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Preface

What can the book do for you?

As was the case for the first edition of this book, this new edition tries to present a
balanced overview of modern macroeconomic theory. Unlike the first edition, how-
ever, the current edition no longer carries the name of Rick van der Ploeg on its cover.
Since his return to academia after an eight-year stint in Dutch politics, Rick’s inter-
est have shifted away from macroeconomics towards the economics of resource-rich
countries. We have decided therefore to terminate our collaboration on this particu-
lar project-one we started at the University of Amsterdam in 1993. I thank Rick for
our collaboration on the first edition of the book and wish him all the best in helping
to make the Oxford Centre for the Analysis of Resource Rich Economies a success.
We will continue our research collaboration in this exciting area of policy-relevant
work.

In writing the second edition, I have adhered to the two guiding principles men-
tioned in the preface to the first edition. First, I have adopted a rather eclectic ap-
proach by paying attention not just to the most recent insights in the field but also to
developments that are currently less popular. In doing so, I hope to provide students
with a better overview of current and past debates in macroeconomic theory. History
can teach us useful lessons, provided we are willing to listen! For example, I have
chosen to include discussions of the IS-LM model, the adaptive expectations hypoth-
esis, and the Solow-Swan growth model (to mention a few). Though these theories
are currently less fashionable (and, as some economists argue, may even be “out-
dated”) it is my firm conviction that they nevertheless provide important insights.
For example, to fully appreciate the importance of the rational expectations hypoth-
esis, a good understanding of the adaptive expectations hypothesis (its immediate
predecessor) is indispensable. Similarly, to really understand the contributions made
in recent years by Real Business Cycle (RBC) economists it is useful to have a firm
understanding of the IS-LM model. Also, a good grasp of the Solow-Swan model
helps in appreciating the Ramsey model and the endogenous growth models formu-
lated in the 1980s and 1990s. Of course, as the saying goes, “old habits die slowly”
and the IS-LM model is still used extensively even though, as Blanchard has pointed
out, many people may not even know they are using it (2000, p. 1405).

The second guiding principle concerns the expositional style of the book. In addi-
tion to introducing the different theories by verbal and graphical means, I have also
aimed to successively develop “the tools of the trade” of modern macroeconomics.
In this aspect the book is related to Allen’s (1967) marvellous macroeconomic tool-
book. So instead of only providing students with a verbal/intuitive understanding
of the material (valuable as it is), I also explain the basic modelling tricks of modern

XX1
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macroeconomics. Where needed the full details of both the models and their solu-
tions are presented. Students who have worked through the textbook should have
little or no problems reading the recent journal literature in macroeconomics.

How can the book be used?

Depending on the background of students, the book can be used in the undergradu-
ate and/or the graduate curriculum. Part 1, consisting of Chapters 1-10, can be used
in an intermediate macroeconomics course in the undergraduate curriculum. For ex-
ample, I use Chapters 1-10 in my third-year macroeconomics course in the bachelor
program at the University of Groningen. Students in this course have been exposed
to Mankiw (2007) in their first year, and Gértner (2006) in their second year of stud-
ies. In addition, these students have studied basic mathematical methods at the level
discussed, for example, in Hoy et al. (2001).

Part 2 of the book consists of Chapters 11-17 and is aimed at first-year master stu-
dents and beginning doctoral students. In the graduate curriculum, the book can be
used as the main text in a first-semester macroeconomics course or as a supplemen-
tary text for an advanced graduate macro course. At the University of Groningen,
for example, I use Chapters 13-17 in my half-semester macroeconomics course in the
masters programs. The book is also well suited for beginning doctoral students with
no (or insufficient) previous training in macroeconomic theory. Parts of Chapters
13-17 were used in the various graduate courses I have taught over the years for the
Netherlands Network of Economics (NAKE), the Tinbergen Institute, CESifo, and
the Institute for Advanced Studies (Vienna).

Intermezzi

The book contains a number of so-called intermezzi. We use the term ‘intermezzo’
in an extended and unusual sense. Recall that in music an intermezzo is a composi-
tion that is played in between acts of a play or movements of a much larger musical
piece. In this book, the intermezzi do not make any sound but, like in music, they are
‘small morsels in between big chunks’. They serve a number of purposes. First of all,
they ensure that upon first reading students are not distracted by complex technical
intricacies. Second, they allow for in-depth coverage of a number of key results in
theoretical macroeconomics. Furthermore, in combination with the chapter appen-
dices and the mathematical appendix at the end the book, they cover all technicalities
necessary for a sound understanding of modern macroeconomics. Whereas the ap-
pendices are purely aimed at mathematical results, the intermezzi focus more on the
fault line between mathematics and theoretical macroeconomics. Finally, the inter-
mezzi serve as reference tools for readers who wish to reacquaint themselves with
things they used to know but have forgotten.

Changes for the Second Edition

The book has been thoroughly rewritten over the past few years. Compared to the
first edition, it has grown in size by about twenty-five percent despite the fact that
one chapter was deleted. The main changes are as follows.
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e The current book includes thirty-one intermezzi, of which twelve are new. All
of these have been extensively checked and streamlined. They are now num-
bered so that cross referencing is facilitated, with the first digit denoting the
chapter in which the intermezzo is located. The new intermezzi are 2.1, 4.2,
52,53,6.1,11.1,13.1,13.2,13.3,14.1, 16.1, and 17.1.

e One chapter from the first edition has been dropped, namely the one entitled
“The Macroeconomics of Quantity Rationing.” I stopped using this chapter in
my own teaching some time ago, and the literature it covers no longer seems
to be the foundation for any current thinking in macroeconomics. (Lecturers
who nevertheless want to use this chapter should contact me.)

e The new Chapter 5 has been rewritten substantially. It now includes a discus-
sion of the two-period model with endogenous labour supply, and also pro-
vides a better explanation of Ricardian equivalence in a small open economy
setting. Furthermore, it features new material on the welfare costs of taxation.

e In Chapter 6, the empirical data were updated to better reflect labour market
developments during the last three decades or so. It also contains some new
material on the three-factor production model.

e Chapter 8 now includes a short discussion of the efficiency properties of the
search and matching model in the text. It also features a detailed appendix
on the Hosios condition. This appendix is best skipped (or skimmed) at first
reading but can be fruitfully revisited after students have studied Chapter 15
on RBC theory.

e Chapter 10 has been completely rewritten, especially the sections on the ex-
tended Mundell-Fleming model, shock transmission in a two-country world,
and international policy coordination. In addition, it now also features a brief
appendix on the Aoki-trick by which the comparative statics for two-country
models can be studied analytically.

o Chapter 11 has been shortened somewhat by dropping the material on the in-
finite horizon model and the appendix. This was a case of “the wrong material
at the wrong place” in the book.

e The chapter entitled “Theories of Economic Growth” from the first edition has
been split into two separate chapters. Chapter 13 deals with theories of ex-
ogenous growth. It includes new material on the speed of adjustment and on
optimal control methods for solving the Ramsey model.

e Chapter 14 discusses the main theories of endogenous growth. The material
from the first edition has been completely rewritten. It now includes more
thorough discussions of AK models and of transitional dynamics in endoge-
nous growth models. In addition, the chapter includes new material on the
quality ladder model of economic growth.

o Chapter 16 has been completely revamped. It now includes new material on
visualizing the Yaari model (both with and without annuities) for a realistic
demographic process, on endogenous economic growth and finite lives, on the
small open economy, and on life-cycle labour supply and the retirement deci-
sion.



XXiv FOUNDATIONS OF MODERN MACROECONOMICS, SECOND EDITION

e Chapter 17 has also been thoroughly rewritten. I have cut the text on inter-
generational accounting and have added new material on endogenizing the
fertility decision of a dynastic household.

e The Mathematical Appendix has been streamlined. The section on dynamic
optimization has been expanded and now includes a discussion of the relation-
ship between the method of Lagrange multipliers and the optimum principle
of optimal control theory.

Visible means of support

It somehow seems impossible to produce a book of this size without generating (free
of charge) some typos and errors. Needless to say, all such errors and typos will be
published as I become aware of them. I will make the errata documents available
through my homepage:

http://www.heijdra.org

So please let me know about any typos and/or errors that you may spot. This is what
you can do for the book! The contact address is: info@heijdra.org. As a (weak
substitute for a) reward, I will mention your name prominently on the website (as
having contributed to the public good). Of course, your name will also feature in the
Acknowledgements section in any future edition of the book.

The website also includes ready-to-use slides for all chapters in PDF format.
Teachers who wish to adapt these slides to their own purpose or software platform
can download the IXTEX 2¢ code and all figures (in EPS and EMF formats) and pro-
ceed from there.

Together with Laurie Reijnders and Ward Romp, I have written an accompany-
ing Exercise and Solutions Manual which will also be published by Oxford University
Press. This hands-on exercise book contains a large number of problems plus model
answers. These problem sets allow the interested student to further develop his/her
skills.
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Chapter 1

Who is who in macroeconomics?

The purpose of this chapter is to achieve three goals:

1. To investigate the effectiveness of monetary and fiscal policy on output, em-
ployment, the interest rate, and the price level,

2. To introduce the most important past and current schools of thought in macro-
economics, and

3. To (partially) refresh and extend the macroeconomic knowledge from first-year
courses.

In order to achieve these goals, we first have to discuss some elementary concepts
relating to the aggregate labour market and the demand for money. It turns out that
the most important differences of opinion between (most varieties of) Classical and
Keynesian economists can be traced back to their respective assumptions regarding
the labour market, expectation formation, and money demand.

1.1 The aggregate labour market

Our discussion of the labour market in this chapter is very basic. In Chapters 6-8
we return to this important topic in more detail. The stylized account of the labour
market uses the devices of the aggregate demand for and supply of labour.

1.1.1 The demand for labour

The central element in the basic theory of labour demand is the production func-
tion. Perfectly competitive profit-maximizing entrepreneurs utilize this production
function under the restriction that the capital stock is given in the short run. The
production function is thus given by:

Y = F(N,K), (1.1)

where Y is real output, K is the given capital stock (machines, PCs, cars), N is
the amount of labour employed, and F(-,-) is the production function. The mar-
ginal products of labour and capital are denoted by Fy = 9F(N,K)/dN and Fx =
dF(N,K) /0K, respectively. Furthermore, we assume that the marginal product of
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labour (capital) declines as employment (capital) is increased, i.e. Fxy = 9°F(N, K)/
ON? < 0 (Fgx = 9*°F(N,K)/9K?* < 0). Too many cooks in the kitchen spoil the
broth. We also assume that the factors are cooperative in the sense that increasing
one factor raises the marginal productivity of the other factor (9°F(N,K)/0KON =
Fxy = Fag = 92F(N, K)/9N0K > 0). The use of robot mixers in the kitchen thus en-
hances the productivity of the cooks. Finally, we assume constant returns to scale so
that doubling all factors of production induces a doubling of output. More precisely,
F(AN,AK) = AF(N, K) with A any positive constant.
Short-run profits are defined as revenues minus the wage bill:

IT=PY - WN, (1.2)

where IT is nominal profit, P is the price charged by the firm, and W is the nominal
wage rate. In words, all revenue (PY) that is not paid to the variable production
factor labour in terms of wages (WN) is considered profit, which is the reward that
accrues to the owners of the capital stock (note that we ignore taxes for the moment).

We assume perfect competition on the aggregate goods market, so that the indi-
vidual firm cannot exert any influence on the price it charges for its product. Hence,
the only choice that is open to the firm (in the short run) is to determine the amount
of production (Y) and employment (N) such that profit is maximized. By substitut-
ing the production function in the profit definition, we see that once employment
is chosen, output is also automatically chosen. The problem for the firm is thus to
choose N to maximize I1:

maxII = PF(N,K) — WN. (1.3)
{N}

The firm can do no better than to follow the following decision rule:
dIl _
— =0 PF, K)—-W = 14
dN 0 N (N/ ) 144 0, ( )

where the second-order condition implies that (1.4) describes a maximum: d?T1/dN? =
PFxy < 0 (because P > 0 and Fyy < 0 by assumption). The interpretation of (1.4)
is clear; the firm should keep expanding its employment up to the point where the
marginal unit of labour exactly breaks even (in the sense that the additional output
produced by the marginal worker yields a revenue that exactly covers the wage that
is paid to the worker). In terms of Figure 1.1, the profit maximum occurs at point A.
(At points B and C the firm makes no profits.)

The decision rule (1.4) is a vitally important element in the macroeconomic labour
market story. It is also relatively uncontroversial: virtually all macroeconomists be-
lieve in some version of equation (1.4). We can easily transform (1.4) into the demand
for labour, a schedule which shows how much labour a firm wants to hire for a given
real wage rate. Formally, we can view equation (1.4) as an implicit relationship be-
tween NP (the superscript “D” stands for demand) on the one hand and the real
wage, W/P, and the given capital stock, K, on the other. The partial derivatives
of this implicit relationship can be obtained by using the trick of implicit functions.
First, we totally differentiate equation (1.4):

dFN(NP,R) =d(W/P) = FxndNP + FxgdK = d(W/P), (1.5)

or, after rearranging terms:

AND = —%,ﬂz + ﬁd(W/P). (1.6)
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Figure 1.1: Short-run profit maximization
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W/P

-------- NP(W/P, K,)
NP(W/P, Ky)

Figure 1.2: The demand for labour

Since Fxy < 0, the marginal product of labour falls as more units of labour are em-
ployed. As a result, equation (1.6) states that a higher real wage (d(W/P) > 0)
diminishes the demand for labour (AN < 0) ceteris paribus (i.e. holding K con-
stant). Hence, 1/ Fny in equation (1.6) can be interpreted as the partial derivative of
the implicit function between NP and (W /P, K) with respect to the real wage, W/P.

The partial derivative with respect to the capital stock is obtained in a similar
fashion (and is equal to —Fnx/Fny > 0). Since labour and capital are coopera-
tive factors of production, increasing the capital stock raises the marginal product
of labour. For a given real wage rate, the profit-maximizing firm thus hires more
labour.

In summary, we can write:

F
0, NP=-X o (1.7)

i} 1
D _ \7D D _
NP =NP(W/P,K) Nip =7 e

— <

NN
In terms of Figure 1.2, varying the real wage rate implies a movement along a given
demand for labour curve, whilst increasing the capital stock shifts the demand curve
to the right. A higher cost of labour or a lower capital stock necessitates a higher
marginal productivity of labour and thus a lower demand for labour.

1.1.2 The supply of labour

In the previous section we implicitly assumed that firms can freely observe the ac-
tual values of the price level and the wage rate (P and W). This is realistic enough,
because all the individual firm must do is to observe its own price and the wage paid
to its own workers.

Matters are somewhat more complicated for the households, who are the suppli-
ers of labour in our stylized account of the labour market. Indeed, in the decision
about goods consumption and labour supply, the households may know their own
nominal wage (W) with certainty, but they may not know how much they can ac-
tually consume with that wage. The household has to estimate the price of a whole
basket of goods, a task inherently more difficult than the one facing the individual
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firm. The simplest way to introduce this asymmetry in information is to assume that
the household forms a guess about the aggregate price level, denoted by P (where
the superscript “e” stands for expected).

The household derives utility from goods consumption (denoted by C) and leisure
(1 — N%). The household “owns” one unit of time, of which N*° units are spent work-
ing, so that time available for leisure is equal to 1 — N°. We write the utility function
in general terms as U(C, 1 — N°) and assume positive but diminishing marginal util-
ities: Uc > 0, Uy > 0, Uge < 0, and Upn1-n < 0. Some extra consumption of
goods and leisure is fun, but less so if you already consume a lot or have plenty of
spare time to enjoy. In addition, we assume that indifference curves bulge toward
the origin, i.e. UocUj-N1-N — U%J_N > 0.

The household chooses that combination of C and 1 — N° for which the highest
possible satisfaction is attained (as measured by U(-,)), given the expected price
level, P¢, and the (expected) budget restriction P°C = WN 5. We assume that the
household has no sources of income other than wages. Formally, we can thus write
the problem for the household as follows:

max U= U(C,1—N°) subjectto P°C = WN°. (1.8)
{CN5}

This problem looks rather prohibitive, but we can make it easier by substituting the
level of consumption implied by the budget restriction (C = (W/P¢)N®) into the
utility function. The household then only has to choose the level of labour supply:

_ e S S
?}Va;}(U:U((W/P )NS,1— N ) (1.9)

This yields a straightforward decision rule for the household:

au
dN5

The first term on the left-hand side (i.e. (W/P¢)Uc) measures the marginal benefit
of supplying one extra unit of labour to the labour market. By working more, the
household obtains more income, especially if the real wage is high, and hence more
consumption. The second term (i.e. Uj_y) measures the marginal cost of that extra
unit. By supplying more labour, the household misses out on valuable leisure time.
In an optimum the household sets the marginal benefit equal to the marginal cost of
supplying an additional unit of labour.

