adjustment of the money stock to the A* value where (S and LAf inter-
sect at y* is shown in Figure 19-13. As the exchange rate falls, the baliance-
of-payments deficit for any given value of the money stock falls, shifting the
— B(M) curve in Figure 19-13 down. The exchange rate falls until the — B(M)
curve intersects Pd(M) at M*, where both y = y* and Pd = — B = 0. Thus,
the system reaches a full equilibrium vector y*, Af* ¢*, with background
values of r and P, both the payments balance and budget deficit at zero,
and the money stock constant.

.. A General View of Asset Stock Adjustment

s‘} .

This chapter has studied the dynamics implicit in budget imbalance, and
international payments imbalance, for movement of an initial short-run
equilibrium to a full stock cquilibrium. Thus, we have focused on adjustment
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Figure 19-14
Stock-adjustmen system

of financial stocks, B and M. In Chapter 11, ne discussed imestment as the
mechanism that moves the capital stock towards a desired: or equilibrivm,
value corresponding 1o a desired capital-output ratio. Here we will simply
shetch the full system of stock-adjustment dynamics that leads a stablz
economy from an mitial short-rin equilibrium with asset stocks arbitrasily
guen by hustory to a balanced growth path with all stocks growing at ra
same rate. Thave are the growth paths that are studied in Part V.

We can 2ggregate the stocks 1n the economy into four categories: money
M, government debt B, capital K, and net foreign assats F. At any point in
ume, the minal vatees of M, B, K, F are ghen by history. They, 2long witk
other parameters such as the level of government purchases and the
structure #(3), determune short-run equilibrinm values for the interest rate
r. income v {and from the supply curve P, and the production function X),
and the exchangs rate e. Thus is the short-run equilibrium solution of Part ITL
But the short-rum sotution for ¥, r, and e, also determines investment, which
is the ratc of change of the capital stock K, the government deficit, which
DM + DB. and the current account in the balance of paymenis, which is
DF with flexible exchange rates. Thus the short-run equilibrium solution
dstermines the rates of change of the initially given stock variables This is
summarnzed schematically in Figure 19-14. There we see the stock-adjestment
system as a feedback Joop, essentially a system of first-order differential
equations The stocks and other parameters determine, through the short-
run equilibnum systen, therr own rates of change, which then feed back to
move the stocks and the short-run equilibrium through time.

mitaly  equithmm Rates of change of stocks *
rog o
e 4 #=DK
5 \ }-—) : t=3! Plg-t{)|=Du+DB
F o yj P(x~m)=DF g
L"(YU - .
Feedhack

in this chapter, we looked at the financial aspect of this adjustment
process. In general, if the entire system is stable, it will move the economy
from an arbutrarily grven set of initial stocks towards the balanced growth
paths of Part V.

Anotber useful view of this system can be achieved by looking at the
IS equation as an equilibriur condition for accumulation. Writing the

-y
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1S equilibrium condition with only S on the left-hand side. we have
S=14+(G-T)+(X - M) (22

Ip Parts II and II1, we concentrated on the fiow, or goods-market equilib-
rium aspect of the IS equation. But translating from Figure 19-14, we can
also see it as an accumulation equilibrium condition:

D4 = DK + DB + DM + DF (23)

-

_ Saving is the growth in demand for total assets A. The items on the
right-hand side of (23) are the growth in supply of the various categories of
assets summing to A. Investment is the growth in supply of K. The govern-
ment deficit and the financing decision control growth in supply of B and
M. The current account balance is the growth in supply of F with flexible
rates; with Fed intervention in exchange markets (X — M) is split between
DF and DM. ’

Thqs, the short-run equilibrium solution on the IS curve determines
values for (y,r,e) such that the desired growth in total assets (S = DA} is
just equal to the growth in supply of these assets. If the system is stable,
this pattern of accumulation will take the economy to a growth path where
all asset stocks grow at about the same rate. This is the growth path that is
described in Chapter 20, and analyzed in Part V.
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Trend Growth

inthe Static Model

s

By introducing such factors as wage and price inflation, growth in labor
productivity, and accumulation of financial assets into the Part 1] model of
income determination, Chapters 17-19 have taken us away from a purcly
static model of the economy to a more dynamic view. In Part V we analyze
growth models that assume that aggregate demand policy keeps demand
equal to potential output. This justifies concentration on movements of the
potential output path in growth models.

In this chapter we pull together strands from Chapters 17-19 to analyze
movements of policy variables such as government purchases, tax rates,
money supply, and budget deficit 4 that are needed to keep aggregate demand
equal to potential output as the latter grows, We take as given the growth
path of potential output—that’s the subject of Part V—and ask what con-
figurations or combinations of policy variables will kecp demand growing
on the same path?

The relationship between actual and potential output is shown in Figure
20-1, which reproduces Figure 1-1{a). The potential line in Figure 20-1 shows
the economy’s potential output path, which is fairly smooth given the trend
growth of labor force and productivity. This is also the trend path of full-
employment output. It gives the level of output that could be attained at
any given time with the unemployment rate at about 5 percent and labor
productivity at its trend value. )

The actual output line in Figure 20-1 shows actual measured real GNP.
When actual output is below potential. unemployment is above 5 percent
and real output is lost. When actual output is above potential, as in 1968 -

. 1969 when the unemployment rate fell below 3.5 percent, additional output

above potential is gained, but only at the cost of a rate of inflation that i

439
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widely thought to be unacceptable. In the presidential campaign of 1968,
both partics agreed that the 5 to 6 percent rate of inflation, which came along
with the under-3.5 percent unemployment rate, was too high.

The potential output path in Figure 20-1, then, does not represent an
absolute physlml maximum level of output. Ra(her it gives the level ofoutpu\(’

dwithan Y rate & bit under 5 peroent—the Council &F*-
Economic Advisess’ Annual Report in 1977 put it at 4.9 percent, This is the
Tevel that the U.S. Phillips curve suggests might be compatible with “reason-
able” price stability~—a rate of inflation somewhat less than 5 percent a year,
Thus, the potential output path of Figure 20-1 can also be considered as a
feasible trend path for actual output; monetary and fiscal policies should be
set to maintam actual output as close to potential output as possible.

The stabilization policy measures discussed in Parts II and 111 are steps
that can be taken to close the gap between the potential and actual output
paths and maintain actual output near its potential level. Of course, when we
considered time lags in Part J11 we recognized that once an output gap
appears, movement toward the trend line cannot be instantaneous and com-
plete. But the static model has shown how manipulation of such variables as .
government purchases, tax raies, or the money supply can close the gap
between actual and potential output. Thus, if investment or consumer expen-
diture falls below its trend level associated with potential output and income,
the government can take fiscal or monetary policy steps to counterbalance
the effects of that exogenous drop in investment or consumer expenditure
to keep the level of output up tp its potential. «

In Part V we assume that the government is doing its stabilization jOl
well. That is, it is reasonably successful in keeping the economy growing
close to the trend, or potential output, line. There will be, of course, fuctva-
tions around the trend line. Consumption and investment will fluctuate
around their trend levels, and fiscal and monetary policy will react only with

3
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a lag. But when private demand deviates from its trend level, we assume
that the government responds well enough to correct the deviations within a
reasonable period, say, a year. Thus. on arcrage, the actual growth path of the
economy 1s represented by the trend Jine.

_ Assuming this, our interest in Chapters 21~25 is focused on what deter-
mines the nature of the trend line: How are its slope and height determined?
How can the economy move from one trend line to another? In other words,
what determines the potential rate and level of growth of the economy?

Before taking up these questions, we summarize the long-run trend nature
of fiscal and monetary policy that will keep the economy growing along the
trqnd path. To repeat, in the short run there will always be fluctuations in
private demand—higher or lower levels of investment or consumption—
which require higher or lower levels of government spending, tax rates, or
money supply to maintain actual output close to potential. But on average,
over the long run, monetary and fiscal policy will exhibit certain rrend
characteristics as the economy grows along its trend path.

Assumptions Underlying Trend Growth

As the economy grows along its full-employment trend path, the govern-
ment’s monetary and fiscal policy variables will be moving to counteract
changes in private demand. To find the required trends in these policy
variables we assume the economy grows along a path with the uncmploy-
ment rate at some given average level, perhaps 5 percent. which we define
as full employment.

To describe the trends in monetary and fiscal policy variables along the
full-employment path, we make some further assumptions, each of which, as
we see in Chapter 21, is roughly consistent with the historical facts.

Interest rates are trendless, that is, they fluctuatc around some mean level,
The rates of labor force growth, L = [(dL/d1)/L}, and of average labor-
productivity growth, y/L = [(d(y/L)/dt)/( y/L)}. are fairly stcady.

The capital-output ratio, K/y, is roughly constant.

The relative shares of labor and capital in output are roughly constant.

1

Eal

Here we are switching from a focus on employment N, 1o ghc labor foree
L. If the unemployment rate u is constant, both N and L will grow at the
same rate. The unemployment rate u is defined as

L e\ S A (1

where U is the number of persons unemployed. Thus if 1 is constant, the
employment rate, N/L, is constant,and N and L both growat ths samerate L.

In this chapter, we explore the implications of these “facts’ for cquﬂ‘:_b'
rium growth in the static model. Then in Chapter 21 we begin to.cxpl‘nn
why these are indeed the facts. in the context of growth modcls. To draw xhe
implications of balanced growth for static equilibrium, we examine first the
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labor market to find the implied rate of growth of output, wages, and prices
on average along trend. Then we find the average growth rate of the money
supply that will keep the money market in equilibrium with real income
growmng and the price level rising, and interest rates remaining constant
alcng trend. Finally, we see what full-employment product-market equilib-
rium imphes for the average level of the government deficit and debt.

Trend Growth of Output and Prices

Qur assumptions concerning the growth rates of the labor force and produc-

tivity can be combined to give the growth rate of potential output. We can

define potential output as average labor force productivity y/L times the
total labor force L:

=3

77T

Taking logarithms of equation (2) gives us

‘L. @

lnysln%+!nL,

and differentiation with respect to time gives us the potential growth rate

equation .
y=ylL+L, 3
where x is the percentage rate of growth of x:
dx

&

Thus, the two assumptions give us the rate of growth of potential output.
In the US, in the 1970s, with total productivity growing along trend at
about 2.0 percent per year and available man-hours in the labor force
growing at 1.5 percent, the growth rate of potential output y is about 3.5
pereent.

As we saw m Chapter 15 the assumption that relative shares remain
constant along trend implies that the rate of growth of the price level is equal
to the rate of growth of the money wage rate less that of productivity,

P=1W—yjL U]
The rate of growth of productivity 1s given by assumption 2 above, and the
rate of gmwth of wages, W, comes from the Phillips curve of Chapter 18

bined with the ploy ate ion. With the

rate at about 5 percent, the Gurdon-Perry-Phllhps curves of Chapter 18
suggest that 1 would be about 7 percent. Thus, with productivity growing
at about 2 percent, we could expect P to be about 5 percent along trend,
with relative shares remaining constant.
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If the Phlll-ips curve could be shifted to the left by an incomes policy
such as the gmd;posts. and W held down to around B.pcrccm a year. then
a zero rate of price increase. maintaining relative shares constant with real
wages growing as fast as productivity, could be achieved, In fact. this has
not been possible in the U.S.. so that to maintain constant relative shares

with real wages growing as fast as productivity, P will probably have to be
at Jeast 4-5 percent. ’

NOMINAL GNP GROWTH

Adding the growth rate of real output y to the growth ratc of prices P,
we can obtain the trend growth rate of money GNP, Y. Since ¥ = v« P
we have )

Y =j+P. (s}
Substituting the equation (3) expression for trend y and cquation {4) for

trend P gives us . . . .
Y=yL+L+W~yL=1+il. (6)

Along trend, with relative sharcs constant. the growth rate of nominal
GNP will be the sum of the rates of growth of the labor force, L. and of
the money wage rate, 1. From equation (4) the money wage growth ratc
that maintains constancy of relative shares is

We=pP+/L, (7

so that the W term in equation (6) simply represents productivity growth
plus the rate of increase of prices, and the L term adds in the rate of growth
of the labor force. . .

If the guideposts were followed, P would be zero, so that ¥ = y, and
the rate of growth of money wages would simply represent productivity
growth. Thus, under the guideposts,

Y=L+ /L= ity

EQUILIBRIUM GROWTH ON THE SUPPLY SIDE

Equations (3) and (4), which give the growth rates of output and the price

level along the potential GNP path, can be conveniently interpreted as the

conditions for equilibrium growth on the supply side. Given the growth rates

i of the labor force and productivity, equation (3) shows the growth rate of

’ output that will maintain constant employment and unemployment rates.

The assumed unemployment rate then fixes the rate at which wage rates
increase—the tate at which the labor supply curve shifts up.

With the rate of growth of output which will maintain a given rate of
unemployment and the rate at which the labor supply curee shifts up bm_h
fixed. equation (4) gives the rate of increase of the price level, P, that will
keep the supply side of the cconomy in cquilibrium. The next step in the
analysis of trend growth in the static model is to determine the monctary
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Figure 20-2
Growth of potential output
on the supply side

and fiscal pohicies that will shift the economy’s demand curve out along
trend at just the rate that will maintain both demand and supply equilib-
rium along the growth path of y and.P described by equations (3) and (4).

The problem is illustrated in Figure 20-2 {which is essentially the same
as the northwest quadrant of Figure 17-8). Starting from an initial equi-
Iibrium Py, ¥y point, where y, is potential output at time 0, the growth of
the Iabor force and productivity raise y to y, and v, in time periods t and 2,
following equation (3). With unemployment maintained at 5 percent as y
moves to y, and y, the labor supply curve shifts up faster than productivity
growth, so that the price level must nse from Py to Py to P; to maintain
equilibnium on the supply side.

This analysis fixes points 0, 1, and 2 in Figure 20-2 as the equilibrium
P,y points on the supply side as y and P grow according to equations (3)
and (4). Thrs means that the economy’s supply curve is shifting out from
8085 t0 §,5; 10 5,5, n Figure 20-2 as the economy grows along trend.
The problem now is to find the path of the demand-side variables, especially
the money supply M and the government budget deficit d = g — i(}), that
will shift the demand curve Do D, of Figure 20-2 out just fast enough to pass
through pomts 1 and 2, so that the economy remains in equilibrium as y
and P grow according to equations (3) and (4)

Trend Growth of the Meney Supply

We will begin on the demand side by finding the trend rate of growth of ¢
the money supply that will hold interest rates constant along trend as y
and P grow according to equations (3) and (4). Then we can determine the
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movements of the government's fiscal policy variables that will maintain

the product market in equilibrium. These results can then be modified by

assuming that interest rates are not constant along trend. This will change

the M p{ith and the movement of investment along trend, changing the

fiscal pohcy. path that will maintain product market equilibrium, T
The equilibrium condition in the money market from Part 1 is

M

= = m(r,). ©)

In logarithmic form this can be written as
{
lan-)—=lnM—lnP=a,,+::,lny—-azzlnr, {10

where ¢, is the long-run elasticity of demand for real balances with respect to
changes in real income and 2, is the elasticity with respect to changes in the
. interest rate.
In Chapter 12 we suggested that x, is about 1.0. and 2. is about 0.25,
so that the money market equilibrium condition is

InM—InP =2+ 10Inyr~025Inr. (1

The trend rate of growth of the money supply M that will maintain meney
market equilibrium as r and P grow according to equations (3) and (4) can
be obtained by moving In P to the right-hand side of (11) and differentiating
with respect to time. This operation.gives us

M=i+P-025F {12)

for trend growth in the money supply M as y. P, and r all change.

Growth in nominal income, i + P, increases the demand for money. To
hold interest rates constant, that is, to hold 7 = 0, the money supply must
grow at the same rate as nominal income along trend. Thus, if interest rates
are roughly constant along trend, the trend growth in the moncy supply
should follow the rule

M=Y=3+P (13)

If nominal income grows at 8 percent or so along trend, the money supply
also must grow at about 8 percent with a unitary income clasticity of demand
for money to keep the money market in cqu1}|bnum \\"xth constant r. This
money supply behavior s\g]l also hold velocity v = Y/M constant as the
rows along trend. o
ecoré%?.gtigon (13) giv%:s the growth in the money §upply that wnﬁll shift ltl;c
LM curve of Figure 20-3 out fast enough to maintain money mark.ct equili :
rium as » grows according to equation (3) with r constant. As ~\.gmv.f t
" rate ¥, the LM curve must shift ‘out at the samc rate to maintain n'x‘o.m}‘
market equilibrium at the initial interest rate ro. To Shl[l the l',M.) curve o:'
at that rate, the money supply must grow at the rate ¥ = ¥ + P, given hy
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Figure 20-3
Money supply growth
along trend

equation (13), to supply the increased transactions demands stemming from
both the P and y increase,

This sectton has given us the rule for trend growth in the money supply.
To keep the money marhet in equiltbrium at constant—or, more precisely,
trendless—interest rates with y and P growing along the trends given by
equations (3) and (8), the trend growth rate of the money supply should be about
the same as that of nommal GN P. If the price level grows at about 4-5 percent
per year, this indicates a trend money supply growth rate of about 8 percent,
since y 1s about 3.5 percent. If prices are constant, the money supply should
show a trend growth rate of about 3.5 percent to hold interest rates constant.
Again, we should note that this 1s the rule for the long-run average, or trend,
growth 1 the money supply to keep the economy near its potential growth
path. As private démand fluctuates about its long-run trend, policy variables
will also have to fluctuate to maintain total demand at the full employment
level, as we saw 1n Parts IT and III. Here we are developing the long-run
average outcome for the policy variables given the trend growth in private
demand. Now we can turn to the fiscal policy prescription that shifts the IS
curve out just fast enough to maintain demand-side equilibrium as y grows
from y, to y, in Figure 20-3.

Product Market Equilibrium and the Budget

The equilibrium condition in the product market can be written as
c+itg=c+s+t, (142)
or .
itg=s+t (14b) ,
Here each variable is set at its ex ante, or planned level; product-market |

equilibrium is maintained where planned i + g = planned s + . Equation
(14b) can be divided through by y to obtain the product-market equilibrium
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condition with all items stated as fractions of real output.

i s 1
- -t~ )
Yoy oy ow 13
Rearranging th.e terms in equation (15), we obtain the necessary equality
between net prwate-sector_sav_ing s — i, and net public-sector expenditure,
the deficit d = g — 1, to maintain the product market in equilibrium:

g—t d s—i

T = e, (16)

) ¥ ¥

This just restates the fz_ict that in equilibrium the government deficit d must
equ.al the excess of private saving over investment in the economy. If the
saving fractan sy and the investment fraction iy have fairly stable trend
vqlues, equation {16) will give us the trend ratio of the deficit to output that
will be needed to keep the product market in cquilibrium as the cconomy
grows along trend.

THE SAVING-INCOME RATIO

In Chapter 10 we saw that the long-run data on consumption and income
and the three main theories of the consumption function all say that the
ratio of real consumption to real income is roughly constant over the long
run. If ¢/y is roughly constant along trend and the tax structure is propor-
tional so that ¢(y) = ty, then the ratio of planned saving to income must also
be constant along trend.

One way to write the product market equilibrium condition is

y=c+s+1 (N

so that the ratios of ¢, s, and t to income must add to unity,
c st
==t =t~ {18)

If ¢/y and t/y are constant, then s/y must also be constant. A permanent
increase in tax rates, raising t/y, will reduce both ¢/y and s/, presumably in
the same proportions that consumption and saving come out of disposable
income. Thus, in the fiscal policy equation (16) s/ will be roughly constant
with any given tax structure which determines ¢/y. An increase in t/y will
yield a smaller decrease in s/y. as perhaps 10 percent of the 1 increase comes

out of saving.