In principle we could now proceed by investigating what happens to labour sup-
ply and consumption if the expected real wage rate is varied. Mathematically this is
slightly more involved than for the labour demand equation, so that we first derive
the basic intuition concerning labour supply by graphical means. (The mathematical
derivation of labour supply is given in Chapter 6.)

In Figure 1.3 we plot consumption on the vertical axis and leisure on the horizon-
tal axis. The initial expected real wage is (W /P¢)y, and the budget line goes through
Co (= (W/P®)p) on the C-axis, and 1 on the (1 — N¥)-axis. The optimal consumption-
leisure choice occurs at the point where an indifference curve has a tangency with
the budget line. This occurs at point Ep, where consumption is C, leisure is 1 — Ng ,
and the level of utility is Up. By plotting the implied value of labour supply, N,
against the expected real wage rate in Figure 1.4, we obtain the first point on the
labour supply curve.

=0: (W/P)Uc— Uy =0. (1.10)
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Figure 1.3: The consumption-leisure choice

Suppose now that the expected real wage is a bit higher, say (W/P¢);. In terms
of Figure 1.3 this implies that the budget line rotates in a clockwise fashion around
the intersection point on the leisure axis. The new intersection on the consumption
axis is at C; (= (W/P?)y). For the case drawn, the new optimum choice occurs at
point E;, which lies above and to the left of the initial point Ey. Consumption is Cy,
leisure is 1 — N7, and the level of utility is Uj;. By plotting the implied value of labour
supply, N7, against the real wage rate in Figure 1.4, we obtain the second point on
the labour supply curve. By connecting the two points we obtain the labour supply
schedule, labeled N° (W /P¢), which for the case drawn slopes upward.

Unlike the labour demand curve, which always slopes downwards, the slope
of the labour supply curve is not necessarily positive. The reason is that there are
two, potentially offsetting, effects that confront the household when the expected
real wage rises. The first effect is called the pure substitution effect. To determine this
effect, we ask ourselves the question what combination of consumption and leisure
the household would choose at the higher expected real wage if it were somehow
restricted to remain at the initial level of utility Uy. In Figure 1.3, we see that the
household would choose point E’, where consumption is Cc, leisure is 1 — N2, and
labour supply is Ng (the subscript “C” stands for compensated). The move from the
initial point Ey to the (hypothetical) compensated point E’ constitutes the pure sub-
stitution effect (i.e. SE). Intuitively, the pure substitution effect says that a household
will buy less of anything for which the price has risen. A rise in the expected real
wage rate means that the price of leisure has gone up. Consequently, the household
buys less of it. This gives us an interesting result: the compensated labour supply curve
is always upward sloping (see N°(W /P, Uy) in Figure 1.4).
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Figure 1.4: The supply of labour

The second effect is called the income effect. It says that, for a given initial level
of labour supply N3, a higher expected real wage implies a higher expected real in-
come, or, (W/P¢ )1N05 > (W/ P")ONg. Provided leisure is a normal good the house-
hold would react to this higher income by purchasing more leisure, not less. Hence,
the income effect (i.e. IE), which is represented by the move from point E’ to E;,
works in the opposite direction to the pure substitution effect. As it happens, Figure
1.3 has been drawn for the case where the substitution effect dominates the income
effect, so that labour supply slopes up. The other cases cannot be excluded on a pri-
ori grounds, however, and the issue can only be fully resolved by empirical means
(see Chapter 7).

Mathematically, we can represent the labour supply curve in general form by:

W/P*=g(N°), gvZ0 <« SEZIJIE|, (1.11)

where |IE| is the absolute value of the income effect and SE is the substitution ef-
fect. A higher real wage thus has two effects on labour supply. On the one hand,
it makes leisure more expensive which induces households to have less leisure and
work more hours (the SE). On the other hand, a higher real wage raises the income
of households so they become lazier and work less hours (the IE).

Equation (1.11) can be written in a more useful form by writing:

W/P = (P°/P)g(N®). (1.12)

The interpretation is easy. If households overestimate the price level (i.e. P° > P),
they will demand a higher real wage for a given level of labour supply than if they
had estimated the price level correctly. This is exactly the mechanism behind the
Lucas Supply Curve that we discuss in Chapter 3.
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1.1.3 Aggregate supply in the goods market: Adaptive expectations

We have developed a logically consistent description of the aggregate labour market
consisting of equations (1.7) and (1.12). We must now assume something about the
way in which households form their expectations. Since we shall return to this issue
in Chapters 3 and 4 in more detail, we simply postulate two alternative assumptions
regarding the expected price level: (i) the adaptive expectations hypothesis (AEH) and
(ii) the perfect foresight hypothesis (PFH).

Under the AEH the expected price level is given in the short run, but moves
slowly to correct for past expectational errors. Using t as an index for time (e.g.
years), the AEH mechanism is:

Ply=P+(1-A)[Pf-PF], 0<A<L (1.13)

This equation says that households expect the price in the future period t + 1 to be
equal to the actual price in the current period t if their expectations proved correct in
the current period. If, instead, they have mis-estimated the price level in the current
period (Pf # P;), they incorporate part of the expectational error in the revision of
their expectation in the current period, where A represents the speed with which
households update their price expectations. We find it convenient to use the short-
hand notation for the AEH:

APS =A[P—Pf], 0<A<1,  (AEH), (1.14)

where the A-operator stands for the change in a variable from one period to the next,
ie. AP{ , = P{ | — P{. Equation (1.14) captures sluggish adjustment of expectations
regarding the price level.

The second, diametrically opposed, assumption regarding expectations is the

PFH. It simply states that households expect the price level that actually holds:
P =Py, (PFH). (1.15)

The PFH can be seen as the deterministic counterpart to the rational expectations
hypothesis (REH) discussed in Chapter 3.

The labour market description can be used, in combination with either AEH or
PFH, to describe the supply curve (AS) on the aggregate goods market. Obviously,
the form of this AS curve depends on the particular expectations hypothesis used.
We first consider the AS curve under the AEH. This is illustrated in Figure 1.5. Sup-
pose that the initial price level is Py and that the expected price level is equal to this,
i.e. Pj = Py. In that case, households make no expectational error, supply the “cor-
rect” amount of labour, labour market equilibrium determines the right amount of
employment and the correct real wage, and output is (via the short-run production
function) equal to so-called potential output Y*. In terms of Figure 1.5, north-west
panel, the labour supply function (1.11) is given as W = PSg(N%) and the labour
demand function (1.7) is given implicitly by W = PyFy (NP, K) (note that we have
put the nominal wage, W, on the vertical axis). The equilibrium nominal wage is W
and employment is N*, so that Y* = F(N*,K). Now consider a higher actual price
level, say P;. The expected price level is still equal to Pj and the labour supply curve
is unchanged. The demand for labour shifts up, to W = P; Fy(N D K), so that labour
market equilibrium is at point A, the nominal wage rate is W, employment is N
(greater than N*), and output is Y; (greater than Y*). This yields the second point



CHAPTER 1: WHO IS WHO IN MACROECONOMICS? 11

W=P,F, W=P, g(N®
W e X0 e

' Py |
T N .
W0 ..................

Y=F(NP, K)

*

N N v

Figure 1.5: Aggregate supply and expectations

on the AS curve. Employment and output are larger because the actual real wage is
lower. This is due to the fact that households have underestimated the price level
and consequently overestimated their real wage. Point B corresponds to a lower ac-
tual price level and a lower level of aggregate supply of goods; it can be derived in
a similar fashion as point A. In the north-east panel of Figure 1.5, the curve labeled
ASgp is upward sloping and passes through points B, Eg, and A.

The AS curve under the PFH is even easier to derive. Expected and actual prices
always coincide, so labour supply is always based on the correct information (as
is labour demand), employment is always equal to N*, output is equal to Y*, and
the aggregate supply curve, ASppy, is vertical. This is also illustrated in Figure 1.5,
where the equilibrium points associated with P; and P, are given by, respectively,
points E; and E;.

Before we move on, we find it instructive to give an analytical derivation of the
AS curve. The labour demand and labour supply curves (1.7) and (1.11) may be
written in terms of elasticities:

dNP dK dW  dp

= koolwo B (116

dN°® dW  dpe

= W) (47
where ep = —Fy/(NFyy) and es = ¢(N)/(Ngn) denote the wage elasticities of

labour demand (expressed in absolute value) and labour supply, respectively.! We
assume that the substitution effect dominates the income effect in labour supply, so
that eg > 0. We furthermore assume equilibrium on the labour market, N = N D —

n the derivation of (1.16) we have made use of the following property of linear homogeneous pro-
duction functions: KFyx = —NFyy. See Intermezzo 4.3 in Chapter 4 on production theory for further
properties.
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N¥, so that the above expressions for labour demand and labour supply can be used
to solve for the real wage:

dw  dP 1 dK dP  dp°¢
w‘p‘w[ﬁ_gs(fpf)} o

If we substitute this result into the labour demand schedule and subsequently into
the differentiated production function,

L s (e (119)

av _
- N K’

Y

where wy = WN/PY stands for the national income share of wages, we obtain an
expression for the relative change in the aggregate supply of goods:

dl _ WNEDEs (dp B dpe> (1— OJN)ED + &g g

. A 1.2
Y ep+ée \ P pe ep +ég K (AS) (120)

Ceteris paribus, a bigger capital stock boosts the marginal productivity of labour
and thus the real wage. This attenuates the rise in the aggregate supply of goods.
Anticipated price changes (dP°/P° = dP/P) do not affect real wages, employment,
or the aggregate supply of goods. Unanticipated price changes, however, do affect
these variables. For example, if the actual price level turns out to be bigger than
the expected price level, the real wage falls and thus employment and the aggregate
supply of output rise.

Expression (1.20) corresponds to the AS curve derived graphically in Figure 1.5.
As we have derived above, under the PFH we clearly have a vertical AS curve which
shifts to the right if the capital stock expands. Under the AEH, the expected price
level is fixed in the short run so that the AS curve slopes upwards. In this case, the
AS curve also shifts to the right if the capital stock rises. Over time expectations
regarding the price level may be adjusted which leads to shifts in the AS curve. For
example, if in any period the actual price level rises above the expected price level,
in subsequent periods the expected price level will be revised upwards. This lowers
the purchasing power households expect from their wage income, so households
decide to work fewer hours. This induces a rise in the real wage and thus a fall in
labour demand and employment. Consequently, aggregate supply of output falls.
This argument shows why a rise in the expected price level shifts the AS curve to the
left.

1.1.4 Nominal wage rigidities

As we have seen above, the AEH assumption ensures that the nominal price level af-
fects aggregate supply in the economy. We now consider an alternative assumption.
Modigliani (1944) demonstrated that there is a way in which an upward-sloping
(segment of the) aggregate supply curve can be generated even if we adopt the PFH.
Modigliani assumes that nominal wages are inflexible downwards, but perfectly flex-
ible in the upward direction. Workers hate wage cuts, but love a rise. In Figure 1.6,
we assume that the rigid nominal wage is equal to Wy and that Py is the price level
at which full employment holds. We assume the PFH (1.15). The situation for price
levels exceeding P is straightforward. The nominal wage rises to keep the real wage
constant and maintain full employment. The situation is different for a lower price



CHAPTER 1: WHO IS WHO IN MACROECONOMICS? 13

W | yepp. WePFL WePLGOV)
G . W=P, g(N%)
Wl .......................
AN C_.W=p, o(V)
WO . L ”.’
N NN N % Y
Y e 2 v : 2
. { EB
Y .......... ......... O T e e et ......... E.B
AE ................................................................................ :
A
Y=F(NP, K)
N~ N Y

Figure 1.6: Aggregate supply with downward nominal wage rigidity

level than Py, however. For example, if P = P,, the demand for labour is given by
W = P,Fy(NP, K), but the effective supply of labour is the horizontal line segment
WyC. Since we assume that the nominal wage rate is not allowed to fall, employment
equals N (< N*) and there are N5 — N> units of labour unemployed. By not allow-
ing their wages to fall in nominal terms, the households end up partially pricing
themselves out of the labour market.

1.2 Aggregate demand: Review of the IS-LM model

From our first-year course in macroeconomics, we recall that the demand side of the
economy can be described by means of the IS-LM model. For the closed economy
this model can be written as:

Y=C+I+G, (1.21)
C=C(Y-T), 0<Cy_r<1, (1.22)
I=I(R), Ix<0, (1.23)
T=T(Y), O0<Ty<]I, (1.24)
M/P=1(Y,R), Iy>0, Ig<0, (1.25)

where [ is investment, G is government spending, T represents taxes, and R is the
rate of interest. Equation (1.21) is the usual national income accounting identity,
(1.22) is the consumption function expressing C as a function of disposable income,
Y — T, where Cy_r denotes the marginal propensity to consume (MPC, in short) out
of disposable income. The investment equation is given in (1.23). A higher rate of in-
terest means that the cost of capital is high, leading entrepreneurs to lower the level
of investment. Equation (1.24) shows that tax receipts depend on the level of income
generated in the economy; Ty stands for the marginal tax rate. Equations (1.21)-(1.24)
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implicitly define the IS curve, that is the combinations of R and Y for which there ex-
ists spending equilibrium. Finally, equation (1.25) is the money market equilibrium
condition, equating the real money supply, M/ P, to the real demand for money. This
last schedule has proved a real bone of contention between the different schools of
thought in macroeconomics, and consequently it warrants some further discussion.

1.2.1 The demand for money

Why do people hold money, even though it does not pay any interest? This is one of
the unresolved questions in macroeconomic theory. Over the centuries, some of the
finest minds in economics have broken their heads over this issue, and some (partial)
answers are indeed available. Keynes claimed that the money theory proposed in his
General Theory represented a radical break with the traditional wisdom of his days.
In this section we show in what sense Keynes may have meant this statement.

There are two main motives for holding money balances, the transactions motive
and the speculative motive. The transactions motive runs as follows. People like to
consume goods steadily over the course of the month (say), but usually only get
their income paid once a month or once a week. Since cash is used as payment
in many transactions, people need a certain amount of cash during the period in
between pay cheques. They could, of course, put their income in the bank in an
interest-earning savings account and get the necessary amount needed for transac-
tions each day (hour, minute, second?) but that would involve a lot of trips to the
bank and involve substantial transaction costs and a loss of valuable leisure time.
A more reasonable approach would be for the households to decide on an opti-
mal cash management problem: choose the number of trips to the bank such that
the marginal costs and benefits of the savings account are equated. Out of this cash
management problem we would certainly obtain an interest sensitivity of money de-
mand, since interest represents the income foregone when wealth is held in the form
of money. We would also expect that the transactions demand for money would
depend positively on the real stream of transactions that the household wishes to
conduct. Economy-wide we can proxy this effect on real money demand with the
specification (1.25).

Intermezzo 1.1

Baumol'’s transactions theory of the demand for money. Let k be the
number of transactions per period (month or week), so that average
money holdings are given by M/P = 1Y /k. Households choose the
number of transactions and thus average money holdings by mini-
mizing the sum of foregone interest on money holdings (the oppor-
tunity cost) and transactions costs: %RY /k + ck, where c denotes the
cost per transaction (bank costs plus leisure time). Minimization by
choice of k yields the first-order condition:

—Q+c—0
2k2

The second-order condition is RY/k®> > 0, confirming that the op-
timum is indeed a minimum. The first-order condition implies the
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following optimum number of transactions and demand for money:

e JR M_Y _ [ov
“V2c' P 2k V2R

Hence, the higher the cost per transaction, ¢, and the lower the op-
portunity cost of holding money, R, the higher the demand for real
money balances. Money demand rises with the square root of income
and is proportional to the price level.

bl

Another motive for holding money that was stressed by Keynes is the so-called
speculative motive (called “the demand for money to hold as an asset” by Modigliani
(1944)). Money has two important properties: it is very liquid, and it is risk free in
the absence of inflation (a euro is still a euro tomorrow). Other assets such as shares
and bonds fluctuate in value (even in real terms, once corrected for inflation) and are
hence both more risky and less liquid. Keynes (and Modigliani, 1944) suggests re-
gressive expectations as a rationale behind the liquidity preference. The story runs as
follows. If the rate of interest is very low then prices of bonds are very high (the price
of a consol that pays 1 euro indefinitely is Pg = (1+R) !+ (1+R)"2+--- =1/R.
Hence, bond prices and interest rates move in opposite directions). Investors expect
that high prices of bonds cannot persist forever, and thus anticipate that bond prices
will fall (Pp falls, or R rises). In other words, they expect a capital loss on bonds,
which prompts them to hold most of their wealth in the form of money (we take
into account the differences in riskiness of money and bonds to avoid the conclusion
that the agents choose a corner solution: either all money or all bonds). The specula-
tive demand for money thus motivated depends negatively on the interest rate, i.e.
I <0.