THE INVESTMENT-INCOME RATIO

In Chapter 11 we found that empirical estimates show a long-run g!as(icit‘y
of investment demand with respect to changes in output of unity. This
implies a constant ratio of investment o rcal output along trend, as increases
in output call forth equal percentage increases in investment.
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This result can also be obtained by assuming that the capital-output

ratio, K/, is as shown in ption 3 above. I K/y is equal to 2
constant ¢ (here ¢ is the capital-output ratio), then we have
. . _dK dy
Net investment = i, = e T @

as an expression {or net investment, which is just the rate of increase of the
capital stock. Dividing the net investment expression by y yields

dy
L S (9
Uy . )

If both r and §, the trend growth rate of output, are constant along trend,
then the ratio of net investment to output will also be constant along trend.

Replacement mnvestment is generally assumed to be a fraction 4 of the
capital stock K, so that replacement investment is given by

i, = 6K = dry, 20)

and the ratio of replacement investment to output, along trend, will just be
the constant &t If both net and replacement investment are roughly constant
fractions of output, then total investment i will also be a constant fraction of y
along trend.

Bothnetand r i in ions (19) and (20}, depend
on the mpual—ompm ratio . This gives the desired capital stock at any
given of y. The lere! of this stock then determines replacement investment
through & and the rate of growth of this stock is net investment. Thus,
equations (19) and (20} show that for any given r there is a constant Jong-run
average ratio of investment to output.

Aswe saw in Chapter 11, the desired capital-output ratio should, in turn,
depend on the interest rate through the cost of capital. The higher the interest
rate, the lower the desired capital-output ratio r. Thus, if the economy moves
from one roughly constant lc\ el of the interest rate r, 1o another lower level
7y, there will be a corresp in the capital-output ratio r from
g to £, and an increase m the investment-output ratio from (ify), to {i/3),.
This says that for any given level of interest rates there will be given equilib-
rium capital-output and investment-cutput ratios. A change in rates will
change the ratios to new equiltbrium levels.

THE GOVERNMENT BUDGET ALONG TREND

We can now return to the equiltbrium rule for the government budget gncn
earlier by equation (16):
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If s/y and i/y are constant along trend, (16) gives the long-run irend in the
budget position that is needed to maintain product-market cquilibrium. The
saving ratio is determined by trend real income and the tax rate; the invest-
ment ratio is at least partially determined by the level of interest rates.

If private-sector full-employment saving tends to excesd investment
demand, s > i, and a government deficit equal to the difference will be needed
on average over the long run to maintain equilibrium full-employment
growth. Conversely, if s < i, a surplus will be needed. This is the rule that
will keep the IS curve of Figure 20-4(a) and the demand curve of Figure
20-4(b) shifting out just fast enough to maintain static equilibrium in the
economy as potential output grows from ¥, to ¥, to », with the interest rate
constant at ro and the price level rising steadily from Pq to Py to P,.

The long-run equilibrium deficit or surplus, then. depends on the long-run
tendencies of the s/y and ify ratios. The s/y ratio can be affected by tax rate

Ib I I, Mo M, M,

Figure 204

Static equilibrium with
full-employment outpul
growth.
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changes, and the i/y ratio can be changed somewhat by interest rate changes,
but there is no particular reason to expect the two ratios to be the same so
that the government budget can be just balanced over the long run,

The Monetary-Fiscal Policy Mix Along Trend

Equation (16), giving the full-employment budget surplus or deficit needed
to maintain equilibrium along trend, is a useful point of departure for a
final discussion of the long-run allocation implications of the monetary-
fiscal policy mix, Assume that slablhzatmn policy is mamtammg the economy
near its potential grow(h path by t ions from
long-run trend behavior in s/y and ify by short-run changes in government
purchases, tax rates, or the money supply. In other words, the government
counters exogenous shon~run shifts in prwal: demand components by

its own d d, g d through tax rate
changes, or ch di d through deviations from trend
money-supply grcwlh These policy actions keep lhe economy close to the
potential growth path so that the remaining monetary-fiscal policy question
concerns the mix of cutput along trend.

- THE TREND MIX OF OUTPUT

Presumably the long-run desired output mi he ¢, i,a ionas y
grows along its potential palh—should be de(ermmed by ba]ancmg the
marginal social gain of additional units of real consumer, investment, and
government expenditures within the constraint that they can add up to no
more than potential cutput. This decision concerning the long-run mix isa
political decision to be taken with the understanding that current investment
;nay affect the future potential growth rate, as we will see in Chapters 21 and
5

Once the mix decision is reached by weighing the marginal social benefits
of increases in each kind of expenditure, equation (16) shows how to imple-
ment that decision. First, the interest rate level should be set to obtain the
desired ify ratio. This will involve an initial period of hxghcr-than-!rend M
growth to reduce rates, or lower-than-trend growth to raise them. This
sets the trend ify ratio. R

Next, given the desired aly ratio, tax rates must be set to yield the ratios
of tax revenue and saving to income that just balance supply and demand in
the economy. The determination of this equilibrium tax rate is shown in
Figure 20-5. The [7 ~ t(y)]/y line in Figure 20-5 shows the relationship
between the tax rate and the ratio of the government deficit at potenual
output to potential y itself as tax rates rise. With g fixedatg LG by the balz\m:mg1
of marginal social benefits of expenditures, as tax rates rise to increase £(¥);
[3 — 1)}y falls [alrly sharply.

The (s — u)/y line in Figure 20-5 shows the relationship between the tax
rate and the ratio of net private saving at potential output, s 7, to potential
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“igure 20-5
lat private saving and the
urplus at potential output.

<l

Percent

output. Here i is the desired investment level at potential output. An increasc
in the tax rate reduces saving, reducing s —7, but by less than it increases 1(y).
since most of the #(y) increase comes out of consumption.

With i/y and g/y set by policy along trend, Figure 20-5 shows the tax
rate t, that will equate net private saving and the deficit at potential output.
In Figure 20-5, the tax rate t,, yields a negative deficit—a surplus—along
trend, measured by —(d/y),. In that example, the desired investment level i
is large enough that the s ~ i line is low enough to intersect the § — t(3)
line below the horizontal axis, giving a required surplus as the cconomy
grows along trend.

There is no way to determine a priori whether the potential output
equilibrium intersection of Figure 20-5 will be above or below the horizontal
axis, that is, whether a deficit or surplus will be required to maintain the
economy near its potential output path. Monetary policy can shift the s 7
curve by adjusting the level of interest rates. The government budget can
shift the g — t(y) line by changing g. In the end, the equilibrium deficit will be
to a large extent determined by these policy decisions concerning the output
miX.

TWO INTERPRETATIONS OF THE PRODUCT MARKET
EQUILIBRIUM CONDITION

Thus we see that equation (16) giving the necessary budget position along
trend can be viewed two ways. First, if we take the level of interest rates and
the tax rate as given, we can use it to determine the possible level of govern-
ment purchases and the deficit. If, in

g—t s—i 21)

-~ k4

we take interest rates as given, then i/y is fixed. Potential output and the tax

- structure determine both s and t. This leaves only g/y to be determined as

g_s t_ =t (22)

Yy y y
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If s > i, g will be greater than t and there will be a deficit; if s < i, then ther
will be a surplus with g < &. =

Second, if we determine the level of the interest rate needed to achiey
some target investment level, fixing i/y by policy, and then fix g/y 1o equis
the marginal social benefits of public versus private spending, equation&
can be used to determine the tax rate needed to maintain static equilibrigy
as the economy grows along its potential output path.

SUMMARY ON EQUILIBRIUM GROWTH IN THE STATIC MODEL

This completes our exposttion of the behavior of the static model as
economy grows along its potential path. The rates of growth of productng
and the labor force determine the rate of growth of potential output,

F=y/L+L e
The Phullips curve gives us the rate of growth of wages W, and this, combize
with the assumption of constant relative-income shares, gives us the gros:
rate of the price level, L .

P=W—yjL "]

To maintain money market equilibrium at any given level of the intere
rate, along trend we have M growing at the same rate as nominal GNP,

M=Y=y5+PF [
To raise interest rates, M should be temporanly lower than ¥ and vice v‘ﬂ;
to lower interest rates.

The level of interest rates determines the investment ratio #/y, and t
tax structure determines the tax and saving ratios t/y and s/y, leaving t
produce market equilibrium condition,

gt
¥
to determine the necessary values of g and the deficit (g — 1) that keept
economy near its potential growth path. If's, r, and i are all roughly const2
fractions of y, then g/y will also have to be roughly constant, that is, g m
grow as fast as y to maintain product-market equilibrium along this balance
growth path. ~

We can now move on in Chapter 21 to a brief review of the facts
economic growth in the U.S. and then to the development of models tt
explan the trend growth path of the economy. Here we have seen how t
economy can be kept in static equilibnium along its trend growth pa
assuming such a path exists. In Chapters 21-25 we look at explanations
why such a growth path does exist and what determines its level and
the rate of growth. Before moving on. it is convement to discuss very €«
two questions of interest raised by this exposition of equilibrium gmv;.ﬁl
the notion of fiscal drag and the refationships between the deficut, the natior
debt, and potential output.
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f.figurc 20-6

“fiscal drag”.

e,

¢
A .

iscal Dr

? B

gty

ag and the Full-Employment Surplus

The product market equilibrium condition with the cconomy growing along
its potential output path is

—Hy) s—i d
g (})=——1=~=aconstant, (26)

y y y

on average, over time.

For that to hold true with a given tax structure, the level of government
purchases g must grow at the same rate as output y, If g does not grow as fast
as y, the tax rate must be continually reduced to keep g — () growing at
the same rate as y. If both g and the tax rate were to stay constant, then as
potential y grows the deficit would shrink. and the cconomy would begin to
slow down, falling off the full-employment path. This phenomenon is
known as “fiscal drag” and is illustrated in Figurc 20-6. Let us assume in
Figure 20-6 that the deficit, given by (26). necded to maintain product
market equilibriumn at potential output is zero, with the initial lerel of
government purchases fixed at g, and the proportional tax structurc given
by toy. Under these assumptions, the economy initially is in equilibrium at
the {ull-employment level of output yg.

As potential output grows with g, and t, fixed, the full-employment
surplus increases with o) rising and g, constant, violating'the equilibrium
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condition for full-employment trend fiscal policy, putting incrcz\smz dosn
ward pressure on the economy, and increasing unemployment.

To avoid fiscal drag, one of two things must occur. Efther the tax rat
must be reduced as income grows, shifting the ty line from foy to 1,y, N
Figure 20-6, or the level of government expenditure must be increaseq fr'am
go to g, m Figure 20-6 as full-employment output rises from 32 to)l.

The point here is just that budget procedures fix the level of governmeny
purchases and tax rates. Thus as y grows, revenues grow automatically by
government purchases increases have to be legislated. This means that 4
neutral budget position, over time, must involve steady increasss in g o
steady cuts in tax rates to maintain the product-market equilibrivm condrioy
(26) as the economy grows along trend.

Public Debt with Trend Growth

One final question is raised by the product market equilibrium condition
given in equation {26). Suppose along trend private saving exceeds invest
ment, so that the fiscal rule says that g > t and the deficit-income ratio d;
must be positive. If the government must persistently run a deficit as t
economy grows along trend, what happens to the ratio of debt to income'
Will the public debt—the accumulated deficit—grow relative to income, o
will it tend to some stable ratio to income? The answer is that the dett
income ratio will tend toward a constant given by (d/y)/. The problem is§
same as that of the investment-output ratio implied by a constant capita.
output ratio; in that case investment was the rate of change of the capita
stock. Here the deficit 1s the rate of change of the debt. In the capital stod
case we wen( Ifom a constant capitai-on{put ratio (0 a consYant jnvestment
output ratio by differentiation; here we will go from a constant deficit
output ratio to a constant debt-output ratio by integration
Suppose the deficit-income ratio is given by &, so that the deficit v
time t 1s given by
= 8y, = dyoe”, @

where y grows at the rate . Then the debt at any time T, Dy, is given by t*
integral of all deficits from time zero to time T:

. Dy= _[B’ ddt = fo'ayoe*' de. @
Integration of this expression gives us
T dy,
fl “Brer_y
¥l ¥y

With yr = 3,7, the debt-income ratio is then i

Dy & 1 ;
ﬁ‘}(“;f)- ¢

Dy =14y,
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As time passes and T becomes larger and larger, the second term in the
parentheses tends toward zero, so that

Dy 6 ,

ey as — .

e T—ow {(30)
Thus, if the deficit is about one percent of GNP along trend, so that & = 0.01,
and the growth rate of real output is about 4 percent, so that § = 0.04, the
debt-income ratio will tend toward 25 percent as time passes.

With the U.S. GNP running about $1.9 trillion, a 1 pereent deficit would
be about §19 billion. The arithmetic of deficits and debts in a growing
economy thus says that if the U.S. continually ran deficits of this magnitude
relative to GNP, in the long run the public debt would stabilize at about
one-quarter of GNP, hardly any cause for alarm, no matter what onc’s
theory is concerning the burden of the public debt.
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Long-Run Growth with
Full Employment




Introduction
{0 Growth Models

The theory of economic growth generally deals with the economy's long-run -
trend, or potential, growth path. Assuming that the monetary and fiscal .
authorities are successful in keeping the cconomy near full cmployment, .
we can ask what determines the height and slope of the potential growth
path, shown in Figures 20-1 and 1-1. As we saw in Chapter 20, the slope of
the long-run growth path—the rate of growth of potential output—is related
to the rates of growth of the labor force and of productivity. The height of
the growth path, on the other hand, is related to the amount of accurmulated |
capital per worker in the economy and to the saving rate. Most of the remain-
ing chapters of this book are devoted to the analysis of the precise relation- .
ships between the slope and height of the growth path and the rates of
productivity and labor force growth and the saving rate.

The growth models of Chapters 21-25 will deal with relationships be-
tween capital and labor inputs, real output, real investment and consump-
tion demand, the real wage rate and the profit rate. Since we are dealing
with only real variables here, it will be convenient to change notation so
that capital letters stand for aggregate real magnitudes and small letters
denote per capita real magnitudes. Thus. for the remainder of the book:

L = labor input, in terms of man-hours per unit of time;
K = capital input, in terms of machine-hours per unit of time;
Q = real output per unit of time. and. in general, Q = FIK, L),

W = total real wages; ) .
k = amount of capital per man—the capital-labor ratio K/L = k;

q = output per man, or productivity. so that Q/L = g;
w = wage rate, that is w = W/L.

459
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re 21-1
kinds of
th

In general, we will also assume that the rates of milization of the labor force
and the capital stock are constant, so that we can use L to represent either
the labor force or man-hour input, and K to represent either the capital
stock or machine-hour input.

We will find it useful—indeed, necessary—to distinguish between four
kinds of growth in Chapters 21-25. These are illustrated in Figure 21-1,
which shows two long-run equilibrium growth paths ¢,q, and g,q,, and
the path of output per man in a hypothetical economy from point 0 at time
t, to point 2 at time 1.

Long-run growth paths q,4, and g,q, represent trend growth paths of
output per man with 2 slope given by the rate of growth of labor force pro-
ductivity 4, which is the same as the (/L) varable of Chapter 20 Long-run
growth path q,q, has a lower saving rate and thus is below Iong-run path
4,9,- The dashed path AB shows the full-employment growth path of the
hypothetical economy as it grows up to its long-run trend path g,q,. As
we shall see in Chapter 22, if an economy with a long-run path like g,4,
starts off below that path, at a point ke A, its potential output will tend to
grow toward that long-run path as full employment is maintained by
stabilization policy.

The solid path from point 0 to point 2 in Figure 21-1 shows the move-
ment of the hypothetical economy from an initial point of less than potential
output, first up to full employment as it joins the AB path, then to 2 long-run
steady-state growth path g,q;, which it joins at point B. At time ¢, we assume
that the economy's saving rate increases so that its long-run path shifts up
10 ¢q;. Maintaining full )! the then follows path 1-2
to reach the new long-run path at time ¢,.

This scenario thus shows four different kinds of growth. The first, il-
lusmleq by the movement from point § up to path AB, is growth that ac-

p the elimination of ploy The first three parts of this
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}aook dealt with this stabilization question—how to keep the economy on
its full-employment growth path. )

The second kind of growth is shown by the movement along the full-
?{r,lploymcm path AB toward a long-run steady-state path like 454qy. Part

of the book described several aspects of the dynamics of this path, We
continue the analysis of tl}xs path from medium-term to long-term cquilib-
rium here. One of the major questions dealt with in the growth models of
the next few chapters is whether a full-employment cconomy will, both in
fact and in theqry, tend toward a steady-state path like q,q,.

The third kind of growth is movement along the steady-state path once
the economy gets onto the path at point B. A second major theme of the
growth models of the next few chapters is investigation of the characteristics
of the steady-state path. It should be noticed that there are two separable
questions_ involved in growth from_4 to B and then along path 4,4, from B.
The first is the question of what path g,q, looks like, assuming the cconomy
gets on it at point B. The second is whether the economy tends toward a
path like q,q,, assuming that it starts at a full-employment point off the
path, like point A4.

The fourth kind of growth involves movements between two steady-state
paths, normally as a result of a change in the saving rate. This is illustrated
by the movement from point 1 to point 2 in Figure 21-1. This kind of growth
is quite similar to that from point A to point B. When the saving rate changes -
and shifts the long-run steady-state path from g4,4, 10 ¢,q,, the economy is -
then off the steady-state path (and at full employment) at point 1 much as
it was at point A.

As mentioned above, the first kind of growth that comes from moving
to a position of full resource utilization was discussed in Parts I to I11. Parts
1V and V deal with the second and third kinds of growth—1o and along the
steady-state path, maintaining full employment. Chapter 25 concludes with
a discussion of the fourth kind of growth between full-employment steady-
state paths.

In the following sections we first review the “styvlized facts™ of cconomic *
growth. These are rough and approximate empirical observations of the
characteristics of long-run growth in industrial countries, relating the ob-
served growth rate of output to growth rates in inputs and patterns of change
in factor input prices to factor income shares. These stylized facts are the
approximate empirical reality that growth models attempt to explain.

Next we discuss the three basic assumptions underlying most one-sector
growth models. These are the usually exogenously-determined rate of growth
of the labor force, g, = (dL/dt);L: the production function, @ = F(K.L): ~
and the saving-investment-capital formation relationship, § =1 = dK.d1.
These functions, taken together, give us a fairly simple intuitive description
of the growth process. .

Finally we develop the first simple model of capital accumulation and
output growth generally attributed to E. D. Domar and Sir Roy Harred.
This model develops the implications of the fact that on the demand side of
the economy investment is an important determinant of the leref of output .
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through the multipher, while on the supply side investment is an important
determinant of the rate of increase of potential output by, increasing the
capital stock. Thus, there will be one investment path along which the capital
stock will be fully employed with the level of demand just sufficient to absorb
the total output produced by the capital stock. This path is given by the
Harrod-Domar condition, which 1s a basic equilibrium condition in one-
sector growth models,

The Stylized Facts of Growth

The stylized facts, introduced by Nicholas Kaldor in 1958, refer to the long-
term regularities in the relationships that seem to appear in most industrial
countries—between growth rates of output and capital and labor inputs,
and between factor prices and relative income shares. These are the facts
that a growth model must explain This section summarnizes these stylized
facts and gives some rough numencal estimates for their values in the
Umted States since World War I

LABOR FORCE AND OUTPUT GROWTH

The growth rate of available man-hours in the labor force is fairly steady
over time, that is, L = (dL/dt)/L is roughly constant. Through the 1950s and
the first half of the 1960s the labor force grew at a rate of about 1.2 percent
per year. Subtracting 02 percent for a shrinking work week gave a growth
rate of available man-hours of about 1 percent per year during that period.
During the late 1960s, as the people born during the post-World War [T
“baby boom™ began fo enter the labor force, the rate of labor force growth
picked up. In addition, the participation rate of women in the labor force
also began to rise in the late 1960s. These effects have raised the growth
rate of the labor force by about half a percentage point, so that in the 1970s
the labor force 1s growing by about 1.7 percent per year. With the work
week still shrinking by about 0.2 percent per year, this gives a trend L
growth rate of about 1.5 percent.