Keynes suggested that, for a given output level Y, the liquidity preference func-
tion /(Y, R) may have the form as drawn in Figure 1.7. If the rate of interest is very
high (R > RM4X) households will not hold any cash for speculative purposes. Bond
prices are very low and capital gains on bonds are expected. So why hold money?
On the other hand, Keynes argued, if the rate of interest is very low (R < RMIN ) then
people would become indifferent between holding their wealth in terms of money
or bonds. The liquidity preference function would become perfectly elastic at that
minimum rate of interest, R™N. This is called the liquidity trap, the consequences of
which are studied below.

1.2.2 The IS-LM model

The money market is represented by equation (1.25). The LM curve represents all
combinations of output Y and the rate of interest R for which the money market is
in equilibrium. Formally, the properties of the LM curve can be found by using the
implicit function trick once again:

d(M/P) = IydY + IzdR = dR:M. (1.26)

Ir
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Figure 1.7: The liquidity preference function

The slope of the LM curve is thus —Ily/Ig > 0, while the effect of the real money
supply on the rate of interest is equal to 1//g < 0. Graphically, the LM curve is
derived as in Figure 1.8.2 In that figure, the LM curve in the top right-hand panel is
obtained by trying different interest rates and completing the dotted rectangles. For
example, for R = RMAX the relevant rectangle is made up of points AjAyAzAy.

We have shown with equation (1.26) that the LM curve, typically, slopes upwards
and shifts to the right if real money balances expand. A higher interest rate lowers
money demand, so national income must be higher to boost money demand back to
the unchanged level of money supply. A higher money supply or a lower price level
pushes up bond prices and thus lowers the interest rate. We note that the LM curve
is vertical for high rates of interest, and horizontal for low rates of interest (provided
we accept Keynes’ liquidity preference function as drawn in Figure 1.7).

The IS curve represents combinations of output Y and the rate of interest R for
which there exists aggregate spending balance. Formally, by using equations (1.21)-
(1.24) we derive the IS curve as follows:

Y = CY—=TY)+IR)+G =
dY = Cyq(1—Ty)dY + IxdR +dG, (1.27)

or, after rearranging:

dG + IrdR

dY = .
1-Cyr(1-Ty)

(1.28)

Increasing government spending stimulates output for a given level of the interest
rate. Students are invited to derive the IS curve graphically as well.

2For the special case where the demand for money is additively separable and can be written as k(Y) +
I(R). This assumption facilitates the graphical derivation of the LM curve because it allows us to place
k(Y) and I (R) in separate panels in Figure 1.8.
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Figure 1.8: Derivation of the LM curve

1.2.3 The AD curve

As we know from first-year courses in macroeconomics, the demand side of the
economy is in equilibrium if there is simultaneous spending and money market
equilibrium. This demand-side equilibrium corresponds to the intersection of the
IS and LM curves and is summarized by the AD curve, that is those combinations
of output Y and the price level P for which there is money market equilibrium and
spending equilibrium. By using (1.26) and (1.28), the expression for the AD curve
can be obtained:

_ dG + (Ig/Ig)(M/P) [dM/M — dP/P|

dy ’
1= Cyr(1=Ty)+IyIr/IR

(AD). (1.29)

The AD curve can also be derived graphically. This is left as an exercise for the
students.

The intuition is as follows. A higher price level erodes the real value of money
balances and thus exerts an upward pressure on the interest rate. This depresses ag-
gregate investment and thus lowers the aggregate demand for goods. Consequently,
the AD curve generally slopes downwards. A higher level of public spending or a
boost to the nominal money supply boosts aggregate demand and thus shifts out the
AD curve. The former case induces a rise while the latter case a fall in the interest
rate.

1.2.4 Effectiveness of fiscal policy

The output multiplier for public spending given in equation (1.28) equals the in-
verse of the marginal propensity to save out of income plus the marginal tax rate,
ie. 1/[1 — Cy_7(1 — Ty)], and thus exceeds unity.®> This multiplier is relevant when

3Since Cy_1 and Ty are both between zero and one, it follows that 0 < Cy_r (1 —Ty) < 1 so that
the multiplier exceeds unity. Aggregate saving is defined as S(Y) = Y — C(Y — T(Y)) — T(Y) so that
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the interest rate is exogenous (i.e., when we consider only the IS curve) or if invest-
ment does not depend on the interest rate. It was first derived by a colleague of
John Maynard Keynes, namely Richard Kahn (1931). An instructive way to write
this multiplier is as follows:

ay

o= 1t Cyr(1—=Ty)+C2 (1 -Ty)?+C3 (1 —Ty)> +---
1
= . (1.30)
1-Cyr(1-Ty)

Let us assume for the sake of argument a marginal propensity to consume of three
quarters (Cy_r = 3/4) and a marginal tax rate of one third (Ty = 1/3). The impact
effect of a one million euro bond-financed increase in public spending yields a one
million euro increase in aggregate demand and national income. Of that increase in
national income one sixth of a million is saved and another one third of a million is
taken by the tax men. The remainder, i.e. half a million euros, is consumed and is
the second-round boost to national income. Of that second-round boost one twelfth
of a million is saved and one sixth of a million is brought to the tax men. A quarter
of a million is left for consumption and induces the third-round boost to national
income. This multiplier process is continued ad infinitum leading to a total increase
in national income of two million euros (namely 1 + 0.5+ 0.25 4+ 0.125 + - - -) and
corresponding to a Kahn multiplier of two. Hence, for every euro pumped by the
government into the economy, national income expands by two euros.

The magnitude of the Kahn multiplier is smaller if saving leakage and tax leak-
age are substantial, that is if the marginal propensity to consume is small and the
marginal tax rate is large. For example, if the marginal tax rate is zero, the multiplier
is four instead of two. For a small open economy, this multiplier is smaller again if
there is a lot of import leakage (see Chapter 10).

Expression (1.29) shows the Keynesian multiplier for a bond-financed rise in pub-
lic spending, which is relevant when the interest rate is endogenous (i.e., when we
consider both the IS and the LM curve) and the price level is rigid (at least in the short
run). This multiplier is thus only relevant under the assumption of sticky prices. The
Keynesian multiplier is smaller in magnitude than the Kahn multiplier given by ex-
pression (1.30) on account of crowding out of private investment. This is captured
by the additional positive term IyIg/Ir in the denominator of the Keynesian mul-
tiplier. The intuition is as follows. A bond-financed rise in public spending leads
to a greater supply of government bonds and thus exerts a downward pressure on
bond prices and an upward pressure on interest rates. This leads to a fall in private
investment and a fall in aggregate demand and employment, so that the Keynesian
multiplier is smaller in magnitude than the Kahn multiplier. The extent of crowding
out is more significant if private investment is very sensitive to changes in the inter-
est rate (|Ir| large) while money demand is not very sensitive (|/g| small) to changes
in the interest rate and sensitive to changes in national income (Iy large).

the marginal propensity to save out of income equals Sy = (1 — Ty)(1 — Cy_r), which clearly satisfies
0 < Sy < 1. The savings identity furthermore implies that (1 — Ty) Cy_t = 1 — (Sy + Ty), from which it
follows that 0 < Sy 4+ Ty < 1. The multiplier can thus also be written as dY /dG = 1/ (Sy + Ty).
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1.3 Schools in macroeconomics

We now have all the ingredients that are needed to characterize the different schools
of thought in macroeconomics. We briefly distinguish: (1) the classical economists,
(2) the Keynesians, (3) proponents of the neo-Keynesian synthesis, (4) the mone-
tarists, (5) the new classical economists, (6) the supply siders, and last but not least
(7) the new Keynesians.

1.3.1 Classical economists

Names that spring to mind are Adam Smith, David Hume, David Ricardo, John Stu-
art Mill, Knut Wicksell, Irving Fisher, and Keynes of the Treatise on Money of 1930. We
can roughly characterize the classical view on money by the crude quantity theory
of money. In terms of our model, the LM curve (1.25) is replaced by a special case in
which money demand does not depend on the interest rate:

M = kPY. (1.31)

Hence, there is no reason to hold money for speculative purposes (I[g = 0) and the
velocity of circulation, 1/k, is constant. The classical view regarding the supply side
of the economy is characterized by a strong belief in markets and the efficacy of the
price mechanism. In terms of our model, this implies flexible wages and prices, per-
fect foresight, labour market clearing, and a vertical AS curve. See Figure 1.9. Hence,
fiscal and monetary policy cannot affect the levels of employment and output.

The classical model can be seen as a special case of the IS-LM-AS model devel-
oped above, with Iy = k = constant and /g = 0. This means that the LM curve
is vertical, so that fiscal policy is useless in affecting employment and output. In-
creasing government spending leads to a higher rate of interest and full crowding
out of private investment, but not to changes in the price level. Monetary policy, on
the other hand, has no effects on the real sphere of the economy, and only leads to a
higher price level. This property is called the neutrality of monetary policy. The clas-
sical economists thus believed in a dichotomy: the real and monetary sectors could
essentially be studied separately. Demand-side policies merely affect the interest rate
and/or the price level, while supply-side policies affect the real wage, employment,
and output.

1.3.2 Keynesians

Will we ever know what Keynes really meant when he wrote the General Theory?
Probably not, but a number of insights into what Keynes may have meant can be
obtained by following Modigliani’s (1944) suggestion that the main Keynesian inno-
vations consist of the liquidity preference schedule and the assumption of nominal
wage rigidity.

With respect to his liquidity preference theory of money, Keynes himself used the
classical economists as scapegoats. In doing so, he used the gimmick of the liquidity
trap. Suppose, Keynes argued, that the rate of interest is so low that the economy
is on the horizontal part of the LM curve. Suppose furthermore, that the level of
spending at that interest rate is too low to support full employment of the factors of
production, and that prices and wages are flexible. In terms of Figure 1.10, the rate
of interest is RMN, and output is Yy < Y*. Keynes came to the startling conclusion
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Figure 1.9: Monetary and fiscal policy in the classical model
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that the classical model is inconsistent in that case. Aggregate supply is vertical at
Y = Y*, but demand falls short of Y*, and no amount of price/wage reductions will
restore equilibrium. The self-correcting feature of the market, which is of course the
hallmark of classical theory, simply does not work.

Monetary policy will not help, according to Keynes, because the additional money
will simply be absorbed by investors with no noticeable effect on the interest rate.
Fiscal policy, on the other hand, will work really well. In terms of Figure 1.10, the
additional government spending will stimulate aggregate demand (corresponding
to a shift in the IS curve) and hence employment and output.

Nowadays, the liquidity trap is seen as a nice way to get people to take notice
of the Keynesian ideas. In fact, Keynes’ classical colleague and contemporary, A.
C. Pigou, quickly pointed out that Keynes’ inconsistency result disappears once a
wealth effect is introduced in the consumption function. In that case, the position
of the IS curve will depend on real money balances M/ P, the AD curve will slope
downwards (and not be vertical, as Keynes suggested), and full employment will be
restored provided prices and wages are flexible.

1.3.3 The neo-Keynesian synthesis

The neo-Keynesian synthesis was developed by neoclassical economists who al-
lowed for a short run with Keynesian properties and a long run with classical prop-
erties. Since it contains classical and Keynesian elements, the approach is often re-
ferred to as the neoclassical synthesis. Names of neo-Keynesian synthesizers: Franco
Modigliani, Paul Samuelson, James Tobin, Robert Solow, and in the 1950s and 1960s
virtually all macroeconomists except Milton Friedman. There are actually different
versions of the neo-Keynesian synthesis, depending on the assumption made about
the labour market. The first version maintains (as does Modigliani, 1944) that nom-
inal wages are rigid downwards. This opens up the possibility of unemployment
and an upward sloping section of the AS curve (see section 1.1.4 and Figure 1.6). To
get some adjustment over time, we add a Phillips curve relationship to the model,
ie. W = au (¢ < 0), where u is unemployment, defined as u = (N° — N)/N°.
Introduction of a Phillips curve thus makes the change in nominal wages dependent
on the amount of unemployment. As a result, full employment will be restored after
some time.

The second version of the neoclassical synthesis allows nominal wages to be fully
flexible, but uses the AEH (1.14) to make the expected price level a slowly moving
variable. The model corresponding to the neo-Keynesian synthesis corresponds to
the AS curve (1.20), the AD curve (1.29), and the AEH (1.14). Again, full employ-
ment will eventually be restored, depending on the speed at which agents adapt
to expectational errors. The effects of fiscal and monetary policy are illustrated in
Figure 1.11. A bond-financed rise in public spending from Gy to G; induces an out-
ward shift of the IS curve and thus the AD curve. On impact, output rises above Y*
even though there is some crowding out of private investment on account of the rise
in the rate of interest. The impact multiplier is, in fact, smaller than the Keynesian
multiplier contained in expression (1.29). The reason is that the rise in aggregate
demand caused by the increase in public spending causes on impact the price level
to rise from Py to P; (through an upward move along the initial aggregate supply
curve, AS(P® = Py)). The higher price level induces a contraction in the supply of
real money balances and thus causes a rise in the interest rate and a fall in aggregate
demand (associated with the backward shift in the LM curve). Consequently, the
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Figure 1.10: Monetary and fiscal policy in the Keynesian model
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short-run multiplier is smaller than the Keynesian multiplier. We thus conclude that
the short-run employment and output multipliers for a bond-financed rise in public
spending are lower if saving, tax, and import leakages are substantial, crowding out
of private investment is substantial, and the price level rises a lot. The short-run ef-
fects on employment and output are small if the AD curve is relatively flat and the
AS curve is relatively steep. In subsequent periods households revise their expecta-
tions regarding the price level upwards. This lowers the expected real wage and the
supply of labour. Hence, the AS curve shifts backwards over time until output and
employment are cut back to their equilibrium levels. The long-run effect of the fiscal
expansion is thus merely a rise in the price level with no effect on employment or
output.

Figure 1.11 may also be used to investigate the effects of an expansion of the
nominal money supply from My to M; under the AEH. The outward shift of the LM
curve lowers the interest rate and pushes up aggregate demand. Consequently, the
AD curve shifts out. On impact the price level also rises, which attenuates the rise in
national income. Over time the expected price level is revised upwards and the AS
curve shifts to the left until the original equilibrium of employment and output are
reached again. In the short run a monetary expansion thus induces a boom in em-
ployment and output and a fall in the interest rate, but in the long run employment
and output are unaffected and the price level rises in proportion with the rise in the
nominal money supply. Although money is not neutral in the short run, it is neutral
in the long run.

1.3.4 The monetarists

Names: Milton Friedman and his friends. They assumed that the interest sensitivity
of investment is very high (i.e. |Ig| large) so that the IS curve is very flat. Conse-
quently, fiscal policy leads to strong crowding out of private investment. Further-
more, the monetarists, like the classical economists, had strong sympathy for the
quantity theory of money which implies a steep or vertical LM curve. In contrast to
the classical economists, Friedman does not accept the REH. Instead, he adopted the
AEH. Fiscal policy is under monetarist assumptions unable to influence employment
and output. This is why the monetarists were so vehemently against the Keynesians
who believed in pump priming the economy in recessions.

Undoubtedly, the monetarists” assumptions imply that monetary policy has real
effects. Indeed, from the quantity theory we have M = kPY, so that dM > 0 implies
that dPY = (1/k)dM > 0. The distribution of the total effect (dPY) over real effects
(dY) and nominal effects (dP) depends on the assumptions made about the labour
market and the formation of expectations. Under AEH there are temporary effects
on real output. The policy maker may therefore be tempted to use a monetary ex-
pansion to combat unemployment. According to the monetarists, however, policy
makers are typically not very good at timing monetary policy. There are long and
variable time lags before a macroeconomic problem is recognized, before an appro-
priate macroeconomic policy is implemented, and before a policy has the required
effect. As a result, monetary policy can actually accentuate business cycle fluctua-
tions in the economy (if the policy is set too late, for example). This is why Friedman
(1968) suggests that the central bank should follow a constant growth rule for some
monetary aggregate and not tinker with monetary policy in order to try to influence
aggregate demand and employment.
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Figure 1.11: Monetary and fiscal policy in the neo-Keynesian synthesis model
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1.3.5 New classical economists

Names: Robert Lucas, Thomas Sargent, Robert Barro, Edward Prescott. Natural
successors of the classical economists. These modern day classical economists stress
mathematical techniques and are called “fresh water” economists, because they work
(or used to) at universities near the big lakes in the Mid West (Chicago, Carnegie-
Mellon, Minneapolis) and should be contrasted with the more Keynesian, “salt wa-
ter” economists who work at US universities on the East coast (Harvard, MIT, Yale,
Princeton).