The rate of growth of labor productivity in the private sector of the
e y fl with the business cycle. Along trend in the United States
it was fairly steady at about 2.9-3.2 percent per year in the early 1960s.
The growth rate was at the upper end of this range from 19601965 as the
unemployment rate fell and resource utilization rose. From 1966 to 1970
the rate of growth of productivity was lower as the economy reached full
employment and then went through a period of excess-demand pressure
followed by a i inning with the ion of 1969-1970, and
accentuated by the recession of 1974-1975, the rate of growth of produc-
tivity was reduced. It is not clear now (in 1978) whether the reduction in
productivity growth is long-run or simply cyclical. The Council of Economic
Advisers (CEA) thinks it is long run; Perry says it is more cyclical. The
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CEA estimates that for the rest of the 1970s, labor productivity will grow
at about 2.2 percent per year in the private sector. Since the output of the
government sector of the economy is measured essentially as Jabor input,
the rate of growth of labor productivity in the government sector is zero by
deﬁmuon.' With the private sector producing about 90 percent of total real
output, this yields a growth rate of economy-wide average labor produciivity
of about 2 (x0.9-2.2) percent per year. ’

Total potential output in the economy can be defined as the product of
average labor productivity, Q/L, and total labor force,

_[2).
Q'“(f), L. (1)

'_l'he growth rate of output, @, is then the sum of the growth rates of labor
input and productivity:

Q=(Q/L)+L. )

Thus the trend growth rates of productivity and available man-hours give
us the trend growth rate of potential output, Q.

In the 1950s and early 1960s, with labor productivity growing at a rate
of about 2.7 percent annually and available hours growing at about I per-
cent, the growth rate of potential output was about 3.7 percent per year—
somewhat lower in the early part of the period and rising in the later part
of the period. As the growth rate of the labor force, in terms of available
hours, rose from about 1 percent to the rate of about 1.5 percent in the early
1970s, the growth rate of potential output, g, rose from 3.7 percent to
42 percent. The productivity growth slowdown of the early 1970s has
reduced the estimate of productivity growth to about 2 percent. Thus in
the late 1970s, we can expect Jabor supply growth L of about 1.5 percent
per year, potential output growth Q of about 3.5 percent per year, and
growth of output per man-hour input, 4, of about 2 percent per year.

CAPITAL STOCK GROWTH

The second set of stylized facts concerns the rate of growth of the capital
stock and the capital-labor ratio k = K/L. In general, the rate of growth of
the capital stock seems to be fairly steady and greater than the rate of
growth of the labor force. Thus, the capital-labor ratio k is rising through
time. Table 21.1 gives the compound rate of growth of the net capital stock
for all U.S. industries for the period 1950-1975.

Table 21.1
1850-1955 19551960 1950-1865 1855-1970 18701975

K(%) 42 34 39 52 33

SOURCE: Survey of Current Business, April 1876, Table 4, p. 49,
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The sluggish performance of the economy in the late 1950s pulled the
rate of growth of the capital stock down 1o 3.8 percent during 1935-1960,
This reflects the effects of a high level of unemployment on profit prospects -
and investment. As the economy slowly picked up after 1961, the rate of
growth of the capital stock, K, rose to 39 percent in the period 1960-19¢5, |
and as an excess demand boom developed in the late 1960s, K rose even
further. The economic slowdown that started in 1969 and carried over to
1975 has leveled off investment demand and reduced K.

The long-term rate of growth of the capital stock from 1950 to 1975
was about 4 percent, Youghly equal to the growth rate of potential output,
and greater than the growth rate of the labor force. If the capital stock
grows at about 3 5 percent per year in the 1970s, the rate of growth of capital
per man-hour, k, will be about 2 percent per year.

THE CAPITAL-OUTPUT RATIO

The ratio of capital K to output Q has been, historically, a central variablein
growth theory. This will become clear when we discuss the Harrod-Domar
condition later in this chapter. In the first part of this section we saw that
the rate of growth of potential output has fallen from about 3.7 percent in
the 1950s and early 1960s to about 3.5 percent in the 1970s, With the capital
stock growing at about 3.5 percent annually, this would give 2 roughly
constant capital-output ratio, K/Q.

THE PROFIT RATE AND RELATIVE INCOME SHARES

The last important styhized fact is that the profit rate p, defined as the ratio
of profits P 1o the value of the capital stock X, shows no perceptivie iong-
run trend. In other words, p = (P/K) is roughly constant in the long run,
although it shows substantial variation over the business cycle.

If both the profit rate p and the capital-output ratio are tant, then -
the relative share of profits in output must be roughly constant i the long
run, Since the profit share in income P/Q can be written as

P_P XK o)

¢ K¢ .
if p and K/Q are constant, so is the profit share P/Q. Furthermore, lf: the
wage share W/Q is simply 1 — P/Q, then a constant profit share implies 2
constant wage share, and a constant long-run relative distribution of output.
Tt should be clear that this follows from the two stylized facts of (2) a con-

stant K/Q ratio and (b) a constant profit rate in the long run. 4
Figure 21-2 shows the net profit rate—measured by the ratio of net
profits to total stockholder’s equity value of capital—in the United States
corporate manufacturing sector since 1950. There is no apparent trend ih
the profit rate, although it does show a clear pattem of cychcal fluctuation.
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Allowing for the redefinition of the series in 1973, this last stylized fact
stands up fairly well in the 1.S. data.

SUMMARY ON THE STYLIZED FACTS

Here we can pr_ovide a brief summary of the stylized facts, or rough em-
pirical observations, that growth models must explain.

1. The growth rates of potential output and labor input are fairly steady,
with Q > L, so that § > Q.

2. The growth rate of the capital stock is also fairly steady, with & > L,
so that k is also positive,

3. The growth rate of the capital stock is about the same as the growth
rate of output, so that K = @, and the K/Q ratio is fairly constant.

. 4. The profit rate, p = P/K, is fairly constant in the long run. Combined

with a constant capital-output ratio, this implies a constant long-run
relative distribution of output between wages W and profits P.

We can now go on to a briel discussion of the basic assumptions that
go into all of the one-sector growth models, and then to the Harrod-Domar

condition.

Basic Assumptions of One-Sector Growth Models

Growth models are generally based on a combination of three assumptions.

or assumed functional relationships. The first is a uvsually cxogenously

determined labor supply, which grows at some given rate ¢, = L. The

second is a production function, which converts labor and capital inputs at

any given time into output. The third is a saving and investment relation-

©  ship, which determines how much of curreat output will be saved and
" invested to add to the capital stock.



LONG-RUN GROWTH WITH FULL EMPLOYNENT

LABOR FORCE GROWTH

Labor force growth is usually taken as exogenously determined, The labor
force grows at some given percentage rate of growth g, ; so the labor force
at ume ¢ is given by

L= Loe™. ®
In the U.S., the rate of growth of the labor force, g, = L, is about 1.5 pere
cent per year.

When we ntroduce technical progress m Chaptcr 22, in the form of
growing labor productitity, we will introduce it through the notion of 2n
effectice labor um. 1I, over time, each worker is becoming more productive
at the rate J, this can be viewed as if each worker is able to work an in.
creasing number of effective man-hours. Then if E, is the effective labor force
at time 1, we have

E = Le¥ = Lo, @

and effective labor units per man, E,/L,, grow at rate L. If this is interpreted
as the rate of increase of average labor productivity, 4 in the US. is about
2 percent per year.

THE PRODUCTION FUNCTION

The second relationship basic to growth models is the production function
which converts K, and L, inputs into Q, output:

Q= F(K, L) @
Both marginal products 8F/3K and &F/L are assumed to be positive and
decreasing as the relevant input increases.

In general, we will assume the production function is homogeneous of
degree one 1n K and L. This means that we assume constant returns to
scale so that output per man, g, depends only on capital per man, k. For-
mally, a function ts homogeneous to degree A if, for any arbitrary positive
number g, we have

. 0 = F(aL,aK). m
First-degree homogeneity means that
aQ = F(aK,aL).

1f this is the case, we can set a equal to 1/L to obtain the labor-intensive
preduction function,

2 (KA. ; 8]
fl.—L—F 'E.l = fk); ®
£>0,f7<0.
The labor-intensive production function is shown i m Fxpm: 21-3. ts slope

is posune and decreasing, so that f* > O and f* <

o~

~a
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Figure 21-3
L abor-intensive production
function.

£(k)

INVESTMENT AND CAPITAL FORMATION

The last basic building block in growth model construction is the saving-
investment relationship. Since we are dealing with full-employment growth
paths, the static equilibrium equation of saving and investment holds:
S+T=1+60.

From the point of view of the growth process, this equilibrium condition
gives us the link between current social saving S + T—the amount of in-
come not spent on consumption—and total investment, which 15 just the
rate of increase of the capital stock. If we view 7 + G as total social invest-
ment I, which is the time rate of change of the capital stock, dK/d1, then
we have
dK
dr’
as the equation relating saving S to capital formation dK/dt.

The simplest saving function is obtained by assuming a constant frac-
tion s of output is saved and invested. In this case the capital formation

S,=1= (%)

relationship would be

dK
dt
Each period sQ, is saved and investf:;ﬁ, raising K by that amount {rom
period tto £ + L. :

=1,=5= Q. {10)

LT

THE SIMPLE DYNAMICS OF GRQWTH
We can combine the three basic fnctions reviewed above to give @ simplc
intuitive explanation of the growth process. The Jabor force assumption
given by equation {4) or (5) determines Jabor input for any given hme
period t. This labor input, combined with the capital stock inherired at the
beginning of period , produces a flow of output Q. via the production
function. The saving function then determines what fraction of output 1s
invested in period t through an equation like (10}, and this investment
adds to the inherited capital stock to give the larger capital stock that s
passed on to the next period. 1 + 1. That capital stock then combines with
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the larger labor force in ¢ + 1 1o produce an increased level of output (L
The question for the growth models of Chapters 22-24 is whether this
process naturally settles down 10 a stable growth path as seems to be de-
scribed by the stylized facts.

The Harrod-Domar Condition for Equilibrium Growth .

Figoe 214
Harrod-Domar product:on
tunctron: fixed coeflicients
of production,

Kjl)iguilﬂ:rium growth requires that both the labor force and the capital stock

fully employed as the economy grows. Rising unemployment of labor
would, by definition, violate the full-employment growth assumption, 2n4
1t would probably also be ac ied by deficient d d and falling
prices. On the other hand, underutilization of the capital stock would drive
profitsand investment incentives down, reducing investment and the demand
for output. -

The requirement that the capital stock be fully utilized as the economy
grows bnngs us to the basic dynamic process pointed out by Sir Roy
Harrod and Evsey Domar in the early 1940s. The level of investment is
associated with the level of output through the multiplier, while it is also

«© assogiated with the rate of growth of output through changes in the capital
stock) The implications of this relationship for the equilibrium growth rate
of thE economy can be derived in the context of a simple growth model
vsing the fixed-coefficients production function that was introduced in
Chapter 6.

THE FIXED-COEFFICIENTS PRODUCTION FUNCTION

If the economy has a fixed-coefficients technology, so that « units of labor L
and r units of capital K are required to produce one unit of output @, then
the production function can be written as - *

0= min[%. %] an

This production function is shown in the (K, L) space of Figure 21-4.
With fixed coefficients v and a, the production isoquants showing levels of

X

fle

Q0

E3
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output @ are right-angled with corners along the ray from the origin with
slope v/a. If both capital and labor are fully employed. then output @ is
equal to both K/v and L/x, so that K/ = Ljz and K/L = viz. If we locate
the isoquant showing one unit of output, Q, = I. we can measure r and 2
as shown in Figure 21-4.

_ If the ratio of capital to labor in the economy is greater than rx. there
will be excess capital stock, zero profits. and no investment. I KL is less
than v/, there will be unemployed labor in the economy.

SAVING, INVESTMENT, AND THE WARRANTED
RATE OF GROWTH /oo rrag

To investigate the supply and demand relationship leading to the growth
rate that will maintain full employment of the capital stock, we can intro-
duce a net saving function that makes saving a constant fraction s of out-
put. This gives us a capital formation equation
dK € '

I,="2‘I"=S‘=SQ,Z (12)
This relationship can be used to determine output demnanded in the economy
as Q, = I,/s,so that increments to output demanded are given, as usual, by

the muitiplier )
49 _1dl (13
dt. sdt

on the demand side. - )

If capital is to be fully employed. then from production function (11).
we obtain @, = K,/v. Changes in output from the supply side—the incre-
ments that would be produced by a growing capital stock—are then given
by

et = 1, (14)

on the supply side. . - . ]

With full émployment of the capital stock, the growth in output demanded
through the growth in investment, given by cq_uatton (13}, should b;: cqual
to the growth in output supplied due to capital stock growth, given by
equation (14). Thus, for full employment of the capital stock as the cconomy

grows, we have

717;;3—1‘*:—.1,,‘ (15 -
so that the necessary growth rate of investment is given by
dl
i= —:1—?—- = i {16}
] v
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1f the ratio of 1 to @ is a constant, namely s, then I and Q must grow at
the same rate. This means that the rate of growth of output that will main- -
tam full employment of the capital stock is given by *
.
. .S

Q=’=v un

full employment of capital in this model, out ¢
l&5F?ﬂﬁﬁﬁﬁﬁﬁaﬁﬁmﬁﬂﬁmﬁﬁﬁﬁﬁﬁﬂﬁﬁxﬁ‘
to be reahized, or, as Harrod put it, “warranted.” Thus, s/r gives the war.
ranted rate of growth that maintains full employment of the capital stock_)

(.ABOR FORCE GROWTH
Th

N

e rate of growth of output that will maintain full employment of the
labor foree can be obtained almost directly from the production function {31)
plus the assumption that the rate of labor force growth is exogenously given
as g;. To maintain full employment, or any constant unemployment rate,
of the labor force, output @, must be equal to L,/x. Thus the ratio L /Q, is
fixed at «, and the growth rate of output must be equal to the growth rate
of the labor force, g;. So, to maintain full employment of the labor force,

O=L=p. ey

Hwe replace L, in the production l‘unction. equation (11), with effectice
labor, E,, then the production function can be written as

Q, = min [—Ié—f, %] {19

If this is the case, to maintain full employment of the labor force 0, must |
grow at the same rate as effective labor input, so that _ )

O=g, +4 20"
where, as discussed earlier, 1 is the rate of growth of average labor pro-
ductivity. The rate of. vy wth, g, + 1 is frequently called

the natural rate, Tallowing Harrod. )
\_____—g’-’—

THE HARROD-DOMAR CONDITION

The difficulty with this one-sector growth model with both a fixed-coefficients
production function and a fixed saving rate should now be apparent{ For
capital to be fully employed, output must grow at the warranted rate:
Q = s/r. But for labor 1o be fully employed in the case with growing pro-
ductivity, output must grow at the natural rate: Q = g, + 4 Thus for both
capital and labor to be fully employed as the economy grows, we have the
Harrod-Domar condition,) -

s
A==
g+ :



The Basic Neoclassical
Growtih Model

In Chapter 21 we saw that the basic inputs to—or assumptions underlying—
growth models, that is, models of economies that produce a single output ¢
which can be either consumed or saved and invested, are as follows.

1. First we reql\urc an assumptlon concerning the rate of growth of the
1abor force—usually that it is given excgenously. so that L, = Lo

2. Mext we NSt spetify 2 production giving owpw @ asa (\\m\M Qﬁ he
capital and labor inputs, K and L, so that Q, = F(K,,L,). -

3. Fmally we need an explanation of saving and investment behavlor that
gives the change in the capital stock, mv:slmcnt as a function of the
level of cutput. One simple saving
1s a constant fraction, s, oroutput so that dK/dr = I, = §, = 50,.

With a given capital stock and labor force at some initial time #o, the
production function of: assumpnon 2 glVCS the level of output. The investment
bebavior of assumption 3 gives the increase in K from 1, to t, as a function
of the ¢ level of output, and the labor force growth of assumption 1 gives
the change in L from £ to t,. These new values of K and Lin ¢ give anew
level of full-employment output in £, and so on. Thus, the entire model of

growth is embedded in the three ptions concerning labor force growth,
the production function, and i behavmr Formulatmg a SIOW‘h
model in terms of these ption tod g the

of the assumptions for an array of questions such as these: Do 10118 Tun
equilibrium values of output per man, Q/L = g, and capital per man, K/L =k,
exist? If 5o, are these equilibrium values stable? What are the equilibrivm
levels of consumption and investment? What is the distribution of output
between profit and wages in equilibrium?

477
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This chapter will develop the basic neoclassical growth model formulated
. 2y Solow. i %

1. The labor fo.roe growth rate is given exogenously as g, .
2. ’Il'lhe ;;roductlon function is Q = F(K, L), with propertics to be discussed
shortiy.

3. Investment and saving are a fixed fraction of output.

The first section will develop the propertics of the production function that
are important to the analysis of the growth model. The basic reguircment
s that the-functionexhibit-constant returns to scale.

Next we will study the neoclassical growth mode! under conditions of
no technical progress. The analysis of the model is exactly the same with or
without the assumption that effective labor units E are growing relative to

-the labor force L, and the initial exposition is much clearer if we omit this
complication.

In studying the neoclassical model we first sce that the model tends
toward a long-run equilibrium capital-labor ratio &* (a star* denotes the
equilibrium value of any given variable) at which output per man is also in
equilibrium at g*, and Q, K, and L all grow at the ratc g, . Then we investigate
the distribution of output between consumption and investment and the
implications of the model for factor payments—the wage and profit rates—
and income shares.

In the next section we will introduce technical progress_in_the form of

We". The analysis will follow exactly the same

lines as that of the model without technical progress with E replacing L
throughout. Finally, we can, in a nonrigorous fashion, relax the assumptions
of constant returns to scale and of exogenously determined population
growth to illustrate cases of multiple equilibria. These include the case of
the low-level equilibrium trap which may be relevant to underdeveloped
countries.

The Constant Returns Production Function

The neoclassical growth model is built on a production function with con-

stant returns to scale, capital and labor substitutability, and diminishing
marginal productivities. The production function,
g = F(K.L). n

is homogeneous of first degree, or, to put it another way, it exhibits constant
returns to scale. This means if all inputs are changed proportionately, then
output will change by the same proportion. In other words, the function

can be written as ,
a0 = F(aK,aL). {2
If K and L are doubled (a = 2). then output will also double, This is what is
meant by the assumption of constant returns to scale.
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With this assumption, we can write the production function in 2 very
handy per capita form. If we let a = 1/L, then we have

e=2- F(% 1) =\f(—',§) ) o

‘This gives output per man as a function of capital per man alone, Increasing
mtiam ‘vyinereasing K-and E-proportichate|y will not change
Q/L. Thus there is no gain in Q/L from increasing both labor and capital
as long as the K/L ratio k is the same because the production function ex-
hibits constant returns to scale. The per capita production function (3) is
shown in Figure 22-1. The marginal productivity to increasing the K/L
ratio is positive, but diminishing. That is, f'(k) > 0, /*(k) < 0.

An example of a constant returns to scale, diminishing marginal-
ductwvity function is the familiar Cobb-Douglas function:

Q =bK°LI™* 0}
Here homogeneity of degree one, or constant returms to scale, is ensured by
making the coefficients of K and L sum to unity. The reader should verify

this by seeing what happens ta @ if K and L are multiplied by 2. This pro-
duction function can be put in per capita terms:

apl-e o « R
N N
We can pute the inal prod "\_ri-, ofk: -
Btpk & ok, ©
which is positive. The second derivative,
aMPR) _ g
ok &2

Uhala— 1z, m

is negative since « < 1. This shows that the MPk is decreasing with additions
10 k, that is, the production function of Figare 22-1 is concave downward,
as shown. .

I vy

«

q

Figure 22-1
Per capita production
function




el

“THE BASIC NEOCLASSICAL GROWTH MODEL \ 475

Figure 22-2 .
The relationship of k and v,

(1] kl * kz

Introduction of the neoclassical production function with the possibility
of substitution between capital.and labor inputs gives us a way to rary the
capital-output ratio as the growth process proceeds. Each point on the
production function of Figure 22-1 determines a ratid of g to k:

~L_¢
.___-K'_ 8

_ which is the inverse of the capital-output ratio ¢. Thus, the slope of a ray
from the origin to any point on the production function determines the
capital-output ratio at that point; the slope of the ray is given by 1/r. As
the economy moves out along the production function with k increasing
from kg to k, to k, in Figure 22-2, the capital-output ratio increases from 1
to v, to v,. This is because the labor-intensive production function of Figures
22-1 and 22-2 shows diminishing returns to increases in k.

Recall from Chapter 21 that the basic difficuity with the Harrod-Domas——

“model is that it is overdetermined: s, v, and g, are all given exogenously,
so that only by coincidence could the cquilibrium growth condition g, =

s/v be met. Introducing-the-neoclassical-praduction function gives us a way

tWQ@MzMMM@MMLﬂmd«
W

Equilibrium Growth in the Neoclassical Model
Wecan nov;v ask whether the production function described in labor-intensive

" form in equation (3), taken togetherivith the exogenous growth of the labor

force, ‘
T L, = Lo, 9}
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and the saving-investment assumption,

dK
i =5, =50, {10)

yiclds a dynamic system that tends toward equilibrium values of the capital-
labor ratio &, output per man g, and the capital output ratio v. We begin
by developing the equation for the growth rate of the capital-labor ratio k.

THE EQUILIBRIUM CAPITAL-LABOR RATIO

Focusing on the capital-labor ratio, we want to see if there is an equilibrium
K/L ratio k* toward which the economy moves, whatever initial capital-
Iabor ratio k, it begins with. If there is, this implies that the economy moves
toward an equilibrium growth path as it moves toward that K/L ratio k*,
and then grows along that growth path if that k* is a stable equilibrium.
Along that growth path, the values of k and g would be constant at k* ahd
g*, so that capitat and output would both grow at the same rate as the labor
force.
Writing the k ratia in logarithmic form gives us

Ink,=InK,~InL,. {11}

Differentiation of this expression gives us the equation for the proportional
growth rate of the capital-labor ratio, -

)
dt dt dt N N
=2 -f-Tek-L, i)

where, as usual, a dot over a variable denotes the proportional growth rate
of that variable. s K i

Since the numerator of the K term in equation (12) is investment which
is in turn equal to sQ, and L is given exogenously as g, , we can rewrite (12) as

s .
=R-a o
Dividing both 0 and X by L then gives us ,
- " s . k]
L (13

as the fundamental differential growth-rate equation in terms of the capital-

o~

labor ratio k. This equation gives k, the rate of growth of k, in terms of the

level of k itself. ., "

The equilibrium capital-labor ratio is that value of k which makes k
equal to zero in equation (13). If k reaches that value, it will remain there,
since k will then be zero. We can fitd the equilibrium value, k*, by sctting
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k in (13) equal to zero, so that

k*
il‘(\_‘;) =4dL (14)

-

defines k*.

) The solution of equation (13) for the equilibrium value k* is shown in
Figure 22-3(a). The equilibrium condition (14) can be rewritten as

g* = fUn) =T g, s
Figure 22-3(a) shows the production function, g = f{k), and a ray through
the origin with slope g, /s. At the k value where the two lines cross,
3L DAL
f(’\) = S A or k - gL‘
so that k = 0, and that value of k is the equilibrium value k*.

EL

<k

(k)
g - s
1
!
1
f
!
t
1
I
|

l. ) k

k
{(a) :
1
]
. !
k i
- 1
1
1
1
i
i
1
1
: |

N 1 k

- Figure 22-3 )
Neoclassical growth -

#quilibrium.” : (b)
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Figure 223
Equilibrium capital-labor
raho

Tt remains to be determined whether that equilibrium point is a stable one.
Will the economy move to that k* point and stay there, if it begins at a
different K/L ratio? The answer is yes.
By inspection of Figure 22-3(a) we can see that to the left of k*, where
k < k*, f(k) > [(gr/s)k]. This means that
sfik
ll(c—) > gy !
and from equation (13) we can see that in this case k> 0,50 thatkis increasing
if k < k*, To the right of k*, where k > k*, and
sfik;
_,g—) <G
k < 0 and k is decreasing.
Thus the economy will indeed move toward the k* equilibrium where
k = 0 from any initiaily given capital-labor ratio Aq. This stability is shown
by the phase diagram in Figure 22-3{b), which plots k against k. To the et
of k*, k > 0 and kis increasing. To the right of k*, k < 0 and k is decreasing,
At k*, k =0, so that the economy stays at k*. Thus the system is stable.
This analysis shows that an y which maintains full !
of capital and labor and is characterized by our three assumptions concerning
labor force growth, the production function, and investment behavior, will
move toward some equilibrium capital-labor ratio k* from its initial & ratio.
Onoe it reaches its k* value, which is determined by g;, s, and the shape of
ihe [.;\r‘oduction function f(k), capital will grow as fast as labor to maintain
at A% N
One way to describe this movement graphically is shown in the capital-
labor space of Figure 22-4. There the equilibrium capital-labor ratio k* is
descnibed as a ray from the origin with slope k*. If the economy begins with
ko < k%, for example at point 4, as labor grows at its exogenously determined
rate, investment is sufficiently large to raise the capital-labor ratio toward
k* as both K and L grow. When the capital-labor ratio reaches k*, the
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capital stock i§ large enough that it takes all of the investment generated
by sQ to keep it growing at the same rate as the labor force, so & stays at k*.
If the economy somehow began at point B, the investmeni “gencrated by sQ
would not even suffice to keep K growing as fast as L;so kwould fall toward
k* as K and L grew. Eventually the economy would reach equilibrium k*
where the capital-labor ratio would be constant and K = . = g;-

From the production function we see that when & reaches A°. output
per man q also reaches an equilibrium level g*. With output per man con-
stant at g*, output is also growing as fast as the labor force so that 0 = L =
g, also. This model thus explains the convergence of the economy toward a
steady growth path where Q = K and the capital-output ratio ¢ is constant,
but it is not consistent with the stylized fact that both 0 and K are greater
than L. This discrepancy can be eliminated by adding a technical progress
factor to labor force growth, giving an effective labor force growing faster
than L. We will return to this point after completing the development of
the basic no-technical-progress model.

7z

THE EQUILIBRIUM CAPITAL~OUTPUT, RATIO
The equilibrium condition (14) can be rewritten as
k*
g _SIk1) _ 1 (16

s k* v*

This is because f(k*) is just equilibrium output per man; dividing it by capital
per man gives equilibrium Q/K, the reciprocal of the equilibrium capital-
output ratio v*. Thus, the neoclassical model with a production function
that allows v to vary explains how the ecconomy moves toward the cquilib-
riurh capital-output ratio v*, which then tends to remain constant through
time.

Again rewriting the equilibrium condition we have

2, (17)

gL=U,

the Harrod-Domar condition for balanced full-employment growth. By al-
Jowing v to vary, the ncoclassical model explains how the economy will tend
toward a growth path along which the Harrod-Domar condition Is met.
Thus the observed, roughly constant, capital-output ratio ¢* can be viewed
as the result of an equilibration process that brings it cqual to sfg,, rather
than as a necessary technological assumption{

THE ROLE OF THE SAVING RATE

The equilibrium condition shown in Figures 22-3 and 22-4 assumcs & given
saving rate, which fixes, along with g, the slope of the g, /s line in Figure
223 and thus determines the equilibrium k*. Figure 22-5 shows the cffects
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T =k ‘—‘l:
£(k)
q: e — ———
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: i
'} ISR
b 1 i}
|
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|
!
Figure 22-5 —-—H. ¥
The saving rate and k° >4 k}

Figure226
Equilibrium growth path.
increase in the saving rate

on k* of an increase in the saving rate from s, to 5. The g, /s line is rotated
down, increasing k* from k§ to kt.

With k at the mmal equilibrivm level kg, the increase in the saving rate
from sy to s, bly the government eases mone-
tary conditions, to increase I to maxch the exogenous drop in C—above
the level needed 1o keep K growing as fast as L at k§. Thus the capital-fabor
ratio begins to rise toward the new equilibrium k' level, where, once again
growth of that larger capital stock at the rate g, will absorb 5,0 of investment.

The departure from one equilibrium level of k, k3§, and movement to-
ward another, k¥, means moving from one trend growth path toward
another. This is illustrated in Figure 22-6, which shows the growth path of
Q through time. At time f, there is an increase in the saving rate from so
to s,. This causes the system to begin moving toward a higher equilibrivm
&*, k¥, which in turn brings a higher ¢*. Thus, the saving rate increase shifts
the equilibrium growth path in Figure 22-6 up, bringing 2 transitory penod
of oulput grow!h at a faster rate than g, as output per man rises from 4§
toward gt in Figure 22-5. The new equlibrium k} is reached at time ¢,
and the economy moves along a new trend growth palh with the same slope,
or growth rate, as the earlier one, equal'to the growth rate of the labor force,
but one with a higher level of Q due to thé saving rate increase.
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{ e
H

Figure 22-7
Equilibrium per capita
Investment and
consumption.

INVESTMENT AND CONSUMPTION IN EQUILIBRIUM

To study the imp]ication; of the neoclassical model for investment and
consumption, we can rewrite the equilibrium condition, {14), as

Sf(k*) = g, k7. (18)

All we have done is to multiply both sides of equation (15) by the same
constant, s, which in graphical terms means simply shifting the two functions
J(k} and (g, /s)k down by the same proportion s, as shown in Figure 19-7.

Since I = sQ, and q = f(k), we know that investment per man, //L. is

given by
I 50 .

Thus, the sf(k) curve in Figure 22-7 shows investment per man for any given
level of k. Then if f(k) gives output per man and sf(k) gives investment per
man, the difference between the f{k) and sf(k) curves in Figure 22-7 must
be equal to consumption per man at any given k.

The g,k line in Figure 22-7 gives the investment per man needed to
increase the capital stock rapidly enough to preserve any given capital-
labor ratio, such as k,, with a growing labor force. This is true for all levels
of k, not just equilibrium &* levels. This can be seen by noting that to main-
tain k constant, K must grow as fast as L, or K = g,. But K is given by I/K.,
so that to maintain k constant—again, for any given k—we require that

“I
gL—K'
or
I——:K'gL.
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Dividing by L converts this condition into

I Kt
L—L!JL—!]L,

it

so that the g,k line shows investment per man needed to maintatn any givey
capnal~labor ratio A.

At Ay in Flgurc 22-7, 1otal m\estmcm per man, sf(R), is generated a
fevel a, while in per man req in ko, gk, is atlevel
Thus at k, investment per man is greater than that required to keep £,
constant so that & is rising; A > 0. As k increases, the amount of investmeny
needed to maintamn h increases proportionately. But since there are diminish.
g q returns to increasing , and investment is proportional to g{I/L = sq),
as k increases total investment per man rises less than proportionately. Thus,
as k rises, the gap bctween sf (kyand g;4 in Flgure 22 7—wh1ch isthei imeyt-
ment per man avail the k rati ly the
economy reaches the lcvel of k where it takes all the In\eslm:nl gcnem-d
by sf1 (‘l:) tokeep K = g;,s0 that sf(k) = g,k,and k has reached the equilibriun
level

An increase in the saving rate would shift the sf(k) function of Figure
22-7 up and the (g, /s}k function down, increasing k*. With a higher s, in-
vestment per man would be greater than that required to maintain the old
k*, so the economy would move toward a new, higher k*, that is, toward
a hxghcr trend growth path. E lly, however, diminishing returns cause
the economy once again to reach a point where k = 0,and K = 0 = L=g
atong the higher growth path of Figure 22-6. ?

WAGES, PROFITS, AND RELATIVE SHARES,

Finally, we can develop the implications of the neoclassical model for the
price constellation—the profit rate p and real wage rate w—and dlSlrlb“UUﬂ
of output to factor income shares with petitive pricing

The constant-returns-to-scale production function can be written a¢

o1 (~) = L, o
as was shown eatlier in equation (3) The profit rate, Of return to capital, p,

in a competitive economy with constant returns is equal to the marginal
product of capital, the MPK. Thus, for the profit rate p we have

p= MPK_—g Lf() LY

or, canceling the L terms,

=1 e
That is, the profit rate is simply 1hc slope of the per capita production
function.



~
4L BASIC NEOCLASSICAL GROWTH MODEL 483
3 L

* The return to labor, or real wage rate. in a compelitive economy, is
equal to the marginal product of labor, the AMPL. Thus we have ’

-~ g , A
w=MPL=2 _10(8). (LK), (K
: aL f(L )T}

7/

or
o w = f(k) — Af(k). (22)
This simply says that
wages
on = f(k) — kf (k).

But f(k) is output per man, k is capital per man, and the profit rate is profits
per unit of capital, so that (22) says that

wages output capital profits
man man man  capital’

or
wages output profits
man man man ’

which must be true if wages and profits add up to total output.

The relative income shares of capital and labor in equilibrium at k*,4*
are shown in Figure 22-8. In equilibrium at k* = (K/L)*, output per man is
given by (Q/L)*. Profits per man, P/L, are the product of K;L and P/K, but
P/K, the profit rate p, is given by the slope of the production functionat A¥.g*.
Thus, the graphical representation of (K/L) - (P/K} is given by the difference
between (Q/L)* and the g-axis intercept of the tangent to the production
function at k*, g*, which has slope p. In equilibrium at k*, 4*, profits per man
are given by P/L in Figure 22-8. The difference between .Q/L and P/L is

q
fL
=k
= k
(g)w _ f(k)

L/ A - 4

P Slope =p -~ P

T - |L
R | ey |
N e e o e fl e e 5.
' i
{
t
w |
. L H
. |
Figure 22-8 i

7 Relative shares of capital v ‘ k

and labor in equilibrium at (5_}'

k. - . L
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wages per man J¥/L, as we just saw. This gives us the equilibrium distributy
of output between profits and wages shown in Figure 22-8. Once theecong:
reaches the equilibrium &*,4* point, the distribution of output per 5y
between profits per man and wages per man is constant. Thus, the |
classical model without technical progress explains the constancy of rela
income shares. We will see shortly that this is also the case after we inrody
technical progress into the model.

The Neoclassical Model with Technical Progress

Earlier we saw that the basic neoclassical growth model without tech;
progress produces the result that when the economy is growing along
long-run trend equilibrium growth path, output and capital grow ati
same rate as the labor force, that is,

G=K=L=g,.
These results, however, are not in accord with the stylized f3ds of gro:

which indicate that capital and output tend to grow at the'same rate, |
faster than the labor force, so that in fact,
K=0>L=g,.

To reconcile this difference, we can introduce technical progress ints
picture n the form of a rate of increase in fabor productivity, exogenol
determined. Thus we can redefine the labor force in the neoclassical Sol
model as the effective labor force E, including not only the number of work
but also an element of technical improvement, Assume that the labor f¢
grows at the rate g;, and effective labor units per man grow at the rat
Ths gives us

E, = Le" = Lottt = Loelot* [

Effective man-hours E, grow at the rate g, -+ 4, and the ratio of E,/L, gn
at the rate 4.
Next we can restate the preduction function in terms of K and E:

0, = FIK,.E), !
where all the properties for F(K, L) still hold, except that E is now substit
for L. L .

H 4

GROWTH EQUILIBRIUM WITH TECHNICAL PROGRESS

We can now repeat the entire analysis of the growth process substitutia
for L. Beginning with the production function, we have
K
q =F~ Lfe;—f(l‘e‘;,) =Sk
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O

e

ik where kis now defined as K/E. Next, since k = K/E 1 t

. = K/E. we obtain the expres
? for the growth rate of £, " the expression
¥ k=K-E {26}
) . A Si{lce E = Le* = Lye-**", the growth rate E s exogenously given as
4 : g1 + 4, so that (26) can be rewritten as

:sQ .S . sfik
k=“}?—(gz.+L)=f—(gL+/.)=i’(:_—~)—(£7L+/i}. 27

{ The equilibrium value of k, k*, is again obtained by setting & in equation (27)
equal to zero. so that at k*,

=g, + L {28)

We can locate equilibrium k* graphically in Figure 22-9 by rewriting the
equilibrium condition (28) as

oy =22 (29)

The ray from the origin in Figure 22-9 now has a slope (g, + 4)/s. while in
Figure 22-3 the slope was g, /s since there it was assumed that 2 = 0. The
point of intersection of f(k) and [(g, + 2)/s}k in Figurc 22-9 gives us the
stable equilibrium values for k* = (K/EVtandy? = (Q/E)?,
At the equilibrium value k*, the ratio of capital to E is constant, so that
‘ , along the equilibrium growth path,

K=E=g, +/, {30)

and the ratio of capital to labor grows at the rate A. Equilibrium A* determines
an equilibrium value of output per ¢ffective man g at g* in Figure 22-9. If
the ratio of Q to E is constant along the equilibrium growth path, then

Thus, with £ defined as Le¥, we explain the stylized fact that 0 and K
—are equal, and both exceed L by 2, which is now recognized as the rate of

growth of labor productivity.

igure 22-9
stowth equilibrium with
2chnical progress.

P \gr\e S
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The analysis of the distribution of output between investment and “‘*’1
sumption, and the result that the stability of the equilibrium &*,q* soluties !
comes basically from the fact that the level of investment needed to m:in!ai:",
any given & ratio grows proportionately with A, while the actual level o
investment increases less than proportionately with & since f"(k} <0, ar
both exactly the same in the technical progress case as before. The fact ha)
the relative income shares of labor and capital are constant in the mode)
with technical progress probably requires some ¢laboration, however.

INCOME SHARES WITH TECHNICAL PROGRESS

Turmng to the relative shares of capital and labor, we find that this technica! :
progress model leads us back to the wage-price guideposts discussed in’
Chapter 17. The production function given in equation (25) can be winttenas.

Q= Ef(%) = Le"f(%) = Le“f(h). i3]

Differentiation of the middle verston of (32) with respect to K gives us the
MPK, or, under competitive conditions, the profit rate,

1Y . WO N (X S B
p=re=LeY (’LF) Le"’/(Le")“““‘ By

so that the profit rate is equal to the slope of the production function i
Figure 19-9, which is constant in equilibrium.
The wage rate is given by differentiation of ¢ with respect to Lt

NS I ST R S e
w=a T f(u") ( &)t eIn
Simplificavon of this expressign gives us
w= AR —kR)] (34
for the real wage w. .

1n equilibrium, the value of A is constant at A%, so that the real wage
rate grows at the rate ;, which is the rate of growth of average labor pro-
ductivity, @ — L. Thus, the wage guidepost that the aggregate real wagerate
should grow at the same rate as productivity is consistent with a neoclassical
growth equilibrium with technical progress .