These new classical economists have shed themselves more thoroughly of the
neo-Keynesian synthesis than the monetarists, and firmly back classical ideas such
as flexible prices and wages, rational expectations or perfect foresight, the efficiency
of the market, and full employment. All fluctuations that we observe in the economy
are due not to nominal rigidities but to rational agents responding to the incentives
as they observe them. Strong endorsement of rational expectations and microeco-
nomic underpinning of macroeconomic relations, such as the consumption function,
the investment function, and the labour market. An early gimmick that was used
to get the profession’s attention was the so-called policy ineffectiveness proposition
(PIP), according to which the policy maker either cannot (strong PIP) or should not
(weak PIP) use countercyclical policy—see also the discussion of the classical proposi-
tion that monetary policy is neutral at the end of section 1.3.1. This school of thought
will be discussed in more detail in Chapter 3.

1.3.6 Supply siders

Names: Arthur Laffer, Robert Mundell. Radical conservatives who despise gov-
ernment intervention in markets and emphasize the distorting effects of taxation.
Beautifully criticized by Krugman (1994). Their policy advice was quite simple: cut
tax rates and thus stimulate the economy. They argued that there was no need to
cut government spending because the tax cut would pay for itself. Reagan loved the
story, especially as it suggested that you could have your cake and eat it: no need to
restrain public spending on defence while having an excuse to substantially cut the
tax rate.

Central element was the so-called Laffer curve, first derived on the back of an
envelope. This Laffer curve can be derived from a small modification of our model
of the labour market, namely equations (1.7) and (1.12). Assume that there is only
one tax, levied on labour income and paid by households, denoted by t;, and that
there is perfect foresight (so that P* = P). The labour market model is then given by:

(1-t,)W/P=g(N%), W/P=FyNP,K), NP=N°=N. (132

It is easy to see (from (1.12)) that 1 — ¢} plays the same role as P/ P in the expression
for the AS curve (1.20). Ignoring potential tax effects on capital accumulation (and
setting dK/K = 0) we can write the relative change in national income as:

deﬁ_szpsg dtr
Y ep+eg1—tp°

(1.33)

This expression can be used to find the relative change in revenue from the tax on
labour in real terms (i.e. T = t;WN/P = tpwynY):

wNEpeg  dty,

, 1.34
ep+eg 1 —1tp ( )

dr ay
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Figure 1.12: The Laffer curve

where we assume that the share of labour in value added (wy) is constant (i.e.,
dwy = 0) as will be the case for a Cobb-Douglas production function. The first
term within square brackets on the right-hand side shows the direct revenue (also
called the tax-rate) effect of the labour tax for a given level of wage income. The
second term within square brackets on the right-hand side shows the tax-base ef-
fect. If the labour tax rate is increased and labour supply slopes upwards (eg > 0),
then labour supply and employment decrease. Hence, labour tax revenue will fall as
well. We note that, for small labour tax rates (t; ~ 0), the (negative) tax-base effect is
dominated by the (positive) tax-rate effect on public revenue so that public revenue
increases with the tax rate.

For large labour tax rates, however, the (positive) tax-rate effect can be dominated
by the (negative) tax-base effect, especially if labour demand and labour supply are
very elastic. In that case, labour tax revenue declines as the tax rate increases. Con-
versely, cutting the labour tax rate may actually boost revenue. Similar reasoning led
Laffer to suggest that the revenue function would look like a parabola: for high tax
rates the disincentive effect of the tax would be so strong that revenue would actu-
ally decline as the tax rate is increased further. This occurs beyond point A in Figure
1.12 at which tax revenue is maximized. If the tax rate is small, e.g. at point B, a rise
in the tax rate boosts public revenue. Beyond point A, say at point C, a reduction in
the tax rate would lead to an increase in tax revenue. Clearly, when the tax rate is
zero or unity, tax revenue is zero.

Although Laffer’s advice itself is logically consistent and appeals to wishful think-
ers, it was empirically irrelevant: the US economy was at a point like B in Figure 1.12.
As a result, huge deficits and a massive build-up of government debt occurred de-
spite substantial tax cuts in the US during the Reagan years.
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1.3.7 New Keynesians

Names: (1970s) George Akerlof, Edmund Phelps, John B. Taylor, Stanley Fischer,
(1980s) Olivier-Jean Blanchard, Greg Mankiw. These are “salt water” economists
who derive their main inspiration from the insights of John Maynard Keynes. Mar-
kets may not be as perfect as the classical economists suggest. Early new Keynesians
accepted the REH but stressed the existence of nominal rigidities, arising from, for
example, multi-period nominal wage contracts. Such rigidities invalidate the PIP of
the new classical economists. Hence, new Keynesians argue that the government
can and should stabilize the economy, even under REH.

The most recent wave of new Keynesian economics is more micro-based. The
predominance of imperfect competition, coordination failures, and credit restrictions
are stressed. Although it is too early to call in the jury for a verdict, it is clear that
this is a very promising avenue of research. Chapter 12 gives some of the details.

1.4 Punchlines

In a closed economy, aggregate demand effects can be found with the aid of the
IS-LM model (open economy issues are studied in Chapter 10). A rise in public
spending sets in motion a multiplier process which leads to a larger rise in national
income. However, the multiplier process is dampened by saving and tax leakages. In
addition, there is crowding out of private investment on account of the higher inter-
est rate. An expansion of the nominal money supply or a fall in the aggregate price
level also increases aggregate demand and employment. In this case the interest rate
falls so that private investment is boosted.

Aggregate supply is essentially determined by equilibrium in the labour market.
Labour demand rises if there is a cut in the real wage or a boost to the capital stock.
The wage elasticity of labour supply is positive if the substitution effect dominates
the income effect in labour supply. Labour supply slopes downwards in the opposite
case, with the income effect dominating the substitution effect. Due to asymmetry in
information, firms observe the wages to be paid to workers while households have to
form expectations regarding the aggregate price level when deciding on their labour
supply. Hence, equilibrium employment and the aggregate supply of goods rises if
the capital stock expands, the labour income tax falls, and if there is an unanticipated
rise in the price level.

Macroeconomic equilibrium occurs when aggregate demand and aggregate sup-
ply of goods match up. The easiest case is the one assumed by classical economists:
a quick clearing of all markets and perfect foresight. In that case, monetary policy
is neutral in the sense that it cannot affect the real wage, employment, or output,
neither in the short nor in the long run. A doubling of the money supply simply
leads to a doubling of the aggregate price level. A fiscal expansion is fully crowded
out by a fall in private investment on account of a rise in the interest rate, so that
neither employment nor output is affected. Hence, only supply-side policies, such
as changes in the capital stock or in the various tax rates, can affect employment and
output. Modern day versions of the classical economists are the new classicals, also
called the “fresh water” economists, who stress rational expectations in stochastic
environments and microeconomic foundations of macroeconomic relationships. A
related breed of macroeconomists are the supply siders who believe in cutting taxes
as this would boost tax revenue and alleviate the need to cut public spending. The
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supply siders were very influential in the 1980s, but have largely been discredited.
The older variety of Keynesian economists assumed sticky prices in the short run,
so that employment and output were mainly determined by aggregate demand in
the short run. A recent school of new Keynesians give the microeconomic underpin-
nings by stressing imperfect competition, coordination failures, and credit restric-
tions. The neo-Keynesian synthesis allows for a Keynesian short run and classical
long run by introducing the assumption of adaptive expectations regarding the price
level. In the short run the multiplier associated with a fiscal expansion is further re-
duced due to the rise in the price level. This leads to a contraction in real money
balances, a further rise in the interest rate, and thus a dampening of the expansion
in aggregate demand. Over time households revise their expectations upwards. As
a result, aggregate supply and employment fall until the original equilibrium is re-
stored again. The long-run output and employment multipliers for a rise in govern-
ment spending are thus zero because any expansion of aggregate demand is fully
offset by reductions in private investment caused by a higher interest rate.
Monetarists are somewhere in between the classical and Keynesian economists.
They allow for adaptive expectations, but believe in the ineffectiveness of fiscal pol-
icy and the potential harmfulness of using monetary policy to manage aggregate
demand. Monetarists believe in long and variable time lags in monetary policy and
therefore advocate a constant and modest rate of monetary growth. Clearly, mone-
tarists are also deeply suspicious of using fiscal policy to fight unemployment.

Further reading

The classic statement of the IS-LM model is presented by Hicks (1937). Mathemati-
cal treatments of the IS-LM approach published in the 1970s include Branson (1972),
Burrows and Hitiris (1974), and Turnovsky (1977). Even at present, most interme-
diate textbooks still contain a thorough discussion of the IS-LM model. The ones
we are familiar with are: Burda and Wyplosz (2005), Mankiw (2007), Blanchard
(2006), Carlin and Soskice (2006), Gartner (2006), and Abel and Bernanke (2005). The
expectations-augmented Phillips curve was proposed independently by Friedman
(1968) and Phelps (1967). Phelps et al. (1970) is a classic collection of the first wave of
articles aiming to improve the microeconomic foundations of macroeconomics. Gor-
don (1974) presents a nice overview of the discussion between the monetarist Fried-
man and his various critics. Students interested in the historical aspects of the quan-
tity theory of money should consult Laidler (1991). Feldstein (1986) presents an in-
teresting discussion of supply side economics. Mankiw and Romer (1991) present a
number of key articles in the new Keynesian school. To celebrate the arrival of a new
millennium a number of very interesting articles have appeared giving an overview
of twentieth century developments in macro—see Blanchard (2000) and Woodford
(1999). Snowdon, Vane, and Wynarczyk (1994) also present a good overview of the
various schools of thought. Klamer (1984) contains interviews with some of the prin-
cipal new classical economists and some critics of this approach. Students interested
in a thorough treatment of labour demand should refer to Hamermesh (1993). Re-
cently, a large literature has been developed on learning and expectations formation.
An excellent but rather advanced textbook on this material is the one by Evans and
Honkapoja (2001).



Chapter 2

Dynamics in aggregate demand
and supply

The purpose of this chapter is to achieve four goals, which are all related to the
intrinsic dynamics that are present in the IS-LM model (or can be added to it quite
easily). In particular, we study the following four issues:

1. The AEH and stability of the IS-LM-AS model under the neo-Keynesian syn-
thesis,

2. The concept of hysteresis or path dependence arising in a model where the
equilibrium rate of unemployment is determined by the past rate of unem-
ployment and temporary shocks have permanent effect,

3. A theory of investment and the implied stock-flow interaction between invest-
ment and the capital stock, and,

4. A first view of the government budget restriction and the implied stock-flow
interaction between the government deficit and debt or money, which allows a
comparison of stability and effectiveness of money-financed and bond-financed
increases in government spending.

In all cases the notion of stability will play a fundamental role. A stable system may
be defined as one in which the unique equilibrium (also called stationary state) is
eventually restored following a shock to one or more of the exogenous variables.
Obviously, to operationalize this definition we must in each case indicate exactly
what we mean by an equilibrium, and which variables we classify as exogenous.
When the system has multiple equilibria (or stationary points), there may be stable
and unstable equilibria. If there is a unique stable equilibrium, we shall choose that
equilibrium as the relevant one and can still speak of a stable system.

The reason that economists like to focus attention on stable systems is that the
alternative is unpalatable: unstable systems are not very useful for understanding
the economy. An unstable system has no stable equilibria. Such an unstable sys-
tem may very well have one or more unstable equilibria, but it is not likely to be at
any of those equilibria at any point in time. Indeed, even if such a system starts in an
equilibrium, a very small shock will permanently displace the system from that equi-
librium. Therefore, only by pure coincidence would the system be in an equilibrium.

29
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Since economists know a lot more about equilibria than they do about disequilib-
rium situations, they like to study models that predict that the system converges
along an equilibrium adjustment path to a stable equilibrium (see also Chapter 4).
Note that this notion of equilibrium can also be extended to uncertain environments,
in which case one would talk, for example, of stochastic steady states (see Chapter
3).

A very useful piece of methodological advice is contained in the so-called corre-
spondence principle, which was transplanted from physics to economics by Paul Sa-
muelson in his classic Foundations of Economic Analysis published in 1947. In words,
the correspondence principle states that we should have confidence in, and use, only
stable systems. As it will turn out, adherence to this principle often yields impor-
tant information on the comparative static (or even comparative dynamic) predic-
tions that can be derived from a theory. More precisely, the mathematical conditions
that are necessary to have a stable system often enable macroeconomists to sign the
steady-state multipliers for changes in government policy or other exogenous vari-
ables. We will give a number of applications of the correspondence principle during
the course of this chapter.

In this chapter we restrict attention to models exhibiting a particular form of
stability, the one that is most familiar to students of physical systems. All models
discussed in this chapter display stability of a backward-looking kind. At a particu-
lar instant in time, the model determines the endogenous variables as a function of
the exogenous variables and the predetermined state variables. Loosely put, his-
tory (as summarised by the state variables) determines the present situation. These
backward-looking models are fairly mechanical, very much as switching on a ma-
chine will cause effects now and in the future but a machine will not switch itself on
in anticipation of a future operation. In Chapter 4 we shall look at models exhibiting
a completely different kind of stability, namely forward-looking stability. There history
and the future jointly determine the current situation. Such forward-looking mod-
els are not considered in this chapter. These models arise in cases where economic
psychology is relevant; for example, firms investing in anticipation of an investment
subsidy being abolished in the future, consumers rushing to the store in the expecta-
tion of a future sales tax increase, or a little boy who starts salivating at the promise
of a Chelsea bun.

We also look in section 2 of this chapter at a macroeconomic model for which the
steady state is not uniquely defined. Instead, the equilibrium at which the economy
finally settles down depends on the course of history, i.e. the equilibrium is path-
dependent. Although this property seems eminently reasonable to historians and
other social scientists, it must be stressed that the steady-state equilibrium of most
economic models does not depend on the course of history. (Mathematically, path-
dependent systems are characterized by a zero eigenvalue of the Jacobian matrix
in the continuous-time case or a unit root in the discrete-time case. See the Math-
ematical Appendix for further details.) An interesting feature of models with the
hysteresis property is that temporary shocks can have permanent effects. For exam-
ple, a temporary adverse shock to the labour market can lead to a lasting increase in
the rate of unemployment.
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2.1 Adaptive expectations and stability

In Chapter 1 we saw that one variant of the neo-Keynesian synthesis model can be
obtained under flexible wages and prices by assuming that price expectations are
formed according to the adaptive expectations hypothesis (AEH). The model can be
written in a very compact form as:

Y = AD(G,M/P), (2.1)
Y = Y'+¢[P-P, ¢ >0, (2.2)
¢ = A[P-P, A>0. (2.3)

Equation (2.1) is the AD curve, which summarizes the simultaneous occurrence of
money market equilibrium and spending equilibrium. The AD curve depends on
two exogenous variables, namely government consumption, G (via the IS curve),
and the nominal money supply, M (via the LM curve). The partial derivatives of
the AD curve with respect to its arguments have been interpreted in Chapter 1 and
follow immediately from equation (1.29):

1
ADc = 2.4
G 1—Cyr(1—Ty) +IyIr/Ig >0 o4
Ix/1
ADpp = - @5

>0,
1—Cyr(1—Ty)+IyIr/IR

where Cy_r is the marginal propensity to consume, Ty is the marginal tax rate, Iy is
the interest sensitivity of investment, and /y and [r denote, respectively, the income
and interest sensitivity of money demand. We recall from Chapter 1 that 0 < Cy_1 <
1,0 < Ty <1,Ig <0,y > 0,and Ig < 0. Clearly, aggregate demand rises if
government spending or real money balances are increased. In the bottom part of
Figure 2.1 the AD curves are downward sloping, i.e. ADp = — (M/P?) - ADpyp < 0.
Equation (2.2) is the specification for aggregate supply in the goods market. Po-
tential output, also called the full-employment level of output, Y*, depends on supply-
side variables. For example, potential output is an increasing function of the capital
stock—see expression (1.20). Due to the fact that the expected and the actual price lev-
els do not always coincide under the assumption of adaptive expectations, labour
supply and consequently output can differ (in the short run) from their respective
full-employment levels. The parameter ¢ follows from the AS curve (1.20):
WNEDEs Y
bt es P >0, (2.6)
where wy; is the national income share of wages, and ¢p and e5 denote the elasticity
of, respectively, labour demand and labour supply. We recall from Chapter 1 that
0 < wy < 1and ep > 0. Recall furthermore that, due to diminishing returns to
labour, the demand curve for labour is downward sloping, and that ep is measured
in absolute value terms. Furthermore, provided the substitution effect dominates the
income effect in labour supply, we also have that the labour supply curve is upward
sloping, i.e. € > 0. Hence, the parameter ¢ determines the slope of the short-run
AS curve-the higher a value of ¢, the flatter the short-run AS curve, and the larger
the output fluctuations that occur as a result of a given shift in aggregate demand.
Indeed, by rewriting (2.2) somewhat, the AS curve can be written as:

P:P6+;[Y—Y*}, (2.7)

¢ =ASp =



32

FOUNDATIONS OF MODERN MACROECONOMICS, SECOND EDITION

LM(M,/P,)
LM(M,/P")

LM(My/Py)

1S(G,)

15(G,)

AS(P*=P,)

.................................... : As(pe: Po)

VAR Y

Figure 2.1: Fiscal policy under adaptive expectations



CHAPTER 2: DYNAMICS IN AGGREGATE DEMAND AND SUPPLY 33

from which it follows readily that (dP/dY)p._p = 1/¢. In the bottom part of Figure
2.1, the curve labeled AS(P® = Py) depicts the short-run aggregate supply curve when
the expected price level is equal to Py. Note that the difference between the full-
employment level of output and the actual level of output, Y* — Y, is sometimes
called Okun’s gap. It is also a measure of (involuntary) unemployment.

Finally, equation (2.3) is the continuous time version of the AEH expressed in
equation (1.14). Agents revise their expectations regarding the price level if there
is a discrepancy between the actual and the expected price level. The parameter
A is an indicator for the speed at which agents adapt their expectations (i.e. the
promptness with which they correct their mistakes). A crucial aspect of the AEH is
that the expected price level is a state variable, which means that its value is given
at a particular instant in time. Hence, under the AEH the expected price level, P¢,
is treated just like the capital stock, namely as something that is determined in the
past. Suppose we want to compute the level of P° at some particular time ¢. Just as
the capital stock depends on past investment outlays, the expected price level P (t)
depends on actual price levels from period ¢ into the indefinite past. To show that
this is indeed the case, we solve the differential equation (2.3) to obtain the following
expression for the expected price level:

Pe(t) = [ . AP(t)e M=Tdr, (2.8)

The expected price level in period ¢, denoted by P¢(t), depends on the entire path
of (exponentially weighted) price levels in the past. Due to the discounting, distant
prices have relatively little influence on the expectation of the current price level.

Intermezzo 2.1

The expected price level under AEH. By explicitly recognizing the
dependence on time, T, equation (2.3) can be written in terms of a
first-order differential equation with a constant coefficient, A, and a
time-varying forcing term, P (7):

P°(t) + AP°(T) = AP(7). (a)
By multiplying both sides of (a) by the integrating factor, e, we find
that:
[P¢(T) + AP*(T)] e} = AP(1)e!™ &
d e AT AT
d‘L’P (1)’ = AP(t)e =
dP°(T)e™ = AP(1)eMdr. (b)

Integrating both sides for T € (—oo, t] gives:

t t
/ dpP®(T)e!™ = A/ P(t)eMdr

t

t
Pe(t)e™ — A/ P(t)eMdr

—00

T——00

Pe(t)eM — lim P°(1)e!? = A/t P(1)eMdr. (0)
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But lim P°(7)e’™ = 0 so we can rewrite (c), by taking e to the
T——00

other side, and obtain the expression for P° (t) as given in equation
(2.8). Sargent (1987b, pp. 117-8) studies the case for which expected
inflation, rather than the expected price level, is adjusted according to
the AEH.

R

The neo-Keynesian model of aggregate demand and supply summarized by equa-
tions (2.1)-(2.3) can be solved quite easily for the short run, the transition period, and
the long run. Graphically, the solution has already been discussed in Chapter 1 and
is illustrated again in Figure 2.1. The initial situation is point Eg, where output is
equal to its potential level (Y = Y*), the rate of interest is equal to Ry, and the price
level is equal to Py. Now consider the following experiment in order to determine
the stability of our model: does the economy automatically return to an equilibrium
after a shock, say an increase in government spending? The (affirmative) answer
is easily illustrated with the aid of the diagram. Following the increase in govern-
ment spending (/G > 0), the IS curve and hence the AD curve both shift to the
right. Expectations are given in the short run, so that the economy operates along
the short-run aggregate supply curve through Eq. At point A the price level has in-
creased from P to P’ and output has also increased (to Y’). Is there an equilibrium
at point A or, more precisely from a mathematical point of view, is A a stationary
point? Clearly, there is equilibrium in the sense that the AD curve and short-run AS
curve intersect. Given their price expectations, households are happy to supply the
amount of labour they do, and all markets clear. There is, however, a disequilibrium
regarding expectations: at point A households base their plans on the expectation
that the price is P but the actual price level is higher (P’ > Py). The AEH suggests
that this discrepancy will be eliminated over time. Hence, A is not a stationary point.
As the expected price level is increased, the short-run AS curve will start to shift up
and to the left and the economy will move along the new AD curve towards point
E;. Point E; is a point of full equilibrium, because all markets clear and there is an
expectational equilibrium. Hence, point E; is both an equilibrium from an economic
point of view and a stationary point. Consequently, the IS-LM-AS model is stable.

It is not always so easy to use graphical devices to demonstrate stability. For that
reason the following, slightly more formal method, may be used. Recall that in the
short run, the expected price level P° is a predetermined, or state variable. Con-
sequently, we can use expressions (2.1)-(2.2) to solve for the short-run equilibrium
values of output, Y, and the price level, P, conditional on the exogenous variables
(G, Y*, and M) and the predetermined state variable (P¢). By totally differentiating
equations (2.1)-(2.2) we obtain:

dY = ADgdG + (1/P)ADyypdM — adP, (2.9)
dY = dY*+¢[dP —dP‘], (2.10)

where & = (M/P?)AD,,p > 0is a composite parameter. These two expressions can
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be solved for the change in the price level, 4P, and in output, dY:

¢pdP? + ADGAG + (1/P)ADypdM — dY*

o , 2.11)
¢+a
gy — —*9dP° + ¢ADGdG ‘(; Y;P)ADM/POZM +adY™ (2.12)

Since both ¢ and « are positive, the denominator of (2.11) and (2.12) is guaranteed to
be positive. Hence, expression (2.11) says that P is an increasing function of P¢, G,
and M but a decreasing function of Y*. Expression (2.12) shows that the Keynesian
multiplier which is relevant when prices are sticky, i.e. AD, is weakened on account
of the rise in the price level and the associated contraction in real money balances.
The extent of this weakening is captured by the factor ¢/ (¢ + &) which is positive
but less than unity. We see that the flatter the AS curve, i.e. the smaller the change in
the price level caused by a change in aggregate demand (the higher is ¢), the smaller
is the rise in the price level and the dampening of the short-run Keynesian multiplier.
A very steep AS curve (a low value of ¢) implies that a rise in government spending
yields a relatively large boost to the price level and a small rise in employment and
output.

Expression (2.11) is very useful for our stability analysis, because it summarizes
all the effects that influence the price level, P, at a particular instant in time. Indeed,
by totally differentiating equation (2.3), and substituting (2.11), we obtain:

dp¢ = A[dP —dPf]
_ M e AADGAG + (A/P) ADyypdM — AdY* 2.13)
¢+ ¢+

The interpretation of (2.13) is as follows. The model given in (2.1)-(2.3) implies an im-
plicit function, P =Q(P,G,M,Y*), relating the time rate of change in the expected
price level to that price level and to the exogenous variables. The partial derivatives
of this implicit function are given by the coefficients on the right-hand side of (2.13),
ie. Qpe <0,Qg >0,Qp > 0,and Oy < 0.

Let us now return to the stability experiment mentioned above. We leave exoge-
nous variables other than government spending unchanged (i.e. dM = dY* = 0 and
dG > 0) and determine the “law of motion” of the expected price level. The result-
ing phase diagram is found in Figure 2.2. From the expressions in (2.13) it is clear that
P¢ = Q] is a decreasing function of P¢ (since Qpe < 0). The initial equilibrium
or steady state is given by point Eg. If government spending is increased, the P*
line shifts up and to the right (since Qg > 0). Even though P° is fixed in the short
run, P¢ jumps to a positive value (point A). The expected price level starts to rise,
which is represented by the arrows along the new I* line. Eventually, the economy
reaches point E;, which is the new equilibrium and steady state. This experiment
shows that the crucial property that is needed for stability is that changes in the ex-
pected price level should taper off. More formally, stability implies (and is implied
by) oP¢/9P¢ = Qpe < 0. If this stability condition holds, the model is, of course,
stable in the face of shocks to other kinds of exogenous variables as well.

In order to test one’s understanding of the material it is useful to examine the
stability of an alternative neo-Keynesian synthesis model, namely one where the
nominal wage adjusts sluggishly in response to conditions in the labour market. This
is left as an exercise.
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F')e

Pe

=Q.dG pe = Q(Pe,Gl)

P = Q(P*,Gy)

Figure 2.2: Stability and adaptive expectations

2.2 A firstlook at hysteresis

We now consider a special class of models that have the hysteresis property.! With
hysteresis we mean a system whose steady state is not given, but can wander about
and depends on the past path of the economy. Mathematically, we will see that this
property implies that the Jacobian matrix of a continuous-time system has, apart
from some “stable” eigenvalues (i.e. with a negative real part), a zero eigenvalue.
For a discrete-time system there will be a unit root next to the other eigenvalues
that are supposed to be smaller than one in absolute value. (See the Mathemati-
cal Appendix.) Systems with hysteresis can thus be viewed as being in the twilight
zone between stable and unstable systems. Such systems are important in macroeco-
nomics, because they allow us to depart from the rigid framework of equilibrium,
a-historical economics. The best economic example of hysteresis is due to people
becoming alienated from the labour market if they remain unemployed for a long
enough period of time.

221 Alienation of the unemployed

So far, we have assumed that the equilibrium, steady-state, or potential level of out-
put, Y*, depends on the (exogenous) capital stock and supply-side policies (e.g. tax
rates on labour). Associated with the potential level of output is an equilibrium,
steady-state, or natural rate of unemployment. The implied natural rate of unem-
ployment is a constant, albeit that it may depend on various tax rates, and does not
depend on past history. Here we will develop a different model of aggregate sup-
ply. In order to do this, we depart from the concept of a path-independent natural
rate of unemployment.> We will assume a discrete-time system. To prepare for the

IThe material in this section is technically more advanced than the rest of this chapter and may be
skipped upon first reading.
ZIndeed, this hysteresis effect is already present in the analysis of Phelps (1972, pp. 76-80).
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discussion to follow, we write the discrete-time counterparts to (2.11) and (2.12) in
short-hand notation as:

$dP? + do; — dY;

dP; = , (2.14)
¢+u
_ e *
i, = apdPf + pdo; + adY; ’ (2.15)
¢+

where « is defined below equation (2.10), and dé; = ADgdG; + (1/P)ADypdM; is
an aggregate demand shock in period t. Similarly, the discrete-time version of the
AEH can be written as:

dP¢y = (1—A)dPf + AdP,, (2.16)

where the expectational adjustment coefficient satisfies 0 < A < 1.

The alienation idea is rather simple: people that stay unemployed become alien-
ated from the labour market, stop searching for a job, and no longer count as part
of the potential work force. Plausible explanations are that long-term unemployed
lose skills if they remain without a job or are stigmatized by firms. Hence, people
that stay unemployed for long enough no longer add to downward wage pressure
and become part of the natural rate of unemployment. We assume that the natural
unemployment rate at any point in time is determined by the past unemployment
rate. A simple, but convenient way to capture this hypothesis is to assume that the
potential (or natural) output level at time ¢ + 1, Y/ ;, is given by the actual output
level at time t, Y;, minus an exogenous adverse supply shock in period , denoted
by 0. In total derivative format we get dY;" ; = dY; — doyand we can use expression
(2.15) to write potential output in the next period as a function of the current levels
of potential output, the expected price, the supply shock, government spending and
the money supply:

_ ¢dd; — apdPf + adY] — (¢ + a)doy

avy, = i (2.17)

Hence, a recession caused by tight monetary or fiscal policy or other falls in aggre-
gate demand can lead to a future fall in potential output and thus a future rise in the
corresponding natural unemployment rate.

By using (2.14) in (2.16) we obtain the discrete-time equivalent for the expression
of next period’s expected price level as a function of the current levels of the expected
price, potential output, government spending, and the money supply:

Adsy — AdY} +[(1 = A)a + @JdPf
dpf, = = qufr“ Jou+ 9lAP; (2.18)

2.2.2 History matters

The system defined by the difference equations (2.17) and (2.18) generates the dy-
namics in the potential level of output, Y}, and the expected price level, Pf. It can be
written in a single matrix expression as:

avi, 1, [ dyy 1 [ ¢ddy— (¢ +a)doy
o =0 |+ e ' @1
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where the Jacobian matrix, |, is given by:

1 ! —pu
]_ua—i—(p —A (I-MNa+¢ |- (2.20)
It is not difficult to show that the two eigenvalues of | are given by, respectively,
#; = land u, = a(1 — A)/(¢ + «).3 The important thing to note is that 0 < p, < 1,
i.e. the unit root is accompanied by a stable root.
In order to analyse the dynamic properties of this system in more detail, we use
a trick and write JS = SA, where A denotes the diagonal matrix of eigenvalues:

1 0
A= l a(1-A) ] , (2.21)
¢+u

and S is the matrix whose columns correspond to the eigenvectors of J.# It is easy to
show that the matrix S and its inverse S~! are given by:

5:{_1"‘ ﬂ and 5_1:M1+¢[_1A i’] (2.22)

Next, we premultiply both sides of (2.19) by S~! and write the transformed system
as:

Zip1n=NZi + 5y, (2.23)
where the auxiliary variables Z; and E; are defined as follows:
_ Zip | — o1 | AYf

Zy = [ Zoh } =S [ are |/ (2.24)
- _ 1 S_l ) qbd&t — (¢+0€) dUt

—t =

a+¢ Adéy
1 0 1 A

The transformed system (2.23) is much easier to analyse than the original system
(2.19) because A is diagonal (whereas | is not), i.e. there are no simultaneity effects
anymore. The transformed system in fact consists of two first-order difference equa-
tions stacked on top of each other.

2.2.2.0.1 Aggregate demand shocks First we restrict attention to demand shocks
only. By setting do; = 0 for all t, we find that (2.23) implies:

Zip = Zip-, (2.26)

1
Z = oy —ddbs_ 1. 2.27
2.t Mo 2,t1+¢+“ Ot1 (2.27)

3The easiest was to check this result is as follows. We know that the product of the two eigenvalues
of | is given by the determinant, i.e. iy, = |J| = a(1 —A)/(a + ¢), and the sum of the two eigenvalues
is given by the trace, i.e. iy + p, = tr(J) = [(2 — A)a + ¢]/(x + ¢). The solution mentioned in the text
satisfies both equalities, so it must be the right one.

“In formal terms, since ] has distinct eigenvalues, its eigenvectors are linearly independent so that |
can be diagonalized as S™']JS = A (Strang, 1988, pp. 254-260). By pre-multiplying both sides of this
expression by S, the result in the text is found. See also Azariadis (1993, pp. 34-38) and the Mathematical
Appendix.
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Demand shocks do not affect the difference equation for Z; ; and we thus conclude
from (2.26) that Z;; = 0 for all t5 Equation (2.27) is a stable difference equation
(because 0 < p, < 1) which can be solved by repeated substitution. After T — 1 such
substitutions we find:

Zos = A0 1+ 1oy 2+ 3dS 5+ +pf N6 1| (228)

=
(P +u
By letting T — oo, however, we find that the first term on the right-hand side of
(2.28) goes to zero (as 0 < p, < 1so that sz — 0) so that we are left with:

1 & fa(l-A)
Z2,f_a+¢i;)[a+¢:|d5tlu (2.29)

where we have substituted the expression for y, stated below equation (2.20). The
solutions for the original, untransformed, variables are obtained by substituting
Z1; = 0 and (2.29) into equation (2.24):

EIER R EARHESACE

i=0
(2.30)

Hence, in contrast to economies in which hysteresis is not present, demand-side poli-
cies have real effects in the long run as well as in the short run. For example, the
long-run effects of a sustained increase in government spending (i.e. dM; = 0 and
déy = ADgdG) on the actual and potential levels of output are easily seen to be equal
to:°

dy* LR i 4)
<dG) _rx+<pz{ oc+<p} DG:a/quADG' (2.31)

Clearly, temporary shocks to the aggregate demand for goods do not induce perma-
nent effects on the levels of output. This can be seen by using (2.30) to derive the
effect of a past demand shock on current potential output:

vy ¢ [wum}“ 232)

A atd| ate

Clearly, the effect of the shock wears off because the term in square brackets on the
right-hand side goes to zero as j gets large.