The capital share of income is given by the product of the profit rate p
and the capital stoch K. while w- L gives the labor sharé. Thus to sec
whether income shares are constant in the technical progress model, we can .
ash whether the ratio of pK to uL 1s constant. In equilibrium we found

K
jra

K
== =A%
E ks,
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. a constant. This means that K/L = k*¢, and. as we have secn, the capital-
3 4 labor ratio grows at the rate / in equilibrium. Combining this with expres-
: sions (33) and (34) for the profit and real wage rates respectively mﬁ
noticing that the ratio of the capital share to the labor share is gi\fcn‘ by
pKjwL = (pfw) - (K/L). we have " '
§5 _ K share _ FEISS . s
S, Lshare  e*[f(k*) ~ k*fh*)] TRE (
Canceling out ¢” yields the result that the ratio of the capital share to the
labor share is constant at the equilibrium K/E ratio k*. If the ratio of the
wage rate to the profit rate grows as fast as the ratio of K to L. the two
movement cancel each other out and relative shares remain constant.
Thus, by adding a factor for technical progress. we have explained al} of
the stylized facts of growth. Capital and output grow at the same rate.
gr + /, so the capital-output ratio is constant. The K and Q growth rates
both exceed L by 4. so that K/L and Q/L both grow at the rate 4. The profit
rate is roughly constant, while the real wage grows at ratc .. This leaves
relative income shares constant.

35

Multiple Equilibria in the Neoclassical Model

As noted earlier, the neoclassical model, suitably modified to take account
of technical progress, seems to be generally relevant to the developed, or
industrial, economies, since the assumption of constant rcturns to scale and
the maintenance of full employment, at least since the 1940s, may be gen-
erally valid in those economies. However, we know that not all economies
share these characteristics. In developing economies there is a much wider
scope for increasing returns to scale. This would change the shape of the
production function and lead to the possibility of multiple equilibrium
positions. Also, it is possible that the rate of growth of the population may
depend on the level of per capita income, so that g, depends on g and k.
This would also lead to the possibility of multiple cquilibria.

INCREASING RETURNS TO SCALE

Earlier in this chapter we saw that the equilibrium A* is stable because the
production function cut from above the g, /5 ray from tt}e origin. mecc }hc
production function assumed diminishing g returns to increases 1n c:apna!
per man k as k grew, ifvestment grew less than proport'ionmc!y while the
level of investment required to maintain k grew proportionately. Thus, the
cconomy eventually, with diminishing returns to k increases, moved to 2
stable equilibrium, &*. ] ]

If the production function exhibits increasing returns 10 scale, due, per-
haps. to the nced to provide social overhcad capital~—roads, ‘dams; ;znd S0
on—the production function could have the shape shown in Figure 22-10¢a).
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Figure 22-10

The neoctassical model
increasing returns to scale
and phases of growth

)

Output per man could grow with increasing returns to the capital-labor
ratio A at low A levels—f"(k) > 0—and as A rises eventually reach a point
of dimimishing returns where f*(A) < 0 Thus, the production function could
have two wntersections with the g, /s line, cutting it from below at a los
A level, k**, and from above at a higher & level, &*, This gives us two pos-
sible equilibrium X levels, but only one is stable.

Where k < A** 1n Figure 22-10(a), f(k) < [{g./s)k] Thus,

- k

and we know from equation (13) that & <. Using similar reasoning for
each portion of the production function, we can derive the phase diagram
shown in Figure 22-10(b). The implication of the phase diagram 15 that, if
the economy begins at a point where k < k**, k will decrease toward zero
and the economy will, in some sense, disappear, This point, A**, is a low
unstable equilibrium point. If somehow the economy could be pushed over
that point, it could then move to the higher, stable equilibrium level at A%
This model suggests that 1f the saving ratio could be increased temporarily,
the low unstable equilibrium point could be done away with, and the eco-
nomy would grow toward the upper, stable, equilibrium A*.
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Figure 22-11

Variable population growth
rates and the “fow-level
equilibrium trap”.

VARIABLE POPULATION GROWTH

A more interesting model can be developed by introducing systematic
variation 1n the rate of population growth as g and k change. We will
assume that at a low level of output. g, is very low. As output begins to
grow above a subsistence level, g, begins to increase quite rapidly. At a yet
higher level of output, g, begins to slow again. This patiern of g, variation
is shown by the curve with slope g, /s in Figure 22-11(a). which also shows
the original production function. g = f{k); f7(k) < 0.

Again the model has at least two equilibrium points, k** and k*. By
examining the two functions with reference to the equilibrium condition
given by equation (13), we can derive the phase diagram of Figure 22-11(b).
It tells us that the low-level equilibrium £** is now stable. This is what
Nelson has called the low-level equilibrium trap. If the economy begins with
any k lower than k*, rapid population growth with rising income cnsures
that k will move to the stable equilibrium level A**. But if the cconomy
can initially rise above k*, getting out of the trap, it will continue to expand
indefinitely, unless there is a third equilibrilm point associated with sup<r-
affluence and higher population growth rates.

This model gives a basic rationale for the theory of the big push in
economic development. If saving rates could just be increased sufficiently,
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Yarying Saving Assumptions

In Chapter 22 we saw that the basic neoclassical growth mode! with 2
technical progress factor augmenting the effective labor force tends toward
a long-run equilibrium growth path on which the ratio of capital to effective
labor units K/E = k, and the ratio of output Q to E. g, approach equilibrium
k*,g* values, so that both capital and output tend to grow as fast as the
effective labor force E. With the effective labor force E defined as

E = Le¢" = L™, {n
E grows at the rate g, + 4. so that in cquilibrium at &%, 4°,
Q=k=gl.+;" ‘2)

giving a growth rate of output per man and capital per man equal to 4, the
technical progress fuctor. In long-run equilibrium the profit rate is constant,
and the real wage rate grows at the rate 4. With K/L growing at the same
rate £, relative shares of output are constant in cquilibrium, since

K share of output - p___I\_ — constant, (3)

L share of output  wlL

-with w/p and K/L both growing at the same rate. Finally, we saw that the
equilibrium growth path is .balunced. with investment and consumption
both growing at the natural rate g, + A

These results came from the simplest one-sector—meaning that the
economy has only one output that can be cither invested or consun1ydw
neoclassical growth model built on the following three basic ussumptions:

1. The effective labor force E, grows at the rate g, + 4 as shown in equa-
tion (1).

491
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2. Total output O, depends on capital K,, and effective labor E, inputs
according to the production function,
Q, = F(K,,E). )
The production function is homogeneous of degree one, or exhibits
constant returns to scale, so that we can divide by E, to obtain the
Iabor-intensive production function,
&, X,
q.EE'=f E’ =fk) . )
3. Saving, which equals investment by the assumption of full employment,
is a2 constant fraction s of output, Thus,
dK
G oh=s=s0. ®
q ey
. = £(k}
q
i
i
t
|
b e
[
= k
@ 1 Y K
k
k
NS—
Figure 23-1

Neoclassical growth
equilibrium

(L]
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These three basic assumptions arc combined in Chapter 22 to obtain
' the basic dynamic equation of the neoclassical growth model.
ST i
L g + L) {7}
This equation can be solved for a stable cquilibrium &* value for &
where k = 0. This equilibrium k* value can be obtained by sciting & in
equation (7) equal to zero, so that )

Sty =22

defines the equilibrium k*. This solution to equation (7) is shown graphically
in Figure 23-1. The production function, f(k), in Figure 23-1(a), gives the
level of g for each value of k. The straight line showing [(g, + 4)/s]k for
each value of k has the following economic interpretation.

At any given k level, for example k, in Figure 23-1(a), the amount of
investment per effective worker needed to maintain &, is equal to (g, + 2}k,
Why is this so? To maintain a given K/E ratio k, with E growing at g, + 2,
K must grow at g, + A But this says that to mainrain any given k,

dK
dt

<= (gL + 7).

Since I = dK/dt, this means that I/K =g, + 4, so that I = (g, + 2K, and
I . -
BT (g + 72) E

={g, + Ak . {8)

where we write é’ to denote the I/E ratio which holds k constant.

i , e
Now if ] = s0, so that Q = I/s and ¢ = [(1/E)/s]. and if investment per
effective man needed to maintain any given value of k is given by (8}, the
level of output per effective man nceded to maintain any given k can be

found by dividing (8) by s:
LIV gty )

c o] = e

i s Ej s

Thus, the q values given along the [(g, + 2)/s]k function give the output per

effective man neceded to maintain the corresponding k ratios constants as
ws through time.

g g'rf(;lis analys?s shows why the equilibrium A*.¢* is stable. Left of &*, out-

put per effective man ¢ exceeds the output fevel needed to mmmmn’zhc

k ratio constant. Thus to the left of k* xhgrc 3§ gnough investment hoth 5?

equip cach new E unit with the existing K/E ratio and to increase the K/E

H
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ratio; in that case L > 0 and k grows. To the right of k¥, there is not even
enough output per effective man to outfit each new woxkex, or, to be precise,
E umit, at the existing K/E ratio, given 5, so k falls. At k*, the q* level actually
produccd is the ¢ which yields just enough investment, given s, to main-
tain k constant as E grows. Thus at k*, k = 0, and the system has reached
a stable equilbnum. This stability is shown in the phase diagram of
Figure 23-1(b).

Once we have found an equilibrium k*,q* that is stable, we can, as-
suming that the economy is competitive, dxﬁ'erentxate the production func-
tion with respect 10 L and K to obtain the marginal products which will be
equal to the real wage and profit rates. These, combined with equilibrium
K/L, give the relative shares of output, and, observing that

consumption

& =1 - 9fk)

we can obtain the distribution of output between consumption and invest-
ment at the equlhbnum k* \evcl

This chapter will i gate the of ch the saving
assumption 3, above. The basic neoclassical model assumed that saving 1§
a constant fraction of output: § = sQ. Here we will consider three different
saving assumptions. The first is the classical sating function in which s = s(p);
5" > 0. In this case the saving ratio declmnes as the profit rate, which mea-
sures the future return to saving, falls The second alternative assumption
1s the Kaldor saving function, m which

I
E= sftky  and

S=5,W+5,P;1>5,>5,>0

Here the percentage of profits P which 15 saved, s,, exceeds the percentage
of wages W which 1s saved, s,. Fma]ly we will consider the saving behavior
- smphoit in the Ando-Mod ption f

C=u°W+zx,K;l>ao>1‘>O.

In this case consumption depends on labor income and consumer net
worth, which m this stmple model is the capital stock.

TEach of ihese saving functions, combined with the E growth assumption
and the production function, will yield a stable equilibrium k*,¢* which is
consistent with the stylized facts of Chapter 21. Seeing how the models are
developed and what role the saving ratio plays m each will improve our
understanding both of how the growth models work and of useful ways to
view and manijpulate the models

The Classical Saving Function

The classical saving function makes the saving ratio s a function of the
profit rate p. If the reason for saving and investing is to increase future
consumption possibilities, one might expect that as the rate of return on
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-

mvestment—which equals saving in full-employment equilibriem—falls
‘ with a nising K/E ratio, the rate of saving would fall since the future con;
sumption payoff would be reduced. We should note that this assumes that
the subst}tutlon effect of a lower return on saving outweighs the income
effect which would tend to increase saving to maintain a given future con-
sumption stream. The classical saving function, under this assumption, can
. be written as ‘

s =s(p): >0 {1

THE EQUILIBRIUM K/E RATIO

Cpm}:ining this saving function with the constant-returns production func-
tion in K and E,

K
‘I—f(-E—)=f(k). (1

and the exogenously determined rate of growth of effective labor E, given
by
we can construct the expfession for the rate of growth of the K/E ratio. k:

P .. sQ . S(p ik
k=K—(g+ =2 (g, + 5=1000
K k
It is important to notice here that the key saving variable is the ratio of
saving to output, given in equation (10) as s(p). Later. when we introduce
more complicated saving functions, we will sce that the main analytical
trick is to manipulate the saving function into a form where the saving
ratio is a function of k. This has alrcady been done in equation (13), since
p =110, ‘ _ ,
_ Equation (13) can be solved for the equilibrium K/E ratio, k* by sctting
k = 0 to obtain

~ (g, + 4). (13)

k* ;
) 4,
or -
g, + 2
T (14)
Sk s(p)

as the equation which determines k*. This equilibrium condition is similar
to that of the basic neoclassical model:

Stk = ..____"L: %

except that in equation (14) s is an increasing function of the profit rate.
How does this change affect the determination of the existence and stability

of the equilibrium k*?
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This question is graphically in Figure 23-2. There, in Figure
23-2(a) the g = f{k) function is the same as that of Figure 23-1, Byt 1pe
[(g., + #)/s]+ function is now convex instead of a straight line. This i
because as A increases, p = f°(k), the slope of the production function, fuy
due to diminishing marginal returns. This decteasing p causes s to faf] ¢
k nses, since s'{p) > 0. The falling saving rate in turn causes the (g, +d
slope to rise with increasing A, giving a convex shape to the [(g, + )k
function, as shown in Figure 23-2(a).

Earlier we saw that at successively higher values of &, it takes propor-
tionately hightr levels of J/E to maintain the existing k ratio. Byt if the
saving ratio is falling with increasing , it will take increasing increments 10
Q/E to provide the proportional increases in I/E needed to maintain the
existing k as E grows. Thus the [(g, + 2)/s(p)]k function, which gives the
output per effective man needed to preserve any given &, has an increasing
slope due to the falling s as % rises and p falls. Since the f(k) function hasa
decreasing slope throughout—it is concave downward—and the {(g, + 1)/
s(p)Jk function has an mcreasing slope, they intersect once at the eqyi-
fibrium k*,g* point shown in Figure 23-2(a).

This classical saving function ensures the existence of a stable equilibrium
A*,g* in the one-sector model, as Figure 23-2(b) shows. To the Jeft of &,
where k < k*,

s> A

slp)

so that k >0, and k is increasing, as is shown in Figure 23-2(b). With the
opposite results for k > k*, it is clear that A* is a stable equilibrium, Thus in

k  and %>ﬁ+&

q RiALY
2k

\ x
Figure 232 ' \; .

Equilibrium with classicat
saving function (5]
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steady-state growth with the classi 3 .
ssical saving function we have 2 consta
k* and q*y SO that ~ L ONsiant

OQ=K=g, +i T

and output per man and capital per man both grow at the rate ;.

/e

j

FACTOR RETURNS AND INCOME SHARES

The valpes of the_ profit an_d wage rates can, as usual. be obtained from the
production function, equation (5), which can be written as

K .
Q = Le“f(LC’H>. ”(}j

T_o obtai.n the proﬁ.t rate, P/K. assuming the economy is compatitive, we can
differentiate (16) with respect to K:

cQ ; 1
= Le*f"(k) - —— = ["{k). 7
> (k) o7 Tk (17

i
o

<l

[w )
7-

p:

Al

Again the profit rate is given by the slope of the production function. At
k = k*, the profit rate is constant at p* = f"(k*).
Next, to obtain the real wage rate w, we can differentiate {16} with respect
toL:
w X
—L—aw=e’“[Lf’(k)-<—~L—}l—~>+f(k)} (18}

2 it
(<4

= [ f(k) — kI '(K)] = ¢*f(k) — €'k (k)
_ output capital profits
" man man capital’

At k= k* w = e”[ f(k*) — k*f'(k*)]. so that w grows at the rate i with
J(k*y — k*f'(k*) constant.

Thus, in long-run growth equilibrium, with the classical saving function
and the neoclassical production function, the profit rate is constant and the
wage rate grows at the rate of growth / of output per man. Two things
should be noted concerning this result.

" First, this model yields the expected result that in equilibrivm wages prow
as fast as productivity, giving constant relative sharcs of output, Again, the
relative distribution of output is determined by &* and the shape of the

~ production function, as shown in Figure 23-3. Profits per eficetive man., £/E,
‘can be measured along the g-axis as the product p*k*. The rest of total 47
goes to wages per effective man. Multiplying both P/E and H’{I;'.by E, atany
given time would give the distribution of @, between P and . Second. ence
we have established that a stable cquilibrium £*,g* exists, the proposittons
concerning the equilibrium values of p and w and the capital share and §hfc
labor share follow solely from differentiation of the proaduction function
under the assumption of a competitive cconomy that equates w = MPL and

p = MPK.
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Figure 23-3
Classical saving function
retative shares of output.

The Characteristic Equations of a One-Sector Growth Model

By now we have seen that the equilibrium solution to a one-sector growth
model is, in general, characterized by the following thres simultancous
equations. . T
i . kl
ST U PP L

where r, the capital-output ratio, is equal to both K/Q and k/q. Thus,

s
=

* {20)

kt
S5
Finally, we have
Pt =11k, @n
which gives us the factor prices and the dxst,ribulion of output to factor
mcomes. B

In the basic neoclassical modet with (g, + 1) and s fixed, the equihbrivm
solution of the model could be determined jn a particularly simple way.
From (19), given (g, + 4) and s, we can obtain equilibrium v*, Given equilib-
rium *,k* can be obtained from equation (20), as shown in Figure 234,
where the production function and the ray with slope 1/v* determine the
location of A*, Then, given A*, we can obtain p* from equation {21).

In the classical model, and in the Kaldor and Ando-Modigliani models
to follow, solution of the simul equiltbrium equations (19)-(21) is not
that simple because the saving ratio s is not giren, but is a function o[ ol!xcr
variables in the system. In the classical model s = s(p) = s[ f'(k)]. Substituting
(21) and (20) into {19) gives us the equilibrium condition

04150 V1S N @
h* *

grta

B (19
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e 23-4

iibrium with a

sicat saving function.

Slope = +,

N ).
o i
1
t
i
1
i
]
y

K k

one equation in one variable k*. This is the equilibrium condition expressed

" “in equation (14) earlier.

The important points to be noticed here are the following:

1. From the basic assumptions concerning labor input growth, the produc-

tion function, and saving behavior. we can obtain a basic dynamic
equation in the form
i _ SR

T — (g, + ).).

where s is the ratio of saving to output.

2. This equation yields an equilibrium k* where & = 0. and there arc gen-

“erally a set of simultancous equations such as (19)-(21) to describe the
k*,g*,v*, and price constellation in equilibrium.

3. These simultaneous equilibrium equations will be interrclated to the
degree that the variables s, v, and k are interdependent. We might even,
as in Chapter 22, consider g; or / to be a function of k.

With this growth model summary in mind, we now turn to the Kaldor
and Ando-Modigliani saving functions.

ie Kaldor Saving Function

Nicholas Kaldor has suggested a saving function that makes the saving ratio
a function of profit rate p and capital-output ratio r. Kaldor’s basic saving

function is
S =5,V +5.P (23)

Here wage income ¥ plus profit income P add to output Q. and Kaldor
assumes that the saving ratio out of profits, s,, is greater than that out of
wages. s,.. That is, it is assumed that 1 > 5, > 5, > 0,

“The overall saving ratio 5 = §;Q can be derived from (23) as fpl}q}ws.

B A

First, since W + P = Q. wecanwrite Sas . " - ; r
S =50~ P)+s.P =.s._Q + (s, = 5.
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T
Dividing by 0 to obtain the saving rati8’s gives us
s ' P PE
=i § =S )= = — 5}
s -3,11+ (s, \‘s,,,) 0- S+ (8, ~ s,) e Z-’ N
pib 7 ) N .
Noting that P/K = p and K/Q = 0, his expression can befre#Tittento gz,
in terms of p, v, and the fixed ratios s,:‘and Spit
s=s5,+(s, —“s\w)pu, @
| -
The expression for the growth rate of the K/E ratio k is, as usual, givent
k=28 1y o
Substituting the saving ratio fmx;x x:qualion (24)“imo this expression f
k gives us .
[ D VL L B
= s_i {, {.,Pq P gL. h
or . .
k=s, 2-!—(3 —=s)p =g+ ), 4
v p — Sw LT,
as the basic equation for the growth rate of k. , &

What does expression (26) for k tell us about the existen?®, and stabil
of an equilibrium k* where k = 07 The answer can be determined as fel]_o
At “low” values of k, such as ko in Figure 23-5, g/k and p are both h1§
so_that there is some low value of k, where .