5In principle Z; ; = Z;, with a non-zero Z; also solves (2.26). Assume, however, that the system was
in a steady-state at some past time t* < t. Clearly, at time t* we have that dY;" = dPf = 0 and thus that
Z1; = 0 also. The only feasible solution is that Z; = 0.
5We use the fact that 0 < y, < 0 so that the infinite sum converges, i.e.:
Z { a(1— ] ' i _at¢
2L at¢ = 1—y2 Cad+ ¢
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2.2.2.0.2 Aggregate supply shocks To demonstrate that temporary shocks to ag-
gregate supply may in the presence of hysteresis indeed lead to permanent changes
in output and the natural rate of unemployment, we solve the system of difference
equations when there are adverse shocks to aggregate supply do; (and no demand
shocks, i.e. do; = 0 for all t). Following the same steps as before, we find the follow-
ing solutions for the transformed variables:

AYZodot-1- '
00 1-A) 1!
- Zi:o |:zx5x+¢ )} dat—l—i

1

“= Wt

(2.33)

By using (2.24) we thus find the solutions for dY;* and dP;:

[ dy;

| =5z

Ay odo_1_;
1 { DA } [ ZZ;O Kl ] . (234)
e N B v
We immediately observe an essential difference between aggregate supply and ag-
gregate demand shocks. Although the effects of temporary shocks to aggregate de-
mand fade out with time, the effects of temporary shocks to aggregate supply are
permanent. Indeed, a supply shock j periods ago affects current potential output

according to:
i—1
aA + ¢ (”W)] ] (2.35)

dy;

doy_j  aA+¢

The second term within the square brackets fades out as j increases, but the first term
does not fade out and is the reason why temporary shocks have permanent effects.

2.3 Investment, the capital stock, and stability

In section 1 of this chapter we saw an example of stability analysis involving expec-
tations. In this section and the next, we look at stability in a class of dynamic systems
that stresses the interaction between stocks and flows. A very prominent example of
interaction between stocks and flows is the one between the level of the capital stock
and the rate of investment. This interaction is typically ignored in the IS-LM model,
which renders the IS-LM model less useful for understanding transient and long-run
issues. Notable exception to this ad hoc approach are Tobin and Buiter (1976) and
Sargent (1987b). Before turning to the stability issue in the context of investment-
capital dynamics, we first briefly introduce a theory of investment (by the typical
firm) that is based on microeconomic foundations. This theory will be further devel-
oped in Chapter 4, but is used here to motivate the form of the investment function
that is appropriate if dynamic issues are taken into account.

2.3.1 Adjustment costs and investment

Firms invest in order to add units of capital to the stock they already have and to
replace the worn out capital stock. They do this because they want to conduct their
operations in the most profitable way. In Chapter 1 we have already described a very
basic static model of producer behaviour. The objective of this section is to expand
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bP'I?

adjustment costs

Figure 2.3: Adjustment costs of investment

our basic model of producer behaviour to a dynamic setting. By doing so, the issue
of optimal investment plans can be studied.

We make the following assumptions regarding the typical firm. First, the firm
has static expectations regarding all prices and the interest rate. Second, technology
is constant. Third, the firm is a perfect competitor in the markets for its inputs and
its output. Fourth, the investment process is subject to adjustment costs. Adding
new machines is disruptive to the production process and leads to lost revenue. For
low levels of investment these adjustment costs are low, but these costs rise more
than proportionally with the level of investment. The adjustment cost function is
(for simplicity) assumed to be quadratic: bP!I?, where b is a positive constant, P! is
the price of new machines, and I is the level of gross investment by the firm. The
adjustment cost function is illustrated in Figure 2.3. The production function is still
given by Y = F(N, K) and has the properties stated in Chapter 1.

Finally, we assume that the typical firm maximizes the present value of the net
payments it can make to the owners of its capital stock (i.e. the shareholders), subject
to the restrictions of the production function and the capital accumulation identity.
The market rate of interest on bonds, R, is used as the discount factor. In Intermezzo
2.2 we demonstrate that this assumption is justified in a decentralized market setting
with a well-functioning stock market.

Since the problem of the firm is essentially dynamic, all variables must be given
a time index. In order to obtain the simplest possible expressions, the derivation
proceeds in discrete time. Nominal cash flow at the beginning of period ¢, 11;, is
defined as:

I1; = PF(N;, K;) — WN; — P'I; — bP! 12, (2.36)

where N; is employment in period ¢, K; is the capital stock at the beginning of period
t, and I; is the level of investment in period . Note that the prices of goods and
labour (P, P!, W) have no time index because we assume that firms expect these to
be constant over time. The first two terms on the right-hand side of (2.36) represent
sales revenue minus the wage bill; they are familiar from Chapter 1. The third term
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represents the current outlays on new investment goods, and the fourth term repre-
sents the adjustment costs. The identity linking rates of investment and the capital
stock is given in discrete time as:

Kt+1 — K; = Iy — 6Ky, 0<d<l, (237)

where 0 represents the constant rate of physical deterioration of the capital stock due
to wear and tear.

In period 0 (‘today’) the objective function of the firm, i.e. the present value of
present and future cash flow streams, can be written as:

B o) 1 t
W= k() ™

t=0

- 1 )t I I72
Y (== |PF(N,Ki) —WN;—P'I; —bP'I7| . (2.38)
= <1+R [

Due to the dynamic nature of the problem, the firm must formulate plans regarding
production now and in the indefinite future (Y, fort =0,1,2,--- ,0). It does so by
choosing paths (for time periods t =0,1,2, - - - , 00), for employment (N;), investment
(It), and the capital stock (K;41) such that (2.38) is maximized subject to (2.37).

Intermezzo 2.2

The cost of capital. Which rate should the firm use to discount its
present and future profits? Does the firm’s dividend policy matter
to the valuation of its shares on the stock market? These and related
questions were first analysed in a number of highly influential pa-
pers by Modigliani and Miller (1958), Miller and Modigliani (1961),
and Miller (1977). Miller and Modigliani (1961, p. 413) consider the
following scenario: suppose a firm wants to invest by buying a $100
machine. How should it finance this investment-by reducing div-
idends (and thus relying on retained earnings) or by issuing new
shares? Their surprising answer is that, in an ideal economy char-
acterized by perfect capital markets, rational behaviour, and perfect
certainty, the firm’s dividend policy does not matter. This is the fa-
mous Modigliani-Miller Theorem (MMT hereafter). As it turns out this
theorem also gives an answer to our first question concerning the
appropriate discount rate for the firm.

Before giving a simple demonstration of the MMT it is impor-
tant to emphasize the assumptions upon which its validity is based
(Miller and Modigliani, 1961, p. 412). By perfect capital markets it is
meant that no buyer or seller of securities has market power. There
are no brokerage fees, transaction costs, and tax distortions. By ratio-
nal behaviour it is meant that investors prefer more wealth to less and
do not care about the form in which their wealth accrues (e.g. by cash
payments or by valuation changes). Finally, by perfect certainty it is
meant that all investors are fully aware of all future investment pro-
grammes and the future profits of every corporation. Presumably
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because these assumptions are rather stringent, the late Modigliani
himself reputedly always added the proviso “to a first approxima-
tion” when talking about the validity of the MMT (see Blanchard and
Fischer, 1989, p. 314 fn. 35).

Suppose that there are many firms (indexed with 7), facing identi-
cal technology and adjustments costs, and that the shares of all firms
are traded in the stock market. Assume furthermore that, apart from
holding shares in the various companies, investors can also hold a
one-period government bond which pays (1 + R) euros per euro in-
vested each period. We assume that the firms issue no (corporate)
debt and that the interest rate, wages, and prices are constant, both
at present and in the future. Under the assumptions made, the funda-
mental principle of valuation says that the yield per euro invested must
be the same for all financial assets:

di+ Pii1 — Pi
Pi

where d! is the dividend per share paid by firm i at the end of period
t, p} is the price of a share in firm i (exclusive of period t — 1 dividend)
at the start of period t. The left-hand side of (a) shows that the yield
on one euro invested in shares of firm i consists of dividend plus
capital gains expressed in terms of the price of a share in that firm.
The right-hand side of (b) shows that this common yield on shares

must be equal to the yield on one-period government bonds.
Note that (a) can be rewritten as:

=R, (a)

) 1 .
Pi=11R [dlt + P§+1} : (b)
This expression can be rewritten in terms of the value of the firm as

a whole by defining V/ = pini, where n! is the number of shares of
firm 7 at the beginning of period t:

. 1 S
Vi = 1T R {nltdlt + ”;Piﬂ]
1 .y . . .
= 1R {”thzt + (”Zt g — ”§+1) P;+1}
1 ‘ ‘ .
= 11R {Di + Vig1 - mlt+1pfs+1] / (©)
where Di = nid! is total dividends paid at the end of period t to the n!
‘old” stockholders and m; | = 1} — 1} is the number of new shares
sold during period ¢ at the ex-dividend closing price pi +1- Suppose
that P'Ii(1 + bI}) is the given firm’s investment level (inclusive of
adjustment costs) and that X! = PF(K!, N/) — WN! is the firm’s gross
profit, both measured at the beginning of period t. Then the amount
of outside capital that the firm needs to finance its investment plans

at the beginning of period t + 1 is:

m£+lpi+1 = PII§+1 (1+ bIZ+1) + Df — Xji1- (d)
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By substituting (d) into (c) we obtain the following expression for the
value of the firm at the start of period

; 1

Vi=17Rr Xip1 =PI (1+ 0L ) + th+1] : (e)

The crucial thing to note is that the level of dividends does not affect
anything in (e)! Hence, the current value of the firm is independent
of its current dividend policy. Solving (e) by repeated substitution
of terms like V/ Y Vi ', etc.,, we find the following expression for Vi
after T substitutions:

i 1\ 1\,
V = H V 7 f
t s_;_l(l—’_R) S+(1+R) t+T ()

where we have used the definition of cash flow, IT; (cf. the one given
in (2.36)). By letting T — oo in (f) we obtain:

) [} 1 s—t '
Vi= ). <1+R> IT;. (8)

s=t+1

As is pointed out by Auerbach (1979b, p. 437), the expression in (g)
holds provided the value of the firm grows at a slower rate than
R so that imr_ (1 + R)’TVtiJrT = 0in (f). This is a so-called No
Ponzi Game (NPG) condition which prohibits the firm from running a
“chain letter scheme” by supporting dividend payments solely from
new share issues. (We shall encounter NPG conditions in various
setting throughout the book).

By dropping the now superfluous firm index i and noting that the
firm also has some cash flow at the beginning of the period ¢, we find
that the objective function of the firm can be written as:

_ o 1 s—t
s;t 1+R

By normalizing the planning period t = 0 we obtain the expression
(2.38) in the text. Cash flows should be discounted by the cost of
capital which, in the present setting, equals the rate of return on gov-
ernment bonds.

The Modigliani-Miller Theorem has been extended and gener-
alized over the last four decades. Useful extensions in a macro-
economic setting are Auerbach (1979b), Sinn (1987), and Turnovsky
(1995, ch. 10). All these authors focus on the effect of real world taxes
on the validity of the MMT.

%A%

Two things are noteworthy about the firm’s optimization problem. First, the
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choices regarding investment and the capital stock are not independent because the
capital accumulation identity (2.37) implies a path of the capital stock once a path for
investment is chosen. Second, in the planning period, t = 0, the firm has an installed
capital stock already, so that Ky is not a choice variable to the firm. Formally, the
maximization problem can be solved by means of the Lagrange multiplier method.
The Lagrangian is:

_y Ly I 12
Lo = ;)(M> {PF(Nt;Kt)—WNt—P Iy —bP It]
5 (1+R) M- [Ki = (1= 9)K — 1], (2.39)

where A; is the Lagrange multiplier for the capital accumulation constraint that is
relevant in period t (in order to simplify the notation these multipliers are weighted
by the discount factor). The first-order conditions are (for t =0, - - - , 00):

9Ly 1\
Ly 1 \'[PF(Nps1,Kis1) + Apa (1 - 6) _
OK1 (1 + R) { 1+R M| =0, 241)
t
% - (1411%) [—PI — 2P, + At} —0. (2.42)
t

(Note the timing of the Lagrange multiplier in the first-order condition for capital)

Although (2.40)-(2.42) look monstrously difficult, they can nevertheless be read-
ily interpreted. Note that (1+R)™* > 0 so that the terms in square brackets on
the right-hand sides of (2.40)-(2.42) must be zero to satisfy the first-order conditions.
Hence, equation (2.40) amounts to the marginal productivity condition for the labour
input that was already derived for the static case (see equation (1.4)). It is intuitively
obvious why these two first-order conditions coincide: labour is a fully flexible factor
of production, and the choice of how much labour to use is not a dynamic one.

Equations (2.41) and (2.42) can be combined to yield an expression for the optimal
path of investment. First, (2.42) is used to get expressions for A; and A, 1:

At = P[142bL], A = P[142b14]. (2.43)

By substituting these expressions into (2.41), we obtain the first-order condition for
investment:

PFg(Nps1, Kep1) + A (1=0) = A(1+R) = 0 =
PFg(Npi1, Kpyr) + (1= 8)P [1+42bL 4] — (1+ R)P'[14+2bL] = 0 =
1+ R PF(Niy1, Kipr) — PI(R +6)
Livq — I = 0. (244
Tyt 2bPI(1 - §) 0. (249

This equation is an unstable difference equation for investment, because the coeffi-
cient for I; is greater than unity. The steady-state solution for investment is found by
setting Al; 11 = 0,0r ;1 = I; = It

1 [PFK(N,K) - 1] .

T 2b | PI(R+9) @45)
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The intuition behind expression (2.45) is very simple. If the value of the marginal
product of capital (PFk) is greater than the rental price of capital (i.e. the opportunity
cost of capital plus the depreciation charge, (R + §)P), the firm should invest. Note
furthermore that in the absence of adjustment costs (b = 0), the firm has no well-
defined optimal investment policy. In that case (2.45) reduces to PFx = P!(R + ),
which is a static condition determining the optimal capital stock for the firm. Hence,
in the absence of adjustment costs, the firm has an infinite speed of investment and
immediately adjusts its capital stock to the optimal level.

In Chapter 4 we shall demonstrate more formally that the steady-state invest-
ment plan (2.45) is also the optimal solution to the firm’s maximization problem. In-
tuitively, the firm chooses the smoothest possible investment path in order to avoid
very high adjustment costs in periods of high investment. An uneven path of invest-
ment, e.g. low now, high later, would have low adjustment costs now but very high
adjustment costs later. Due to the fact that the adjustment cost function is convex
(e.g. quadratic), these higher costs later dominate the low costs early on.

One final remark about expression (2.45) concerns the price of investment goods,
P!, The IS-LM model is essentially a one-good model, so one would expect that the
investment good is actually the same as the consumption good and thus P = P’.
There is, however, a reason why the two prices can diverge, even in a one-good
setting. Suppose that the government wishes to stimulate investment. It could do so
by subsidizing investment goods. In that case the price of investment goods faced
by firms is equal to P! = (1 — s;)P, where s; is the subsidy. Equation (2.45) then
becomes:

1 F¢(N,K)

1= [G=s)®R+0)

—1]. (2.46)

It is clear from this expression that the investment subsidy is successful in stimulat-
ing investment, i.e. dI/ds; > 0. We return to the important issue of how government
policy can be used to stimulate private investment in Chapter 4.