. 1oL
s.,%+(s,—sw)p>gL+/I'< and k>0
t e
B Toee
5
Figure 23-5

Kaldor saving function
with

production function
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so that k is increasing. As k rises from that !
i ing. m that low value. both ¢’4 and p {all,
( ISEO that the dlﬂ'erer_lce b.etwf':cn [s.lg/k) + (s, — s dpland (g, + /3 dimfn?s;xt\*
ventually, as k rises, it will reach a level—#*—at which o

q
Sep B, =sdp =g, + 4

and
k=0
For any k beyond that level k*, wherz k > k*,

’ Sw%+(5,.—sw)p<gL+}.

and
k<o,
'so that k is decreasing.

Thus, the neoclassical growth model with the Kaldor saving function
has a st_able equilibrium k*, g*, which. in turn. vields results consistent with
the‘styhzed facts. Kaldor’s saving function has made both the capital-output
ratio v and the saving ratio s functions of the capital-labor ratio £, increasing

both the freedom and the complexity of the model.
The expression for the saving ratio, equation (24), can be rewritten as

k
s=5, + s, — 5. (k) ~—. (27
r == !
using equation (21) for p, so that s is scen to be a function of £. Substitution
of this expression, plus equation (20) for ¢*, back into the basic equilibrittm
condition given by (19), reproduced here as
S
_— S ==, (28}
gives one equilibrium condition in one unknown, k*. .
As we have seen, this k* solution is stable. giving equilibrium growth ata
stable k*,g* point. Again, equilibrium factor prices and income shares can
: be derived from the production function in exactly the same fashion as in the
: . basic neoclassical and classical models.

The Ando-Modigliani (A-M) Consumption Function

The consumption function of Ando and Modigliani provides yet another

. important variant of the ncoclassical onc-sector growth model. The A-M
consumption function also provides a conceptual link with the static models
discussed in Parts IT and I1L.
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DERIVATION OF'THE,SAVING RATIO * ) ‘ ”

The A-M function makes Eonsumption debend on labor income 1
consumer net worth, which is given by K in our simple growth models
Ando and Modighani posit a ¢ ion function in which

C=g2W+a,K;1>2>2,>0 |
This can be conterted nto a saving function, assummng S+ C=¢
follows. First, we can write
S=0-C=Q—a;W-o,K.
Since total labor income W = Q — P, this can be written as
S=0 — 2@ — P) — o, K = (1 — 2)Q + 2,P — 5, K.

Recognizing that P = pK, we have
S=1(1 —a)Q + 20pK - ;K

and CEa

§=(1 — 2)0— (%, — 2op)K, ¢
as the basic form of the A-M aggregate saving function in a growth o
context. If, as Ando and Modighani assume, éS{¢K < 0, then the expressy
(2, — agp) 15 positive. Dividing both sides of (30) by Q will give us an expn
ston for the saving ratio s. . N

5 4
E = (1 - ag) — (2, — ¢op)r, «f

s=

swee KfQ = v. Thus, (31} 15 the expression {or the saving ratio s in tems
p and v 1mplicit in the A—M consumption function. ~

THE EQUILIBRIUM K/E RATIO
The expresston for the growth rate of A 1s given by

; ] :
=8 10,
A £
so that h*, where k = 0, is given b): the usual equilibrium condition:
fik) = QLSL) 1, I
The per capita production function, f(k), can be plotted as usual in Fig
23-6. But what is the shape of the.[(g, + 4)/s]h-function, which ghes
levels of output per effective man needed to maintain any given A7 We:
answer this question by determining how s varies with changes in b
falls as A rises, then the [(g, + 4)/s]+ function will look like that of
classical model of Figure 23-2(a). If ds/dk > 0, the [(g, + A)/s]k function’
have a decreasing slope, and the model might not have an equilibrium Iy
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Figure 23-6
Per capita production -
function:

) f(k)

k

point because the f(k) and [(g, + 2)/s]k lines might never cross. This seems
intuitively unlikely because the A~M function basically assumes. with life-
cycl_e saving behavior. that s falls as k rises. and, if (z, — 7.p) is. indeed,
positive, this will be the case. But we can improve on this intuitive conclusion
by determining directly the conditions under which é&s:ck < 0 from expres-
sion (31) for s.

.Since the capital-output ratio r rises as k rises along the Figure 23-6
production function, we can concentrate on the sign of & ¢r. translating to

-¢s/ck at the end. Differentiation of equation (31) with respect to v yiclds

cs cp
— = —(%; — %op} + x5 —. K
cv (= 2op) e (4

Since p falls and v rises as k rises, ép/ér < 0. Thus, és.ér—and és:7k—-could
be positive only if 2gp > a,, that is, if x, — %op < 0. contrary to the baswe

" A-M assumption, as noted earlicr.

The condition under which ¢s/Ce is negative can be developed much more
precisely, however. We see from equation (34) that
0s . ép
— <0 if ~(xy — app) + rzo—_i < 0.
(e or

This condition can be rewritten as

és . L4 Y
— <0 i - -;C > 1
ov gdop  pOr

Condition (35) for és/ér and (¢s/ck) < 0 in the A-M modcl hasan mteresting

interpretation. Consider that the capital share of output, S, is given by

A\

oK
S,\- = "Q‘* = pr
so that
InSy =Inp+lac
Then, remembering that increases in ¢ accompany deCreases in pwe have an
expression for percentage changes in Si:
dsy dp drv

s Y o e e

Sk Iy ¢
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Figure 23-7
Equihbrium growth with
the A-M consumption
function

If the elasticity of substitution in the underlying production function i
unity-as in the Cobb~Douglas function—then Sy is constant (dSg/s, ~ 0,
as p and v change. This means that if the elasticity of substitution is unity,

by 2Ly

P v » dv
If this is the case, then condition (35) for 65]513 <0 reduces to a,/uyp >0,
which 1s obviously fulfilled. Thus, if increases in the capital-output ratio ¢
are accompanied by equal percentage decreases in the profit rate p, then the
share of capital m output will remain unchanged, and (v/p)(dp/dv) = -1, 1
the underlying production function has an elasticity of substitution equal
to one, then condition (35) for &s/¢k < 0is met and the f(g, + 4)/s)k function
is convex, similar to that of the Figure 23-2 classical model, so that an
equilibrinth A*,g* is ensured with the A~M consumption function,

But if the capital share tends to rise with rising v, implying that the drop
in p does not offset the rise mn v, then the factor (v/p)(dp/dv) in (35} is between
—1and 0and it is possible that at high values of p and low values of k and »,
8s/0k >0 in equation {35). This possibility need not overly concem us
though, since from (35) it is clear that, if the elasticity of substitution is fairly
constant throughout the range of k, that is, if (u/p)(3p/0v) isn’t very sensitive
10 £, then as k rises and p falls, condition (35) has an increasing probability
of bemg met, since with falling p, the term a,/%,p will become dominant,

This gives us two possibilities for the shape of the [(g, + 4)/s]k function
n the A-M model, illustrated in Figure 23-7, The solid [(g,, + A)/s}k function
shows the normal case where 3s/0k < 0 throughout. The dashed [(g, + )/s)k
function shows a case where the elasticity of substitution is small enough
that [(g,. + A)/s]k 1s concave initially, but becomes convex eventually as the
term «, fotyp comes to dominate the left-hand side of condition (35). With the
likelthood that the elasticity of substitution runs between, say, 0.8 and 1.0
in mdustrial economies, the latter possibility is not a serious problem.

As usual, 1n the case of the A-M consumption function, once a stable
k*,q* has been located, the implications for prices and relative shares can be
drawn from the production function, and the equilibrium levels of consump-
tion and mvestment can be obtained from g* and the saving ratio. All of the
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TheGoldenfule
and an Introduction. -
to Optimal Growth Models

~

In Chapters 22 and 23 we saw that the neoclassical growth model with
technical progress embodied in the labor force tends to a long-run growtk
path with equilibrium values for output per effective man, ¢* = (Q/E}*, and
capital per effective man, k* = (K/E)*, under a wide variation of theories
of saving behavior Along the long-run equilibrium growth path, output
consumption, and imvestment all grow at the same rate, as, of course, do
output, consumptton, and investment per capita. Thus the growth path gives
balanced growth with the division of output between consumption anc
investment on the output side and between profits and wages on the income

side stable through time.

The rate of growth of output, consumption, and investment in long-rur
equilibrivm is determined by the growth rate of the labor force, g, , plus the
exogenous growth of labor productivity, A. The level of the growth path
given by the equilibtium A* and g* levels, is determined jontly by th
natural growth rate, n = g; + 4 and by saving behavior. Note that here wt
are introducing a specific notation for the natural growth rate, n =g, +1
This is introduced purely to simplify notation and facilitate presentation 0

the models.

We saw in Chapter 23 that an increase in the saving ratio s raises th
equilibniym values of k* and ¢*, shiftng the economy to a higher equilibriun
growth path. The question then naturally arises: I the government (o
society in general) can control the saving ratio s, which of the many possibl
equilibrivm growth paths, each corresponding to a different s, should i
choose? At what level should the control varigble s be set? This chapte
analyzes this question i the context of equilibrium growth models an
outlines some of the answers proposed by optimal growth theories.

|06
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First we review the solution of the basic neoclassical model swith technical
progress, focusing on the role of the saving ratio in determining the fevel of
the growth path. Next we derive Phelps golden rule of accumulation. It savs
that the long-run equilibrium growth path that maximizes consumption
per capita in all periods, once the economy has reached its equilibrium path.
is determined by the k* level at which f'(k) =g, + ; = n. This is the £*
point where the slope of the production function g = f(k} s equal to theslepe
of the (g, + )k line in, for example. Figure 23-1.

Next, we briefly describe optimal growth turnpike theorems. These
suggest that an economy that wants to maximize the integral of social
welfare, or utility, over time, on the assumption that utility is a function of -
consumption per capita, should move toward a path like the golden rule

"~ path as it grows. This discussion will introduce the readers to one of the

“frontier” areas of macroeconomic theory.

The Basic Neoclassical Model Once More

P
)

LR

Discussion of optimal growth and the role of the saving rate is based on the
neoclassical model developed in Chapter 22. The model is built on the
following assumptions concerning the structure of the cconomy.

1. The labor force, L, grows at an exogenously determined rate g;. The
effective labor force, E, = L,e*’. grows at the rate g, + A This is the
natural growth rate of the cconomy, n =g, + 4. ) )

2. Output, @,, depends on capital and cffective labor inputs. K, and E,.
The production function is written as

0, = F(K,,E). (1

The production function is homogeneous of degree one so that we can
write it as

0 (K N\ g o
g===F{Z1)=fk): [ >0,f"<0 {2) .
E, E, .
3. Investment, which equals saving, is a given fraction, s, of 1otal output.
Thus, capital formation is given by
dK
dt
In this chapter we will treat the saving rate s as the government’s contrul
or policy variable. By changing s. presumably by changing X:!:(_Lti,'!hc
government can move the economy’s growth path from onc cquitibrium
level to another.

l::Sx::SQ:- t3)

These assumptions can be combined i0 obtain the key bc.xprcssio.n {m_ the
growth rate of the ratio of capital to effective labor vnits, b = K E The
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Figare 24-1

ratio

growth rate of k is definitionally given by -

k=& ~E "~ @
The growth rate of the capital stock, K, is simply
LS v ’
s dt 10 sq_s)
TEKTRKTKTY Tk &
From assumption 1, the growth rate of effective labor, E,, is just
E=g+d=n ©®

the economy’s natural rate of growth. Thus, the expression for the growth
Tate of k can be wntten as

_JW
k_T_

f [T

(3
(9L+A)='S‘%"’”, T )
' T R

which gives the growth rate of A as 2 function of the level of & itself, .Eq\mtion
(7) has an equilibrium value for k where k = 0. This equilibrium value k*

q
‘L:ll:
Bt
A x
Pl
q*? (k)
q* ,// ‘
'f
'l
e
) ,/
(e
al
g
-
1
! k
ko x* K
{a) . : <y
k
. ’__..—..-._~\\ ,
~> ~33.,

X ‘ e k
Anlincrea:n in the saving i . \\‘ '
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Figurc 24-2
Long-run equilibnum
path of output per man.

can be obtained by setting i = 0 in equation (7) so that &* is determined by

ar. + 2

Sy = ke. (&)

This solution is shown graphically in Figure 24-1{a). which plois both (k).

“actual output per effective man, g, as a function of k, and [{g, + AVsA
= which gives the level of g nceded to maintain the corresponding & as £
- grows at therate g, + . .

Starting with kg < k* in Figure 24-1(a), output per eflective man exceeds
that needed to maintain kg, so there is investment “left over” to raise A
toward k*.-‘When k reaches k* this “excess investment™ becomes zero and k
stops risifig. Thus, the equilibrium value of k, k¥, is a steble equilibrium, as
shown in the phase diagram of Figure 24-1(b).

If the economy tends toward a stable equilibrium &* in the long run,
this implies that K=E =g, + Z in the long run. since A* = (K/E)* is
constant, Similarly, with g tending toward g¢*, we have Q= E=g, + 4
in the long run, so that in long-run growth equilibrium

K"—’Q.:gl.“f‘/'.:n. (9)
and
(Q/L) = (KjL) = 7.

The capital-labor ratio and output per man both grow at the technical
progress rate 4. .

Figure 24-2 shows the long-run equilibrium growth path of output per
man given by the k*, ¢* equilibrium point of Figure 24-1. With the ratio of
output to effective Jabor fixed at ¢* in equilibrium. we have

*
(_Q_ . (_91_ =",
E) T\Le*
(_QJ)* =q'e,
L,

and the growth rate of Q/L is equal to 7, as shown in Figure 24-2, since ¢*
is constant in equilibrium.

so that
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Flgure 24-3

Achange in the saving
ratio that shifts the growth
path

What happens if saving ratio s inlcreases t6 5'? In Figure 24-1 this rotates
the (g, + /',)/SJI\ ray down to [(g, + A)/sJh. At any given level of &, since
the saving ratio has risen, it takes less output to generate the investment
needed to maintain that k. At the old A%, f(A*) > [(g, + 2)/sTh*, so k>0,
as is shown in the dashed phase diagram of Figure 24-1(b) Thus, A and ¢
begin tq rise toward the new k**,-¢**, But if k is growing K> E=g; + ..
and (K/L) > 7 Similarly, with growing output per effective man ¢, ¢ > E.
and (Q/L) > A Thus, while g grows from g* to 4**, the growth rate of output
per man exceeds 4, the slope of the long-run equilibrium growth path in
Figure 24-2. - PRI .t

When k and g reach the new equilibrium A**,4**, however, q stops
growng, so Q falls back to equal £ and the growth rate of output per man
again falls to 4 This is illustrated in Figure 24-3. There the saving rate is
increased from s to s’ at time 1, causing output per man to begin to grow ata
rate faster than A. As g approaches ¢** in Figure 24-1, corresponding to the
(Q/L)** path of Figure 24-3, the growth rate of @/L slows to 2 again, reaching
the equilibrium long-run A**,4** path at time ,.

ot 5

e

The increase in the saving ratio s has moved the economy from one long-
tun growth path to another. Each of these cquilibrium paths has a slope,
ot grawth rate, given by the technical progfess rate 2. It is only in the petiod
while ¢ 1s moving from ¢* to ¢** that the growth rate of Q/L exceeds L.
. Aslongas, in Figure 24-1, f(A) > 0, that is, the marginal productivity of
increases 1n the K/E ratio is positive, an increase in s will raise equilibrium
A and g and thus raise the growth path of Q/L in Figure 24-3. But this docs
not mean that policy should be directed toward increasing the saving fate to
raise the growth path. If the_aspect of economic activity that enters the
society’s wellare function is consiimption, not output, then perhaps the policy
maker should seck the value of s that gives the highest path of C/L, not of
Q/lf Thxsisuggcsts that we now examine more closely the relation of the
saving ratio to the level of consumption.
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aving and Consumption in Growth Equilibrium

P

Figure 24-4 -

{ i

Consumption and invest-

‘ment with disequilibrium k.

The level of investment and saving per effective man. I/E, at any fevel of 4
isgivenby - .- ’ ’
I s
| E=§= sq = sfik), (10)

which is plotted in Figure 24-4. Consumption per effective man ar any given
k (not just equilibrium k*) is then given by (Q/E) — (I/E),
€_€.0_
=) - sk, (o

and is the difference between f(k) and .«ﬂk). shown as (C/E), at &, in
Figure 24-4. Equation (11), to repeat. gives the level of consumption at
any k, given the saving ratio s. We can now rewrite equation (11) to give

the value of consumption per capita, C/L, at any value of £,

T = LW ~ 4} 1)
q
- £(k)
| (%)o SH(K)
L
\Jo(E)O L

ko

From the equilibrium condition for k*. cquation (8). we see that. in
equilibrium
sf(k*) = (g, + 2)k". {13
Thus, the equilibrium value of &* is the same at the upper ir}tcrscgtion of
Figure 24-5, given by equation (8). as at the lower intersection, given by
equatior’i (13). Inserting the expression for .gf(k‘J. given bx equation {1?). mio
equation (12) for consumption per man, C/L, we obtain 2n expression for
C/L in equilibrium,

(.IC:) = [ fk*) = sfE)
= eH[fIkT) ~ tg, + K7 (4
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Figore 245
Saving ard consumption

Figure 246
Consumption and invest.
ment with equitibrium &*

LONG-RUN GROWTH WITH FLILL EMPLOYIny, }
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The substitution of (g, + A)k* for sf(k*) can be made only in the expression
for (C/Ly*—long-run equilibrium C/L. This substitution in (14} simply
reflects the lower intersection in Figure 24-5. The crucial points here are the
following:

1. For any given s, as k varies, C/E is given by f(k) — sf(R), and thus the

difference between f(k} and sf(k) in Figure 24-4 traces out the value of
C/E. e

2. But in equilibrium, (C/E)* must equal f(k*) — (g, + A)A*, so that as

w

varies {due to government manipulation, perhaps) equilibrium (C/E)* is
traced by the difference between f(k) and (g, + A)k in Figure 24-6 Her
the reader should note that since (C/L)* = ¢*(C/E)*, maximization ol
(C/E)* is equivalent to maximization of (C/L)*, so that we can discuss
the choice of a value of s to maximize consumption per man in term:
of either {C/L)*, as in (14), or (C/E)* as in the last two paragraphs.

. Thus, while C/E for any given k is given by f(A) — sf(A). to analyze how
C/E (or C/L) differs among different long-run equiltbrivm growth paths
we must focus on the difference between f{A) and {, + 2)A in Figure 24-6

(k) .

(g ¥ M)k ‘ -
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The relationship between f(k), (C/E)*, and (g, + )k is analyzed in
Figure 24-7. There we see that the various possible (C/E)* = ¢* equilibrium
values, corresponding to various values of s, are given by the difference
between f(£) and (g, + Ak

If the saving ratio is set at s, in Figure 24-7, equilibrium will be reached
at k3, g§. Consumption per effective man at equilibrium kg, g8 will be
cg = (C/E)§. Further, with s set at 54, consumption per man in equilibrium

will be given by

C\* C\* . ; .
(——) = e“‘(—— = e¥cy = "' fIRY) — (g + 2KS] (15)
L Jo E J,

As the saving ratio s is increased from s, to s5; and s, in Figure 24-7, the
difference between f(k) and (g, + )k, which is equal to (C/E)*, first rises,
then falls. At which value of &k* is equilibrium per capita consumption at a
maximum? Clearly, at the value of 4* where the slope of 114} is equal to the
slope of (g, + )k, that is, where p = (k) = g; + 4 Once we have Jocated
this k* — k¥ in Figure 24-7—varying s from s, in cither direction will
reduce (C/E)*, and thus reduce {C/L)*.