232 Stability

The investment theory developed in the previous section may be summarized by the
general functional form for investment:

I=1(RKY), Ig<0, Ix <0, Iy >0, (2.47)

where we assume that there is no investment subsidy (so that P! = P). We also
assume that the marginal product of capital (that appears in expression (2.46)) de-
pends positively on Y and negatively on K. This is, for example, the case for the
Cobb-Douglas production function, Y = N*K!'"* (with 0 < a < 1), for which
Fx = (1 —=a)Y/K, 0Fx/9dY > 0, and dFx/dK < 0. An alternative, more ad hoc
derivation of this investment relationship is the so-called accelerator theory of in-
vestment. This proceeds by postulating a desired level of the capital stock, say
KP(Y,R) with KY > 0 and KR < 0, and assuming that investment takes place in
order to close the gap between the desired and the actual level of the capital stock,
say I = b(KP — K) with b now being the speed of adjustment. Clearly, this acceler-
ator view of investment may also be seen as a special case of this general functional
form for investment.
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In order to investigate stability in the IS-LM model, we first simplify matters
by postulating that the price level is constant, i.e. we assume that the AS curve
is perfectly elastic at the given price level which we normalize to unity (P = 1).
Throughout this section we hold the money supply constant. The model of aggregate
demand with dynamics in the capital stock can thus be written as:

Y = C(Y-T(Y))+I(RKY)+G, (2.48)
M = I(Y,R), (2.49)
K = I(RK,Y)— K. (2.50)

Equation (2.48) is the IS curve, (2.49) is the LM curve, and (2.50) is the capital accu-
mulation identity (2.37) rewritten in continuous time and with (2.47) substituted. We
assume that the IS curve is downward sloping, i.e. 0 < Cy_7 (1 —Ty) + Iy < 1.

The capital stock is predetermined in the short run, so that the IS-LM equations
(2.48)-(2.49) jointly determine short-run equilibrium values for output, Y, and the
rate of interest, R, in terms of K and G:

Y=AD(K,G), R=H(KG), (2.51)

where the pluses and minuses summarize the signs of the partial derivatives asso-
ciated with the IS-LM schedules. These are obtained in the standard manner. The
spending multiplier is, for example, given by:

1

ADg = >
T 1-Cr(1-Ty) — Iy + Ixly/Ig

0. (2.52)

The positive output effect in investment (Iy > 0) ensures that the multiplier is larger
than its counterpart in the standard IS-LM model—see equation (2.4). In terms of
Figure 2.4, an increase in government consumption shifts the IS curve to the right,
and moves the equilibrium from point Ej to point A. The remaining partial deriva-
tives are given by:

ADg = IgADg < 0, Hg = —%ADG >0, Hg = —%ADG < 0. (2.53)
The interested reader should verify that the move from E to A in Figure 2.4 explains
the signs of ADg and Hg, whilst the move from Ej to B explains the signs of ADg
and Hg. Clearly, a fiscal contraction or a higher capital stock lowers the interest rate
and depresses aggregate demand and hence output.

It is immediately obvious that the stability issue is not as easy as for the case of
price expectations under the AEH. Indeed, equation (2.50) says that K depends on K
directly and indirectly via induced effects on Y and R. By using (2.51) in (2.50) we
find that the function relating K to K and G can be written as:

K=1I(H(K,G),K,AD(K,G)) —6K =¥ (K,G), (2.54)
where the partial derivatives of ¥ (K, G) are given by:

Yx = IgRHgx+ Ix+ IyADg — 6, (2.55)

Ys = IrHg+ IyADg. (2.56)

Recall that the stability requirement is that changes in the capital stock must taper
off, i.e. stability requires that 0K/0K = Yk < 0 holds. But is Y negative? Glancing
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1S(G,K)

Figure 2.4: Comparative static effects in the IS-LM model

at (2.55), “stabilizing” influences exist because Ix < 0, [yADg < 0, and -6 < 0.
A high capital stock and (thus) a low level of aggregate demand both imply a low
level of gross investment. In addition, a high capital stock implies a high level of
depreciation. Hence, net investment is at a low level and the capital stock will fall
in future periods back to its equilibrium value. However, a “destabilizing” influence
is clearly the term IgxHg > 0. Intuitively, the destabilizing effect is due to the fact
that a higher capital stock induces a lower interest rate (as Hx < 0) and stimulates
investment (as Iz < 0).

What would the well-trained economist do in such a situation where stability
is not guaranteed? Typically, one would appeal to Samuelson’s correspondence
principle and simply assume stability, i.e. postulate that the destabilizing effect of
IrHg > 0 is dominated by the sum of the stabilizing effects (Ix + IyADg — ) < 0,
so that ¥k is negative and the K lines in Figure 2.5 are downward sloping. This is
the approach taken here also.

Given that stability has been assumed, what happens if the government increases
its expenditure on goods and services (dG > 0)? Equation (2.54) says that the K
line may shift up or down depending on the sign of 0K/9G = ¥ s-recall that IxHg
is negative whilst IyADg is positive. A typical monetarist (see Chapter 1) would
suggest a strong interest rate effect on investment (|Iz| large), and a large effect on
the interest rate but a small effect on output of a rise in government spending (Hg
large and AD¢ small). Consequently, a monetarist might suggest that ¥ is negative.
This is illustrated in Figure 2.5. According to the monetarist view, the K line shifts
down, and in the long run the capital stock is crowded out by government spending.

A typical Keynesian might argue the reverse: |Ig| small, Hs small, and ADg
large, so that ¥ > 0. This implies that the K line shifts up and to the right, so that
the capital stock is stimulated in the long run by a rise in government spending. The
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Figure 2.5: The effect on capital of a rise in public spending

Keynesian predictions regarding the effects on the rate of interest and output have
been illustrated in Figure 2.6. In the short run the capital stock is fixed (at Kp) and
the IS curve shifts to the right (from IS(Ky, Gy) to IS(Kp, G1)) as a result of the increase
in government consumption. The economy moves from Ej to A, and output and
employment increase. Despite the higher interest rate, firms wish to add to their
capital stock, i.e. net investment is positive at point A (K > 0). Over time the capital
stock increases and the IS curve gradually shifts to the left. In the new steady state,
K = 0, the capital stock is equal to Kj, IS(Ky, G1) is the relevant IS curve, and the
equilibrium is at point E;.

The long-run effect on output is guaranteed to be positive (though more so under
the Keynesian assumptions). This can be shown as follows. In the long run it must
be the case that K'R = ¥ (KR, G) = 0, where the superscript LR denotes long-run
values. Hence, the long-run effect on the capital stock is given by:

dK\™® g
(dG) = ¥ (2.57)

where stability ensures that the denominator is positive. To a Keynesian, the ad-
ditional government spending “crowds in” the capital stock and the numerator is
positive, and the reverse holds for a monetarist. By using the long-run capital stock
effect (2.57) and the long-run AD curve, YR = AD (KLR, G) , we obtain the following
long-run output multiplier for a rise in public spending;:

LR LR
<dY) = ADg <dK) + ADg

dG dG
4K\ LR
= ADg¢ |Ix <dG) +1
%>0, (2.58)

_\PK
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Figure 2.6: Capital accumulation and the Keynesian effects of fiscal policy

where we have used (2.53) and (2.56) to simplify the expression. In the stable case
(with =Yg > 0) Samuelson’s correspondence principle thus yields useful informa-
tion on the sign of the denominator. Since the numerator of expression (2.58) is
positive as well (as Ig < 0 and ADg > 0), output must rise in the long run. The
Keynesian assumptions imply that investment is not very sensitive to the rate of in-
terest while money demand is very sensitive to changes in the interest rate (a steep IS
curve and a flat LM curve) and that investment reacts strongly to changes in output.
In that case, crowding out of private investment is small relative to the output effect
on investment. It thus follows that output and capital both rise after an increase in
public spending. The monetarist assumptions are the opposite (a steep LM curve,
a flat IS curve, and a small output effect on investment). Hence, a rise in public
spending depresses capital and output rises by less in the long run.

This example must not be taken too seriously, of course, in view of the fact that it
is highly implausible that the actual AS curve is horizontal (as was assumed in this
section). It merely serves to illustrate the stability issues surrounding the stock-flow
interaction between the capital stock and investment.

2.4 Wealth effects and the government budget
constraint

Another example of stock-flow interaction are the intrinsic dynamics in the IS-LM
models that arise once we allow for the wealth effects in consumption and money
demand if the government issues extra bonds or prints more money to finance its
deficit. Blinder and Solow (1973) suggest that this issue can be fruitfully studied
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with the aid of the IS-LM model with a fixed price level, which we again normalize
at unity (i.e. P = 1). This extension of the IS-LM model is an important one, because
the textbook IS-LM model is somewhat of a curious construct as it measures in one
diagram both flow concepts (through the IS curve) and stock concepts (through the
LM curve). In the textbook IS-LM model it is not really possible to even ask the
question of how the effectiveness of, say, a fiscal expansion depends on the mode of
government finance. It is for this reason that we now turn to the crucial question of
allowing for the dynamics arising from private wealth and the government budget
restriction.

The government can issue consols (bonds of infinite term to maturity) that promise
the owner a fixed periodic payment of 1 euro from now to infinity. Such consols are
popular wedding presents among economists, since they remind the partners to buy
a rose each time the coupon is paid at the wedding anniversary. If the rate of interest
is R, how much would an investor be willing to pay for such a bond? Obviously, the
price of the bond, Pp, would be exactly equal to the present value of the stream of
income derived from the bond, or, in continuous time:

« —Rt 1 —Rt|® 1

PB—/O 1-e Nt = R-e 0 "R (2.59)
If the government has issued B of such bonds in the past, then the payments it must
make each period are equal to B times 1 euro. Hence, B represents both the number
of consols in the hands of the public and the interest payments of the government to
the public. If the government issues new consols (B > 0), it receives PBB in revenue
from this bond sale. Furthermore, the government can meet its obligations by simply
printing money (M > 0). With goods prices fixed at unity, the government budget
restriction can be written as:

G+B=T+M+ (1/R)B. (2.60)

The left-hand side represents the nominal spending level of the government inclu-
sive of interest (i.e. coupon) payments to private agents. The right-hand side of
the government budget restriction shows the three financing methods open to the
government, namely taxation, money finance, and bond finance.

The level of taxation, T, depends on all income received by the households, i.e.
inclusive of real interest receipts B:

T=T(Y+B), 0<Typ<1, (2.61)

where Ty, is the marginal tax rate. The total amount of real private financial wealth
in the economy, A, is the sum of the fixed capital stock, K, the real money supply,
and the real value of bond holdings by the public:

A=K+ M+B/R. (2.62)

As a final modification, Blinder and Solow (1973) suggest that both consumption and
money demand depend positively on the level of wealth:

C = C(Y+B-T,A), 0<Cypr<1 Cus>0, (2.63)
M = I(Y,RA), Iy >0, <0,0< 1y <1, (2.64)

where C4 and I4 represent the wealth sensitivity of, respectively, consumption and
money demand. Equation (2.63) is a mixture of two theoretical notions. As we
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shall see in Chapter 6, the forward-looking theory of consumption typically assumes
households to have unlimited access to a perfect capital market. This suggests that
private consumption should depend on total wealth (i.e. financial wealth plus hu-
man wealth, the present value of lifetime earnings) and, possibly, the rate of interest
as well. Furthermore, bonds should not be counted as part of private wealth. In
contrast, the Keynesian theory of consumption suggests a central role for current
income. As we shall see in Chapter 6, however, there is an empirically plausible ra-
tionale for the specification adopted in (2.63). For now we simply use (2.63) without
further comment and leave some of these issues as an exercise and for Chapter 6.

Money demand, given by the right-hand side of (2.64), is also different from the
one used in equation (1.25). The rationale for this money demand function is a port-
folio allocation model. The household chooses to allocate its total financial wealth,
A, over the three different financial assets that exist in the model: bonds, claims to
physical capital, and money. Under the assumption that claims to physical capital
and bonds are perfectly substitutable, the rate of return on these assets must be the
same (and equal to R). This explains why only R appears in (2.64). Obviously, if
wealth rises, one would expect all components of the wealth portfolio to rise, in-
cluding the demand for money. This explains the positive wealth effect in money
demand.

2.4.1 Short-run macroeconomic equilibrium

In the short run, the money supply and the level of government debt are predeter-
mined variables. The IS curve is obtained by combining (2.61)-(2.63) with the stan-
dard investment function, I = I (R), and the national income identity for the closed
economy, Y = C+ 1+ G:

Y=C(Y+B-T(Y+B),K+M+B/R)+I(R) +G. (2.65)

The LM curve is given by equation (2.64). By total differentiation of (2.64) and (2.65),
keeping K constant (dK = 0) and noting (2.62), we obtain:

dG + [Cyip1(1 — Tyyp) + Ca/R]dB + CadM

ay =
1—Cyypr(1— Ty4n)
Ix — C4B/R?| dR
[Ir — CaB/R’] , (2.66)
1—Cyyp (1~ Tyyp)
ik — —Ua/R)dB+(1—14)dM — IydY 26

Ir — [4B/R2

The IS curve is downward sloping and the LM curve slopes up, just as in the basic
IS-LM model. The short-run equilibrium values of output, Y, and the rate of interest,
R, can once again be expressed in terms of the key predetermined and exogenous
variables:

Y = AD(G,B,M), R =H(G,B,M). (2.68)
+727F '+
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By using (2.66) and (2.67), expressions for the partial derivatives can be obtained in
the usual manner. For the AD curve we find:

1
ADg = >0, (2.69)
¢ 1= Cyypr(1— Tyyp) +¢ly

Cyspr(1 —Tyyp) + Ca/R—Gla/R > >0,

AP = 1= Cyypr(1— Tysp) +¢ly @70)
ADM = 1= Cyig—:(f(—l ;Yif;)) Ty O @71)
whilst for the interest rate effects we obtain:
H; = IAWRZMADG >0, (2.72)
Hy — (l1a/R) [;A;fllgiﬂ(ll |— TY+B)]AD
iy [C”BZZ(BI /_RZT le)RT CA/Rl apg > 0, (2.73)
- MAOie o0l o

In these expressions, ¢ is a positive composite parameter, defined as ¢ = [C4B/R? +
[Ir|]/ [laB/R?+ |Ig|] > 0. The interpretation of these partial derivatives is facil-
itated with the aid of Figures 2.7-2.9. For example, in the top panel of Figure 2.7,
the initial equilibrium is at point Ey. An increase in government spending shifts the
IS curve from IS(Gy,Mp) to IS(G1,Mp). At point A income is higher than before and
there is an excess demand for money (an excess supply of bonds). This causes a fall
in bond prices, i.e. a rise in the interest rate, which moves the economy to point E’.
In terms of Figure 2.7, both output and the rate of interest are higher, hence ADg > 0
and Hg > 0. (The partial derivatives for changes in M and B are discussed below.)

In Figure 2.7 we have shown that an increase in government spending causes
a short-run increase in output, Y, and the rate of interest, R. This is not the end
of the story, of course, since we have not yet taken the government budget restric-
tion into account. Blinder and Solow (1973) consider two extreme cases. In the first
case, the government prints new money to finance the additional government spend-
ing. Consequently, the money stock changes over time to balance the government’s
books, i.e. M # 0 and B = 0. In the second case considered by Blinder and Solow
(1973), the government balances its books by issuing additional bonds, i.e. M = 0
and B # 0. The questions that can be analysed now are: (i) is the model stable un-
der both financing methods, and (ii) what is the relationship between the different
output multipliers for government spending with respect to different modes of gov-
ernment finance. At first blush one would ignore wealth effects and suggest that
a money-financed increase in government spending boosts output by more than a
bond-financed rise in government spending, because it is associated with a fall in
the interest rate and thus an additional boost to aggregate money demand as the LM
curve shifts out. At second blush this may not turn out to be correct as the wealth
effects in consumption and money demand affect the multipliers as well. We now
investigate this in more detail.
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Figure 2.7: The effects of fiscal policy under money finance
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2.4.2 Money finance

Under money finance the government budget restriction reduces to M = G + B —
T(Y + B), where B is fixed. This government budget restriction thus represents a
function relating M to government spending G and output Y. But output itself de-
pends on G and M, via the AD curve relationship (2.68), so the implicit relationship
between M, G, and M can be written as:

M =G+ B~-T(AD(G,B,M)+B) = ®(M,G), (2.75)

where we suppress the variable held constant (B) in this financing scenario in the
functional form ® (M, G). The partial derivatives of the ® (M, G) function are given
by:

Oy = —TygADpy <0, (2.76)
(1—Cyipr) (1= Tyyp) +Cly
1—Cyip1(1— Tyyp) +Cly
where we have used (2.69) to arrive at the second expression in (2.77). Hence, it is
immediately obvious that the model is stable under money finance. Indeed, it fol-
lows from (2.76) that IM /9M = Py < 0 so that changes in the money stock dampen
out over time. Furthermore, (2.77) shows that the initial effect of the fiscal impulse
is to cause a budget deficit, i.e. IM/9G = P > 0. The impact, transition, and long-
run effects of a money-financed increase in government spending are illustrated in
Figure 2.7. In the bottom panel, the stable adjustment path consists of a jump from
Ej to E’ at impact, followed by a gradual move from E’ to E; during transition. Not
surprisingly, the money supply increases in the long run, from My to M;. From the
diagram in the top panel it is obvious that the long-run effect on output exceeds the
short-run effect, i.e. point E; lies to the right of point E. The steady-state government
budget restriction is obtained by setting B = M = 0 in (2.60) above. We find that

G + B = T(Y'R + B), from which we easily derive the long-run output multiplier:

Ay \ IR 1 (dY)SR
f = _— S ADc=(22) , 2.78
<dG)MF Tyip ¢ dG ) yp @78)

>0, (2.77)

CI)G = 1-— TerBADG =

where the subscript “MF” denotes money financing. Money finance leads to a stable
adjustment process. Both the IS and the LM curve shift out leading to an expansion
of output and tax revenue thereby reducing the government deficit until balanced
budget and steady state are reached. Output has to rise by just enough to generate
sufficient tax revenue to pay for the rise in government spending. This is why the
long-run output multiplier for a money-financed increase in government spending
is equal to one over the marginal tax rate.