The reason why there exists a &* that maximizes (C/E)" is simply di-
minishing returns. With increases in g diminishing with increases in 4, but
increases in g that are needed to maintain cquilibrium k* growing propor-
tionately with increases in k*. as s rises a k* value is reached beyond which
we would have to reduce consumption per effective man to provide enough
investment per cffective man to maintain any greater k* equihbrivm value,
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Figare 243

Long-run equitibrium

C/L increasing the saving
rano

—d/

The existence of a maximum (C/E)* in Figure 24-7 shows, th §
Figure 24-8, as we increase the saving ratio, raising the equilibrium ( 1y}
path, the (C/L)* paths first shilt up and then down. The highest (CiL
path 1s attained when s is set to give A* equilibrium at the Jevel v

S} =g, + 4 kY in Figure 24-7. H

Phelps’ Golden Rule of Accumulation

It is important to notice that all of the (C/L)* paths of Figure 24-8 mj
parallel—they all have the same slope equal to the technical progresy
factor 4. This follows from the expression given in equation (14) for equi
librium C/L, :

(%) = L0 — (g + D7) ug

Since cach of the (C/L)* paths in Figure 24-8 represents a long-run growlh
equilibrium, each has a corresponding value of k* "which is constant
equilibrium. Thus in equilibrium the term in brackets in equation (16)13
constant, so that the growth rate of {C/L)* for any equilibrium value of K
is L
! alf equilibrium (C/L)* paths are parallel, the one that mm(imw:i4

{C/L)* at any arbrtrarily chosen time period ¢; will maximize (C/L)* for all
time periods. Thus the argument of the previous section, which showed that
maximum (C/L)* is reached at the k* value where f'(k) = gy + 4 can b
developed rather simply mathematically. The problem is, given eqummn(lﬂ
for (C/L)*, what value of A* maximizes {C/L)*? To find that A*, we difier:
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entiate the expression for (C/L)* with respect 1o k* and set that derivative

equal to zero:
C *
(1)
L

ck*

4 y i . . . .
Since e* # 0, *thls means that maximum maintained (C L1 is obiained at
the value of k* where

= [f (k%) — (g + A] = 0. an

STy — (g, +7) =0,

T (k) =g, + 4.

That is, the s should be chosen that sets k* at the level where the profit
rate p = f'(k} is equal to the natural growth rate, n = g, + 5.

~ This is Phelps’ golden rule of accumulation, and we shall give several
interpretations of it shortly. But first we should make clear what is involved
here. The golden rule k* describes the growth path which, once the cconomy
attains it, will give a higher level of per capita consumption than any other
growth path for all time. We should note that the golden rule discriminates
between long-run equilibrium paths in terms of their equilibrium (C/L)*
values on the assumption that the economy can choose freely among these
paths. But clearly, if an increase in saving is required to move to the golden
rule path, the present generation would have to sacrifice consumption for
the benefit of future generations of consumers. Thus, the golden rule path
would be a rarget growth path only if, in a sensc. the costs of moving toward
the path are small relative to the longer-run benefits that come from reaching
it. We will shortly return to this point, which is central to the turnpile
theorems of optimal growth.

It should also be noted that we are choosing among consumption paths
that all have constant (but different) equilibrium K/E ratios. The paths are
thus golden rule paths in that each generation must pass on the same KVE
ratio that it inherited—no fair cating up some of the K you received or
sacrificing to build up K/E and pass the benefit on.

An excellent common-sense explanation of the golden rule result has
been given by Solow. Imagine an cconomy that can reccive capital free ~-
that is, it can freely choose the level of its growth path—with the proviso
that it must, for all time. keep the same K/E ratio that it initially chooses.
Then for each increment of capital, AK, it accepts, it receives an increment
of output cqual to

or

AQ = [(RHAK. 1
To maintain the K/E ratio k the capital stock must grow at the vaie of
growth of E, g; + 4 Thus, investment needed to maintain any given & ratio
is given by

?\17-: fgp+74) and  [={g +AK. o
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“This means that the increase in investment needed to maintain the increase
in K/E that comes from accepting an additional increment of K is ghen by

Al = (g, + A)AK. n

As long as the increment to output, AQ exceeds the i Increment to imest.
ment, Al, the AK i gives an ption AC. Butf(k)
decreases as & increases, so eventually the cconomy reaches a point where

AQ = AKf'(k) = Al = AK(g, + 7). m

At this pont, taking on more free capital will increase the level of invest-
ment needed to maintain k more than it increases output, that is, it would
imply a reduction of C to maintain the K/E ratio. Thus, the optimal amount
of free capital to accept under golden rule conditions is the K that equates
the profit rate to the natural rate of growth:

SR =g+ h )
‘There are two other interesting interpretations of the golden rule con-
dition. First, multiplying both sides of (23) by K/Q, we have
SWK K 1
=gt A) s, {29
[7) (9c ) 270 )
from the fact that I = (g, + AK in equilibrium. While the right-hand side

of equation (24) s the ratio of investment (= saving) to output, the left-hand
side of equation (24) is the profit rate p(=1"(k)) times K/Q:

profits capital _ profits
capital output output’

Thus, the golden rule equates the share of profits in output to the ratio ol
investment to output. So the goldcn rule could be stated as “invest yow
profits, consume your wages.” This is just another way of selecting the
saving ratio s that yields the golden rule A*,

The final interpretation of the golden rule also follows from equation (24)
The term f(A)K/Q can be converted into the elasticity of output witt
respect to capual input as follows:

FALLY SR _éq k
4 ¢ kg
Then equation {24) can be rewritten as <
fq A1 3
. P, H 25,
chg Q@ 7 ¢

This says that the saving ratio s should_be set equal to the elasticity o!
output with respect to capital input to move the economy to the golder
ule path.
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j Figure 24-9 )

. Golden rule k* and C/E.

%

i

These are all various ways of stating the same golden rule condition. To
attain the k* that gives the highest long-run equilibrium consumption per
capita (C/L)* = ¢*(C/E)*, set the control variable s so that, at the equi-
librium k*, the slope of the production function p = f*(k) is equal ta g, + 4.
the natural growth rate. The k* equilibrium value that results will then he
the golden rule ky shown in Figure 24-9 that determines the equilibrium
growth path that maximizes consumption per man over all time, once the
economy reaches that path.

i
" Optimal Growth Turnpikes

In the preceding two sections we have seen that we can find onc equilibrium
k¥ value that gives the highest possible cquilibrium growth path for per
capita consumption, (C/L);. Since all growth paths arc parallel with
slope = g, + 4. this highest equilibrium consumption path, once attained,
gives the highest possible per capita consumption to cach future generation,
assuming the golden rule is followed. This is the assumption that cach
generation maintains the inherited &} ratio, so that all paths are. in fact.
parallel.

Now suppose the economy begins at an equilibrium £* lower than LS.
perhaps due to having a saving ratio s lower than that associated with L*.
Moving toward the golden rule k7 then would involve raising the saving
rate. Then the movement to the golden rule (C/L); path would invohe the
present generation's huilding up capital. and thc. K/E ratio, in oider that
futurc generations can gain the benefit of traveling along the golden rule
growth path. Thus, movement toward the golden rule path from an initial
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low A* involves a cost paid by the present {and ncar—f}nure) fenerations in
exchange for the benefit to future generations of moving along the golden
rule path. Should the present generation—of planners, or society, or
politicians—be willmg to accept that cost? X

Rather than try to answer this question categorically, we can consider
two cases First, suppose that the mitial k* value is close to k¥ so that
only a “small” cost is involved in moving to k. Suppose further that the
planner’s (or society's) time horizon is very long so that he can consider
the benefits to many future generations of being on the golden rule path.
In this case the optimal policy would be to move quickly toward the golden
rule path. On the other hand, if the initial A* were far below £ 50 that s
substantial sacrifice of present consumption to increase s and build up the
capital-labor ratio 1s required to get to A}, and the planner’s time horizon
were fairly short, optimal policy would suggest arching only gently toward
the golden rule path. N '

These kinds of considerations underlie the turnpike theorems of optimal
growth as developed, for example, by Radner and Samuelson, Essentially, -
these say that the longer the time horizon, the smaller the percentage of
time that should be spent away from the turnpike (here the golden rule)
growth path Thus, given a starting k* < R, the longer the planning hori-
zon, the relatively faster shoyld be the movement toward the turnpike, since
the longer the planning horizon, the more the benefits of being near the
turnpike outweigh the costs of getting to it. In Figure 24-10, the longer
the time honizon, the faster the economy should move from (C/L)} o
{C/L);. By now the reason for the terminology “turnpike theorem™ should
be clear. A person taking a long trip will gain by incurring some initial cost
to get onto a turnpike, while it might not pay to go to the turnpike for 2
shorter trip.

Figure 24-10
The turnpike theorem per
capita consumption growth

THE GOLDEN RULE PATH AS AN UNDISCOUNTED
TURNPIKE PATH

Turnpike theorems, stating that an optimal growth path should spend all
but an arbitrarily small percentage of its time in the neighborhood of 2
given turnpike path, hke our &}, as the planning time horizon becomes
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longer and longer, come generally from the solution of the following kind
of problem. Suppose the economy has the structure of the ncmiz;«‘ic*‘t
grO\'{th model {the constraints of the problem), and one wants to mba::n"ni;c
the integral of social utility (the objective function of the pmb!cm') as a
function of per capita consumption from time 0 to time T. What grm::th
I;‘):ttil(; jhould the economy follow from some arbitrarily selected initial K/E

The first step in the solution of this problem is to state consumption
per effective man, C/E, as a function of the level and rate of growth of the
K/E ratio. From equation (11), the C/E ratio can be written as

€.

P
Noting that I/E = (I/K) - (K/E) = Kk, and that since K =k - E, K=k + [,
we can rewrite (26) as

; )
Jik) ~ £ (26)

c o
+ = 1) = kik + E) = f(k) - nk — kk. (27)

Here we are using n = g, + / as the growth rate of E just to simplify the

notation. Next we introduce the notation that dX/dt = DX, and d*X/dt* =

D?*X. Since kk in (27) is just k - [(dk/dt)/k], we can then rewrite cquation (27)
_in its final form, -

% = [(K) — nk — DE. (28)

Now, recognizing that the equilibrium growth path that maximizes C/E
also maximizes C/L, we can state the problem as maximizing the integral
from the present, time 0, to a future time T of social utility U which is a
function of C/E:

U=u(%);v'>o, v <o. (29)

Thus, the problem is to maximize the integral
T, [C T T
fo U(—E—)dt =‘(0 U(f(k) — nk — DK)dr =.(0 Fik.DR)d.  (30)

The right-hand term in (30) is introduced to show that this problem is

* one of maximizing an integral of a function of k and Dk, one casily handled
by the Euler equation of the calculus of variations. The Euler cqu:xti_on is
the analog in a case where variables are time-dependent to the ordinary
rules for finding a maximum in a static case where all partial derivatives are

set equal to zero. In the dynamic case given by (30). the Euler equation

d( E’F)
¢F __\CDk) 4 (301
¢k dt
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will identify the equilibrium k value, that maximizes the integral

T . [C
f; v(-f) d,
with Dk and D*k = 0.

Taking the derivatives in the specific case of (30) gives us
a(~U
0= -m- 20

=U’-(/(k)—n)+U'~(f(k)Dk—nDk—D’k) @

as the cthbnum condition ldcntlfymg the k path that maximizes ¢
mtegral in (30). If the economy is at an eqmllbnum k* value, then Dk
D = 0, and, since U’ is positive, condition (32) boils down to

0=f(Y—n o [fkY=n=g.+2 i
as the condition identifying the k* value that maximizes

J' or u (%) dt.

Thus, the golden rule growth path is also the turnpike path in the @
where the objective is to maximize social welfare as an undiscounted fur
tion of consumption per capita over a long planning horizon.-This shot
have been clear from the outset, since the golden rule was obtained *

asking what path maximizes C/L or C/E, for all periods, once the path
reached, with no refe to di ing future i and

A MORE GENERAL TURNPIKE MODEL

We can analyze a much more general optimal growth tumpike problem

mtroducmg a discount rate into the social wclfare integra). Suppose fott
and ptions are di i at the rate r, so that a d

counting factor e is introduced into the welfare integral given in (30.

this case the problem is to maximize

_[’F(k,nk)dx=_‘"’e-"umk)-nk—vk)d: (

xo1ﬁnd the k* value with Dk and D*k = 0 that maximizes discounted fu
utility.
The Euler equation in this case gives us
d(—e™"U)
dt v
O=e " U (f'(R}— m) 4 ¢ - U - (f*(k) Dk — n Dk — D)
o U(—re ™).

0= e U () ~n) =
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Figure 24-11
Undiscounted and dis-
counted turnpike paths.

(k)

k.t k;

Setting Dk and D*k = 0 and dividing out U’ and e™"", both positive, gives us
O0=(f*)—nm—r. or fk*N=n+r=g. +i+r (35

as the equilibrium condition identifying the turnpike &** value that maxi-
mizes the discounted social welfare intcgral of (34).

Since r is positive in this case, the discounted turnpike path wounld in-
volve a lower saving rate and lower k** level than &7, as shown in Fig-
ure 24-11. This results, of course, from reducing the current estimate of the
value of future incomes and consumptions by a discount rate, thus reducing
the value of current saving to increase future consumption.

The common-sense explanation of this result follows directly from that
offered by Solow for the golden rule result. Consider again an cconomy that
is free to accept a capital gift on the condition that it must maintain forever
the K/E ratio it initially accepts. In this case the present value of future

‘output gained by accepting an increment of capital is given by

AQ = f(k)AK ~ rAK = (f'k) - NAK, (36)

since future output increments are discounted by r. On the other hand. to
maintain the K/E ratio as E grows at rat¢ n = g, + /4, an increment to K
will require an increment to [ given as before by

Al = nAK = (g, + })AK. (37)

Now the economy with a discounted social welfare integral will want to
accept capital with diminishing (k) until AQ = Al giving us

SRy —r=n=g +2 {38)

the turnpike condition with future income discoumg:d at rate r. The eco-
nomy with a long planning horizon should set its saving rate to move fairly
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“onclusion

Selected Readings

rapidly to an equilibrium growth path along which the marginal produc.
tivity of capital-—correctly measured to include such negative outputs as
pollution—is equal to the natural rate of growth plus the social discount
rate, if these can be correctly measured.

This chapter pl our di ion of th ical models of long-run
equilibrium growth. It should be clear that these models are stif] highly
theoretical, corresponding to the static models of Part II of this book. The
emprrical work analogous to that on short-run macroeconomics, reposted
m some detail n Part 111, has yet to be done on long-run grawth models,
Thus, it is not yet certain what their full contribution to practical economic
policy will be -

But two obvious gains in our understanding of the Jong-run workings
of the economy have already resulted from the study of growth models.
First, the distinction between medinm-term and long-run growth has become
clear We cannot expect a perpetually higher growth rate as a result of an
increase 1n the saving rate; the effect is rather to shift the economy to a
higher growth path, And it is foolish to try 10 maximize the rate of growth,
at feast in an advanced economy. Increased growth incurs costs, in terms
of current consumption, so that we should seek an optimum, rather than a
maximum, rate of growth that balances the gains to future gencrations
against the losses to the current generation. There are both benefits and
costs to growth, and they must be balanced to reach an optimal growth
path.
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‘Medium-Term Growth
and “The Measure
of Our lgnorance”

In moving from the analysis of static models of income determination, which
focused on the problem of maintaining full employment. to the analysis of
long-run equilibrium growth models, we noted that the distinction should
be made between four different kinds of growth. First, we studied in Parts -
1T the growth involved in moving the economy from a position of stack
demand and high unemployment to full cmployment. Here we call this type
of growth short-rin growth. This type of growth cannot be a continuing
process: once the economy is utilizing its resources fully, it can only grow
as fast as the expansion of those resources—growth of the capital stock
and the labor force—and technological progress permit.

The second type of growth that we noted is growth with full employment
toward a long-run equilibrium growth path. In this case, while maintaining
full employment, the economy increases its ratios of capital and output to
effective labor input, moving toward the long-run cquilibrium A*.¢* point,

‘ ~in the language of Chapters 21-24. This second type of growth we will call
' medium-run growth. In Part TV we looked at somc aspects of medium-run
growth on the demand side. But medium-run growth on the supply side
was left to this chapter. The third kind of growth that we noted is long-run
equilibrium growth at the economy’s A™.¢*—the balanced-growth path of
the neoclassical growth models. This third type of growth, which was the

subject of Chapters 21-24, we call long-run growth. N

These three types of growth can be described in terms of two famaliar
diagrams. In Figure 25-1, expansion to full employment with a growing
labor force can be described as a movement to the production funciion
from a point. like 0, at which the economy is not producing the polential
output, q,. that it could, given its capital per effective man, k4. Thus, moving

823
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Figure 25-1
Expansion 10 fult-empioy-
ment equilibrium

Figure 25-2

Expansion to full-employ-
ment equilibrium growth
path

g1t

B Hx)

a4

PR g

to full employment involves growth from point 0 to the production function
at some pomt between 4 and B n Figure 25-1. This is what we mean by
short-run growth.

Once full employment is reached, the economy grows along the produc-
tion function f(k} toward the long-run equilibrium point B. This second
kind of growth involves capital-deepening—increasing the amount of capital
per effective worker, k—as well as capital-widening—providing new workers
with capital at the existing A ratio. This type of growth we call intermediate-
run growth. Eventually, as we have seen in Chapters 2224, the economy
reaches a ratio of capital to effective labor at which all the investment at
that ratio, given the saving rate, is required just to widen capital—to provide
each new effective worker with capital at the existing * ratio. At this point,
B in Figure 25-1, the 4 ratio stops changing and the economy is in a long-
run growth equilibrium with k* and ¢* fixed.

These three types of growth—from 0 to the AB path to B—are also
shown in Figure 25-2, which is similar to Figure 21-t. }t plots the natural
log of output per man against time. The mavement from point 0 to the
AB path involves eliminating unemployment and moving to the economy'’s
production possibility curve. The movement along that function to point B
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Figure 25-3
Qhanglng the saving ratio.

Figure 254
3bifting the equilibrium
jrowth path,

qt‘

e

bt s e e o sttt s e, s e 2t it e

]
{
i
]
l
!
1

k* k**

in Figures 25-1 and 25-2 involves full-employment growth toward the long-
run balanced growth path. After point B the economy is on the equilibrium
growth path of the neoclassical model.

In Chapter 24 we discussed the question of what long-run path the
economy should want to be on. Choosing this optimal growth path involved
setting the government’s control variable—the saving ratio—at a level that
gives in some sense the best k* g* point. Thus, changing the saving ratio
from s, to s, in Figure 25-3 increases equilibrium k from k* 10 k**, giving
a period of intermediate-run growth from time t, to time 1, in Figure 25-3,
as the economy moves from the initial long-run equilibrium (Q/L)* path
to the new long-run (Q/L)** path. This is the fourth type of growth that we
distinguished in Chapter 21, and Figure 25-4 reproduces Figure 21-1 with
a slight change in labels. This fourth kind of growth is also intermediate-run
growth, with the economy moving between long-run growth paths, main-
taining full employment all the while. This type of growth process is the
focus of this chapter.

In particular, in this chapter we ask how sensitive is the growth rate of
output to changes in the ratio of investment to output in the intermediate

- run. This question can be posed in one of two ways. Assuming that a given

change in the saving rate (saving = investment) will move the long-run equi-
librium growth path from (Q/L)* to (Q/L)** in Figure 25-4, we can ask

s e a2 o e
Eondl L P ———

-
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7

either how fong is the period from time o to time 7, that we're defining ag
intermediate run, or we can ask how steep is the growth path from point ¢
to point D in Figure 25-4, that is, how much does the actual growth rate
of output respond to a given change in 5?7 The longer the period from o to
1,, the flatter will be the growth path from C to D, given the {Q/L)* and
(Q/LY** levels.

The steepness of the intermediate-run growth path depends on the sensi-
vty of the growth rate of full-employment output to ch:m_g:s in the growth
rate of the capital stock. If the growth rate of output is highly sensitive, or
elastic, to changes mn the growth rate of capital, then a givgn increase in the
saving (=msestment) ratio, with full employment mningamcd, initially in-
creasing the growth rate of K, will give a greater initial increase in the
growth rate of output—that is, a steeper intermediate-run growth path—
than if ths elastierty were small.

So, although the economy will eventually settle onto a new (Q/L)* path
after un increase in the nvestment ratio, for an intermediate-run period the
rate of growth will exceed the long-run natural rate of growth, n=g, + 1
How much the growth rate will increase—or how long the intermediate rin
is——will depend on how elastic the growih rate of output, 0, is with respect
to changes in the growth rate of the capital stock, K. In turn, as we shall
see shortly, this elastiaty depends on the'source of technical progress in the
economy If it is embodied in the capital stock, then increasing imvestment
will yield not only more capital, but newer, better, and more productive
capital as well, increasing the elasticity of @ with respect to K. At the other
extreme, if all technical progress is embodied in the labor force—-more
education leading to better skills, and so on—then increasing investment
nill give 2 smaller O response.

To introduce the discussion of these issues, we first develop the growth
relationships implicit in the production function @ = F(K, L} in some detail.
This gives us a relationship between the growth rates of output ¢ and of
the' capital and labor inputs, X and L, as the economy moves along its
production function between equilibrium long-run growth paths, We then
see how the sensitivity of @ with respect to changes in saving, investment,
and K depends on whether technological ad must be embodied in new
capital stock or appears in the form of a pure upward shift in the produc-
tion function or a simple augmentation of the effective labor force in the
fashion assumed in Chapters 22-24.

Output Growth, Input Growth, and the Constant-Returns-to-Scale
Production Function

To develop the relationships between the growth rates of capital and labor
inputs and of output, we can begin with a familiar general production
function that 1s homogeneous to degree one:

0, = K. L) |
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We will now derive from (1) an expression for the growth rate.of out-
put @ in terms of (hg: growth rates of the inputs, X and L. Differentiating
the production function with respect to time gives us

4Q G6F dK ¢FdL
i TR A T A
and dividing through by Q gives us an expression for the proportional

growth rate Q,
dQ
di _ . @F 1 dK  &F 1 dL
g% &oataga @

Next we can multiply the right-hand terms of (2) by K/K and L/L, respec-
tively, to obtain

¢F KdK 1 +6FLdLI

6KQ dt K 6L @ drt L’
and recognizing that [(dK/df)/K] = K, ahgi similarly for L, we can rewrite
this last expression to give Q in terms of K and L:

. OFK _. GFL,

= EE -Q- K + gi: -'Q— L, 3)

or » L -

Q = Y];:K + ULL' - (4)

where 7 = (6F/6K) - (K/Q) and n, = (éF/eL)-(L/Q). Thus, if K rises,
Q will increase by 5y times the K increase, and similarly for L changes.

OUTPUT ELASTICITIES AND RELATIVE SHARES

The coefficients 7, and #; in equation (4) have two interesting interpreta-
tions. First, they should be recognized as the clasticities of output with
respect to changes in input. With L held constant, for cxample, the elasticity
of output with respect to changes in capital input, Eg, is given by
¢0 K
E TRl /
K GK Q IK!

and similarly, with K held constant, E; = ;. Looking back at equation
{4), this says that the growth-rate of output, 0, cquals the sum of the growth
rates of inputs, cach multiplied by its elasticity. N

The second interesting interpretation follows if we assume competitive
pricing of factor inputs. For example, with competitive pricing the real wage
rate w is equal to the marginal product of labor &F7¢L. If this is the case,
1., also gives the labor share of output:

éF L W

N = e - 5 = ~Q~ = Jabor share.
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Similarly, n7x is equal to the capital share. Thus yvith competitive pricing,
the g and 1y, coeflicients give the shar_es qf capital and labor in output,

Now if the original production fi is h 1o degree one,
this means that an equiproportionate increase in K and L will give the same
proportional mcrease in 0. For example, if K and L both increase by § per-
cent, that is, K = L = 0.05, then @ must increase by 5 percent; ¢ =005,
But this says that with @, K, and L all equal to 005, from equation {3),

0.05 == 7(005) -+ 7,(D.05)

and

T=ng+n. )
Thus, if the production function is homogeneous to degree one, the y
elasticity/share coefficients must sum to umity. This ensures that 1f a pro-
duction function 1s homogeneous to degree one and the economy has com-
petitive factor pricing, then the competitively earned shares of output will
sum to one, that 15, exhaust output.

It is sometimes suggested that the identification of 5 coefficients with
output elasticities and relative factor shares under competitive pricing can
be made only with a Cobb-Douglas production function. However, the
foregoing analysis shows that these relations hold with any production
function that 1s homogeneous to degree one in a competitive economy. The
Cobb-Douglas function does, however, provide a useful example that may
make these relationships more clear.

The Cobb-Douglas function is written as

0=bKL\"Y, ©
or in logarithmic form,
In@=khb+alnK +{1 —z)nL.
From this we can see that in the Cobb-Douglas case,

O=ak +{1—-al, )
so that the elasticity coefficients », and y, of equation {4} are just x and
1 — o here and clearly sum to one. N

Differentiating the production function (6) with respect to L and as-
suming competitive factor pricing gives us

L g
\\.—FL—(I 1)L.

so that the fabor share is given by

W QL

=l —a) = 2 =(t -,

g tg=t=

which is the #, elasticity coefficient in equation (7). A similar relation holds
for capital; the capital share is given by a. so that the shares are identified
with the elasticities and the sum to one.
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THE “RESIDUAL" FACTOR IN U.S. GROWTH
We can now use the production function expression for Q.

0 =K + 1, {8)
to interpret the “stylized facts” of U.S. growth, which were prezented in
Chapter 21. There we saw that in the U.S. cconomy, along trend, the capital
stock and output are growing at about 3.5 percent per year, and the labor
force is growing at about 1.5 percent. Thus, along trend, 0 = K = 0.035, and
L= 0.0!5. Wp also know from Chapter 2 that, depending on how proprictor’s
income is split between capital and labor income, the labor share of national
income is about 75 percent, while the capital share is about 25 percent. Thus,
Ny = 0.75.and Ng = 0.25.

Inserting the values for factor-input growth rates and relative shares into

the growth equation (8) gives us, on the assumption that the economy's
production function exhibits constant returns, an explained output growth of

neK + il = 0.25(0.035) + 0.75(0.015) = 0.02.

But in fact output grows along trend at about 0.035 or 3.5 percent per year!
Thus only 40 percent the growth in output is explained by input growth,
The unexplained growth in output is the residual:

Q - 7IxK - nLL = 1.5 residual.

This residual factor in economic growth is the growth of output that
cannot be explained simply by input growth with a constant-returns pro-
duction function. It is what Edward Denison has called “the measure of our
ignorance.”

A-large, and sometitnes controversial, literature centered on the works of
Denison, Kendrick, Solow, and Jorgenson and Griliches, -has developed
since the late 1950s over the explanation of the residual factor in economic
growth. In general, if inputs are being correctly measured and the production
function at any given moment is homogeneous to degree oné, then the
residual would come from the existence of technical progress. In other words,
the production function would be shifting up through time as a result of
(a) improvements in organization, (b) improvements in capital goods, ot
(c) improvements in the labor force. Whether this technical progress factor
augments specific inputs or simply shifts the production function in a neutral
way, and whether it must be embodied in new inputs, as oppoesed 1o aug-
menting both old and new inputs alike, will affect both the rate of technical
progress that is compatible with a residual factor of & given size, and the
sensitivity of output growth to changes in input growth fates.

A given rate of technical progress, if it simply shifts the production func-
tion up, will generate a larger residual than if it augments just the labor foree,
in which case it affects @ only through the fabor input clasticity 5. 1t will
give a residual that is smaller yet if it has to work through the capital flasxxci:}'
1. To put the point another way, to explain a residual factor of 1.5 percent
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per year, the rate of technical progress must be larger if it works through the
labor elasticity n, than ifit shifts the entire production function up, and larger
yetif 1t works through . In addition, il technical progress must be embodied
1n one or another of the factors, the sensitivity of output growth to invest-
ment in these factors wi xll be mL‘reastd Agam if lcchmaa] progress must be

bodied in new t an in saving and will raise
output growth not only by producing more machines, but also newer and
better machines.

The next three sectmns wﬂl brmg lhse pcmts out by studying the cases
of, first, neutral disemb prog m !h: form of production
function shifts, then lab ing disemb ical progress of
the E, = L,¢* form of Chaplexs 21-24,and finally capital-embodied technical
progress which raises the elasticity of 0 with respect to investment.

Whichever one of these assumptions is correct—or whatever mixture of
them—should have an important bearmg on intermediate-run growth
pohicy; 1f the last one, caprtal-embodi gress, is correct, there
would be a higher growth payoff, for example, to an mvc:tment tax credit
than if erther of the other two were correct.

Neutral Disembodied Technical Progress

The simplest techni introduced by Solow in 1957,
1s that progress consists of organizational improvements that just shift the
production function up through time. This kind of technical progress, it is
assumed, just floats costlessly down on the economy. In this case the produc-
tron functron can be written

Qo= A - F(K, L), Y]

where F(K,,L,) 1s our onginal cor returns duction function. If 4

is a steady autonomous upward shift in the pmdumon function we can write _
1t as

A = Age™. ) (10}

We can now derive a new expression for @ as a function of input growth
and the rate of technical progress from equation (9). First, differentiation
with respect to time gives us

49 6F dK OF dL
——F(K L) 6K.GT+ aLE
Next, the same kind of substitutions that led to equations (3) and (4) earlier
yield the growth equation
O=A+nK+nl {1n

Here ¥hc residuat has been defined as the growth rate of A, the autonomous
technical-progress shift factor. If (10} holds, then we have as a measurement
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igure 25-5

2r capita production
~iction shifting up
wugh time.

v

of the residual,

A=Q —nK~yl = (12)

and the residual is equal to the growth rate of A,
Graphically, we now have a per capita—but not necessarily per effeciite
worker——-prqducnon {uncuon that is shifting up through time. D‘?viding
the production function (9) through by L. remembering F's first-degree

homogeneity, we have
Q K
L~ A .f(f)' (13)

so that in Figure 25-5 the per capita production function shifts up through
time at the rate 2, the growth rate of 4. )
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Substituting our stylized facts into (12), we have, in the case of neutral
disembodied technical progress.

7= A =0.035 — 0.25(0.035) — 0.75(0.015) = 0015

Thus, under this assumption the rate of technical progress is defined as the
residual, about 1.5 percent per year. Substitution of this value of A back into
the expression for Q in this simple case gives us

0 =0.015+025K +0.75 L. {14)

Since technical progress is not embodied in the capital stock. a 1 pereent
increase in the growth rate of capital, K, will, in the intermediate run, increase
Q by only about 0.25 percent. There is no special technological bencfit from
increasing K since the technical progress gains float down on old machines
as well as on new. . .

On the other hand. a | percent increase in L will raise @ by 0.75 percent,
even without any embodiment of technical progress in labor, since, if income
shares are a reasonable measure of elasticities, the elasticity of output with
respect to labor is about 0.75, while that with respeet to capital is only about
0.25. Next we will sce the results of assuming that all technical change i
labor-augmenting but still disembodicd.
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Labor-Augmenting Disembodied Technical Progress

Development of the expression for @ under the assumption of labor.ay,
menting technical progress, used in the development of the neoclassicy
growth model, is fairly simple. Suppose technical progress comes throw
tmprovements in the labor force due to such things as improving skills,
that all workers share equally in these improvements. In this case, we hay
the production function

Q.= F(K,,E), [t

which is homogeneous to degree one in capital K and effective labor £
which is defined as E, = L,¢***. The growth rate of E is given by

E=L+l=n, (16

the natural rate of growth,
The expresston for the growth rate of @ from equation (15} is now

Q=neK + ek = neK +ne(L + 2. iy
1f the share of output going to effective labor is still 0.75, we can comput
the value of 4;, the rate of technical progress under the assumption of laba
augmenting technical progress from the following expression:

0035 = 0.25(0.035) + 0.75(0 015 + A,).

Solving this equation for 4, yields a value of 2 percent, which is simply
difference between the growth rate of output, 3.5 percent, and the grot
rate of labor input, 1.5 percent. Thus in the labor-augmenting case, 2, ist1
exogenous rate of growth of labor productivity. i

Since in this model, technical progress operates through the elasticity
of output with respect 1o Yabor, D.75, the technical progress parameitt, X
is 002, as opposed to 1 = 0,015 in the disembodied case. If the size of th
residual to be explained in both cases is the same, 0.015, the parameter.
will have to be larger in the case where it has less “leverage” on 0.

The expression for the growth rate of output, however, is still

¢ = 0015 + 025K + 0.75L, i1
since the lab i hnical bodied. There i

p is not [he
no additional benefit to labor force growth beyond the simple addition ¢
more labor to the production process. ;

Capital-Embodied Technical Progress

]
Both Solow and Nelson have developed simple models that embody techy
nical progress in the capital stock through the assumption that new machine$
are more efficient than old ones. In this case, an increase in investment ¥
reduce the average age of the capital stock, giving an increase in the rate
technical progress. This increase in the rate of technical progress associated,
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ettt

with a drop in the average age of the capital stock will, in turn, increase the
rate of .growth of output beyond the increase associated with a simple in-
crease in the number of machines available. Thus, as long as investment is
sufﬁment‘to {educe the average age of the capital stock. the growth rate of
output will rise both because there is more capital, and because the average
machine is becoming younger. Once the capital stock reaches its equilibrium
average age for a given ratio of investment to output, this additional “kick™
to output growth from capital stock growth will disappear. and the growth
rate of output will settle down to its long-run value. )

. Here we will develop the model with-capital-embodied technical progress
following Nelson. The capital-embodied production function can be written
as

Q.= F(J,L), {19}

with F homogeneous to degree one in labor and capital jelly, J. inputs.
The growth rate of output is now determined by the growth rates of tech-
nologically enriched capital—capital jelly. J—and the labor force:

Q = 1]_,j + uLL. {20}

Capital jelly is defined as the aggregate capital stock with each machine
weighted by a technical progress factor reflecting its newness. Thus we can

write J as
t

Y Kl + Ag) (20
ce=0

Here K,, is the capital stock of vintage t. built r years after the oldest machine
in use, which has v = 0, that is in operation at time t. 2 is the technical pro-
gress factor, a constant growth rate per year, so that (1 + )" gives the tech-
nical progress adjustment that converts cach vintage K,, into equivalent
current units of capital jelly.

From (21) we can see that if the capital stock is constant, so that net
investment is zero and each year's gross investment just replaces dying
machines with new ones, then the growth rate of J would be Jj. Each year
the technologically enriched capital stock would be more efficient by a factor
of 7, due to replacement. If the capital stock itsell is growing at a constant
rate, as it would in long-run growth equilibrium. then the expression for
the growth rate of capital jelly 1s

This gives the growth rate of J in the long-run steady state with a given ratio
of investment to output. o

Now a constant growth rate of the capital stock also implics a constant
average age of the capital stock. What would happen if the mycstment ratio
were increased so that the average age would fall? If suddenly each maﬁchmc
in the capital stock became one year younger, sO that Ad. the change m‘zhc
average age, @, were — 1, then the growth rate of J would go up by 2. sinee

suddenly each machinc would be one year more efficient. This tells u; z;; t
LY

J,
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10 introduce the effect of changing @ into equation (22) for J e should oy
(~4x Ag) to it. Then if (— AB) is, say, ore-half year, J will rise by half of
year's increase in productivity. This yields as an expression for J with avery
age changing, R

P S S .2 d
For the growth rate of output, this gives vs, :
Q= nAK + g ~ 2 A7) + e Q

Next we should examine the relation between the rate of growtk ol g
capital stock, which is the policy variable in this analysis, and the chay
m the average age. This relationship will give us the effect of increasy
investment on Q through increasing the rate of technical progress.

Nelson shows that we can approximately express Az as

A =1—(K +8)a, [
where & is the percentage depreciation rate of the capital stock. I g
investment J, 1s the sum of net investment I, plus depreciation 5K, *
I,=1,+6K,
then the expression in parentheses in (25) is

X 1
K+5=K:+a=i, 5

the ratio of gross investment to the capital stock. Thus {25) says b,
gross investment is zero, that is, K + 6 =0, then the avcrage age of ¢
capital stock will increase by one year, since no old capital is being repla
]ls‘1 net investment equals zero so that only the dying capital is being repla
then
Aa=1-6a=0,

since the average age of the capital stock js approximately the inverse oft
depreciation rate so that 5@ equals one. Finally, the greater @, the more
given increase in gross investment will reduce the average age. For examp
if the existing capital stock consisted entirely of 100 machines, all ten ya
old, so that @ were equal to 10, then gross investment of 100 new machin
would reduce 7 to 5, so that Az would be 5. If the existing stock had beea
years old, the same amount of gross investment would have reduced 7
10, so that Az would be 10. .

Substituting equation (25) for A into the expression for Q gives

O=m,{K + ig — 2e[1 — (K + &)1} + n.L.
Combining terms within the braces yields
0 =K+ i(K + &a) + L, ¢

as the expression for ¢ in the case of capital-embodied technical progre
We cn now use the repr ive U.S. data to estimate Ag—the i
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Table 25-1
Allocation of Growth of Total Output, 1929-1957
{annual growth rates)

HAEAL NATIONAL INCOME 28
INCREASE IN INPUTS 20
abor

Employment ~ 1.00
impact of shorter hours - -020
Annual hours N —053
Quahty impact 033
Education 0.17
increased experience v 0.1
Change in age-sex composiion -001
Land 000
Capital 043
Non-farm residential structures 0.05
Other structures and equipment 028
Other 0.10

INCREASE IN OUTPUT PER UNIT OF INPUT 093
Advance of knowledge 058
Growth of national market 027
Growth of local market 007
Other 009

SOURCE the Sources of Economic Growth m the United States, p 266

of constant returns to scale and repl! it with the ption of i
returns to scale.
Denison's ing of grqwth b 1929 and 1957 is shown in

Table 25-1. There we see that, real nationa} income grew by an average
annual rate of 2.93 percent over this period. Of this growth, Denison at-
tributes 2 percent per year to growth of ifiputs and 0.34 percent per year to
economies of scale. In Denison’s accounting, the residual is reduced to 067
percenit out of a growth rate of output of 2.93 percent.

Denison’s growth figures differ from the stylized facts due to differences
in the time periods used and method of analysis It is interesting, however,
to note the differences in the relative importance of different sources of
growth, since they imply different policies to encourage growth (Table 25-2).
Growth in the capital stock is most important if we assume that technical

Table 252
Refative Importance for Growth
Techmcal
Labor Capitat change
Neutral Disembodied Modet 26% 25% 49%
Capital Embodred Model 26% 39% 35%

Denison 54% 15% 2%
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change has its impact through new capital stock. Capital growth 1s Jess
mmportant in Denison’s analysis where improvement in the quality of labor
is stressed. In the neutral, disembodied technical progress model with which
we began, neither factor is as important as the fact of technical change and
less can be expected of policies that alter the growth rate of labor or c:'zpimi.
Whether growth policies should be oriented toward capital investment or
toward improvement of the labor force through education, for cxample,
will depend on important assumptions regarding embodiment of technical
progress in capital or labor. In addition, the Solow-Nelson results are pes-
simistic about the ability of policy to change the growth path, while Denison’s
are more optimistic. But none are very certain; this remains a major area
for research in macroeconomics.

These rough guesses reflect the state of knowledge of growth models,
and their relation to economic growth in reality. Presumably, the cffect of
a policy encouraging capital investment, such as accelerated depreciation
or investment tax credits, will raise the rate of growth of output, in the
intermediate run—but, of course, not at all in the long run—by between
0.25 and 0.40 of the attendant increase in the ratio of growth of the capital
stock. More than this cannot be said at the current state of empirical
knowledge of economic growth relationships.
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