2.4.3 Bond finance

Under bond finance the government budget restriction reduces to (1/R)B = G+ B —
T(Y + B) and M is fixed. But both Y and R depend on G and B, via the expressions
stated in (2.68) above. Hence, it would appear that the implicit relationship between
B, B, and G is quite complex in this case:
B = R-[G+B—-T(Y+B)]
= H(G,B,M)- |G+ B—T(AD(G,B,M) + B)]
= A(B,G), (2.79)
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where we have once again suppressed the variable held constant (M in this scenario).
Evaluated at a steady-state, however, the partial derivatives of the A (B, G) function
are not very complicated:7

Ap = R[1-Typ(1+ADg)] 20, (2.80)
Ac = R[1-TyADg| > 0. (2.81)

It follows from (2.80) that it is not at all obvious that the model is stable under bond
finance. Recall that the model is stable if (and only if) changes in debt eventually
dampen over time, i.e. dB/dB = Ap is negative. The correspondence principle
instructs us to only use stable models, so we must impose the following (necessary-
and-sufficient) stability condition:
Ap = 98 <0 ©1-Typ(l+ADp)<0 < ADp> 1~ Tvp > 0. (2.82)
0B Tyip

This condition says that the wealth effect on aggregate demand, ADg, must be posi-
tive and sufficiently large in magnitude. In (2.70) we showed, however, that ADp can-
not be signed a priori. This is because a rise in the level of debt boosts private wealth,
private consumption, and thus aggregate demand and output (the outward shift of
the IS curve), but it also increases money demand and thus depresses aggregate de-
mand and output (inward shift of the LM curve). As was demonstrated by Blinder
and Solow (1976a, p. 184), a necessary (but not sufficient) condition for stability is
that the weighted wealth sensitivity of consumption, Cy4 |Ir|, exceeds the weighted
wealth sensitivity of money demand, I4 |Ig|. Put differently, if C |Ig| <[4 |Ir| then
the stability condition (2.82) simply cannot be satisfied. To prove this rather subtle
claim, we use (2.69)-(2.70) and substitute the definition of ¢, stated below (2.74), to
find:

Tyip Ty Ca |lIr] —1a |Ir|
Y ADp = Cyyp rTy.gADG + .
1= Ty P BT YsBame T 5 IUB/R+ R IR

(2.83)

Clearly, the first term on the right-hand side of (2.83) is between zero and one (be-
cause 0 < Cyypr < land 0 < TyygADg < 1). If Cx |Ig| < 14 |IR| the second term
is negative, so the left-hand side of (2.83) must be less than one thus violating the
stability condition (2.82)

But the condition, C4 |Ir| > I4 |Ir|, which of course implies that ADjp is positive,
is not sufficient for stability. This is because the additional debt also gives rise to
additional government outlays on interest payments and the potential danger of a
self-fuelling explosion of government debt. The interest payments must ultimately
be financed by means of higher tax revenues for otherwise the government books
will not be balanced (i.e. it must be the case that eventually B = 0). This is why the
marginal tax rate plays a crucial role in the necessary-and-sufficient stability con-
dition (2.82). More precisely, with a high marginal tax rate, more tax revenues are
generated for a given expansion of output and thus it is more likely that the deficit is
eliminated and the build-up of government debt is arrested (i.e. stability is ensured).

The impact, transition, and long-run effects of a bond-financed rise in govern-
ment spending are illustrated in Figure 2.8 for the stable case. From the diagram it is
obvious that the long-run effect on output exceeds the short-run effect, i.e. point E;

"These partial derivates are obtained by totally differentiating the first line of (2.79) around an initial
equilibrium in which B = 0. This implies that the term [G + B — T]dR = 0 so that only the effects
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Figure 2.8: Fiscal policy under (stable) bond financing
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lies to the right of point E’. Mathematically, we derive the long-run output multiplier
as follows. First, we totally differentiate the steady-state government budget restric-
tion, G+ B = T (AD(G, B, M) + B), with respect to G and B to find the long-run
effect on government debt:

<dB >LR _Ag 1— Ty,3ADg

- = = >0, 2.84
dG BF —Ap TY+B(1 +ADB) —1 ( )

where the sign follows from (2.81) and the stability condition (2.82). Next, we totally
differentiate the AD curve, Y = AD(G, B, M), with respect to Y, G, and B and sub-
stitute (2.84). After some straighforward manipulation we find the long-run output
multiplier:

dy \ R 1 — Ty,gADg dy\ °R
) =AD;+AD SADc= (=) . 2.85
<dG>BF e 5Ty 5(1+ADg) — 1 G (dG)BF (2.85)

The inequality follows readily from the fact that ADp is positive (see (2.82)) and
long-run government debt rises (see (2.84)).

As a final remark, consider the long-run multipliers under the two financing
methods. It is obvious from (2.78) and (2.85) that, provided the stability condition
(2.82) holds, the bond-financed output multiplier exceeds the money-financed mul-
tiplier:

LR LR
() (40 s
BF MF
The intuition is straightforward. The long-run increase in output under bond finance
must exceed the one under money finance, because the additional interest payments
must also be financed by means of higher tax receipts and this requires a higher
steady-state national income. This has been illustrated in Figure 2.9, where point Eg
indicates the initial equilibrium, point E’ stands for new equilibrium that is attained
immediately after government consumption is increased (the impact effect, which is
common to both financing modes), and points E; and Ep represent the long-run out-
come under money finance and bond finance, respectively. Figure 2.9 clearly shows
that bond finance (provided it is stable!) yields a bigger long-run multiplier than
money finance even though the interest rate rises by more. Providing the intuition
behind the shifts in the IS, LM, and tax schedules is left as an exercise.

2.5 Punchlines

We have extended the static IS-LM-AS model by adding some essential dynamic
features to do with adaptive expectations, capital accumulation, and the build-up of
government debt. Allowing for adaptive expectations in aggregate supply ensures

operating via the AD curve feature in (2.80)-(2.81).
8To see that this is the case, note that:

Ty 1—Typ
ADp <1 & ADp< ——,
1— Ty B y Tyip

where the second expression is easily seen to violate the stability condition (2.82).
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that fiscal and monetary policy can have transient real effects. This is why this ex-
tension corresponds to a neo-Keynesian synthesis with a Keynesian short run and a
classical long run. Hence, an expansion of aggregate demand leads in the short and
medium run to a rise in output but as expectations catch up with the rise in prices the
initial gains in output are wiped out. Money is thus neutral in the long run. Stability
of the expectational adjustment process is guaranteed.

We also provided an example of hysteresis, or path dependence of the steady
state, by suggesting that the natural level of output depends on the past level of out-
put. Alternatively, the natural unemployment rate is supposed to be determined by
the past unemployment rate. This captures the phenomenon that the long-term un-
employed become alienated from the labour market, stop searching for a job, and no
longer exert downward wage pressure. Two lessons can be drawn from this analy-
sis. First, permanent changes in fiscal and monetary policy have lasting effects on
employment and output. Second, as far as supply-side policy and shocks are con-
cerned, even temporary changes have permanent effects on employment and out-
put. Temporary adverse supply shocks can thus lead to permanently higher levels
of unemployment.

To allow for finite speeds of investment and sluggish adjustment in the capital
stock, it is useful to introduce adjustment costs when investment takes place. In that
case, employment still follows from the condition that the marginal productivity of
labour must equal the real wage but the marginal productivity of capital no longer
equals the user cost of capital (i.e. the rental charge plus the depreciation charge).
Instead, investment is high if the gap between the marginal productivity of capital
and the user cost of capital is large. This amounts to an investment function which
states that investment increases if output rises and the capital stock or the interest
rate declines. Such a specification also arises if one adopts an accelerator view of in-
vestment. Introducing this specification of investment and the capital accumulation
identity into the basic model of aggregate demand, typically does not lead to instabil-
ity. Under the Keynesian assumptions, i.e. investment not very sensitive, but money
demand very sensitive to changes in the interest rate, a rise in public spending leads
to higher levels of capital and output. However, under the monetarist assumptions,
i.e. investment very sensitive, but money demand insensitive to changes in the in-
terest rate, an increase in public spending crowds out capital. Output nevertheless
still rises in the long run.

A final extension to allow for dynamics in the basic IS-LM-AS model is to in-
corporate wealth effects in consumption and money demand. This extension is es-
sential, because the basic IS-LM framework compares apples with oranges as the IS
curve refers to flow concepts while the LM curve relates to stock concepts. There is
something fundamentally wrong with seeking equilibrium in both stock and flow
concepts without allowing for a time dimension. To allow for this time dimension,
we assume that consumption and money demand rise if wealth (consisting of claims
to physical capital, real money balances and government bonds) increases. Con-
sumption also depends on disposable income, where taxes are levied on both pro-
duction and interest income. The government budget constraint states that the pub-
lic sector financial deficit, i.e. primary public spending plus interest payments minus
tax revenue, must be financed by printing money or issuing bonds. Since a money-
financed increase in public spending induces downward pressure on the interest rate
while a bond-financed increase in public spending induces upward pressure on the
interest rate, one might think at first sight that money finance is more expansionary
than bond finance. Surprisingly, this is not the case in the long run. In fact, provided
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the debt dynamics is stable, the long-run bond-financed multiplier is larger than the
money-financed multiplier because national income must rise to generate sufficient
tax revenue not only to cover the rise in public spending but also the interest on the
accumulated government debt. The money-financed multiplier simply equals one
over the marginal tax rate, whereas the bond-financed multiplier is larger than this.
Money finance automatically leads to a stable process, since the initial government
deficit is gradually eliminated as money supply expands, the interest rate falls, and
national income and tax revenue rise. In contrast, bond finance may lead to a never-
ending explosion of government debt if over time the build-up of government debt
raises money demand and pushes up the interest rate so much that national income
and tax revenue fall. The result is an ever-increasing government deficit. This insta-
bility can only be stopped if the wealth effect in consumption is strong enough, that
is if the rise in private wealth and consumption boosts aggregate demand, national
income and tax revenue sufficiently to ensure that the government deficit becomes
smaller over time. Hence, to ensure stability under bond finance the wealth effect
in consumption must be relatively strong compared to the wealth effect in money
demand. By appealing to the Samuelsonian correspondence principle, a simple sta-
bility condition can be derived which ensures that debt will be stabilized in the long
run.

Further reading

Key readings in the adjustment cost approach to investment are Eisner and Strotz
(1963), Lucas (1967), Gould (1968), and Treadway (1969). Abel (1990) gives an overview
of this literature. The classic articles on the government budget constraint are Blinder
and Solow (1973, 1976a, 1976b). See also Tobin and Buiter (1976), Turnovsky (1977),
and Scarth (1988). For early applications of dynamic methods to the study of the
macroeconomy readers are referred to Samuelson (1947), Baumol (1959), and Allen
(1967). See Cross (1988) for a collection of papers dealing with hysteresis.
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Chapter 3

Rational expectations and
economic policy

The purpose of this chapter is to discuss the following issues:

1. What do we mean by rational expectations (also called model-consistent ex-
pectations)?

2. What are the implications of the rational expectations hypothesis (REH) for
the conduct of economic policy? What is the meaning of the so-called policy-
ineffectiveness proposition (PIP)?

3. What are the implications of the REH for the way in which we specify and use
macroeconometric models, and what is the Lucas critique?

4. What is the lasting contribution of the rational expectations revolution?

3.1 What is rational expectations?

3.1.1 The basic idea

More than three decades ago, John Muth published an article in which he argued
forcefully that economists should be more careful about their informational assump-
tions, in particular about the way in which they model expectations. Muth’s (1961)
point can be illustrated with the aid of the neoclassical synthesis model under the
AEH that was discussed in Chapter 2. Consider Figure 3.1, which illustrates the ef-
fects of monetary policy over time. The initial equilibrium is at point Ey, with output
equal to Y* and the price level equal to Py. There is an expectational equilibrium,
because P = P° at point Ey. If the monetary authority increases the money supply
(in a bid to stimulate the economy), aggregate demand is boosted (the AD curve
shifts to AD;), the economy moves to point A, output increases to Y/, and the price
level rises to P’. In A there is a discrepancy between the expected price level and the
actual price level. This discrepancy is slowly removed by an upward revision of the
expected price level, via the adaptive expectations mechanism (e.g. equation (1.14)).
In the diagram this is represented by a gradual movement along the new AD curve
towards point Eq, which is the new full equilibrium.
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P=P;+ (/) [Y - YT

P=P5+ (L) [Y - Y]

AD,

AD,

\a Y’ Y

Figure 3.1: Monetary policy under adaptive expectations

The adjustment path of expectations is very odd, however, because agents (e.g.
households supplying labour) make systematic mistakes along this path. The time
paths for the actual and expected price levels are illustrated in Figure 3.2, as is the
expectational error (P — P). The initial shock causes an expectational error that is
slowly eliminated. All along the adjustment path, the error is negative and stays
negative, and agents keep guessing wrongly.

This is very unsatisfactory, Muth (1961) argued, because it is diametrically op-
posed to the way economists model human behaviour in other branches of eco-
nomics. There, the notion of rational decision making (subject to constraints) oc-
cupies centre stage, and this does not appear to be the case under the AEH. As a
result, Muth proposed that: “...expectations, since they are informed predictions of
future events, are essentially the same as the predictions of the relevant economic
theory” (1961, p. 316).

With respect to the model illustrated in Figure 3.1, this would mean that agents
hear at time t; that the money supply has been increased from My to Mj, use the
relevant economic theory (equations (2.1)-(2.2)), calculate that the correct price level
for the new money supply is P, adjust their expectations to that new money supply
(P{ = P1), and supply the correct amount of labour. As a result, the economy jumps
from Ey to Eq, output is equal to Y* and the price level is P;. Of course, this ad-
justment story amounts to the PFH version of the policy-ineffectiveness proposition.
Since there is no uncertainty in the model, forecasting is not difficult for the agents.
They realize that a higher money supply induces a higher price level and thus ad-
just their wages upwards. As a result, the real wage, employment, and output are
unaffected.

In reality all kinds of chance occurrences play an important role. In a macroeco-
nomic context one could think of stochastic events such as fluctuation in the climate,
natural disasters, shocks to world trade (German reunification, OPEC shocks, the
Gulf War), etc. In such a setting, forecasting is a lot more difficult. Muth (1961)
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Figure 3.2: Expectational errors under adaptive expectations
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formulated the hypothesis of rational expectations (REH) to deal with situations in
which stochastic elements play a role. The basic postulates of the REH are: (i) in-
formation is scarce and the economic system does not waste it, and (ii) the way in
which expectations are formed depends in a well-specified way on the structure of
the system describing the economy:.

In order to clarify these postulates, consider the following example of an isolated
market for a non-storable good (so that inventory speculation is not possible). This
market is described by the following linear model:

QP = ay—mP;, a1 >0, (3.1)
Q = bo+bPf+ U, by >0, (32)
QF = QF [=Q, (3.3)

where P; is the price of the good in period t, QP is the quantity demanded, Q7 is
the quantity supplied, and P is the price level that suppliers expect in period t — 1
to hold in period t. The random variable U; represents all stochastic elements that
impinge on the supply curve. If the good in question is an agricultural commodity,
for example, then U; could summarize all the random elements introduced in the
supply decision by the weather, crop failures, animal diseases, insect plagues, etc.
Equation (3.1) shows that demand only depends on the actual price of the good.
In other words, the agents know the price of the good, and there are no stochastic
events occurring on the demand side of the market, such as random taste changes,
income fluctuations, etc. Equation (3.2) implies that there is a production lag: sup-
pliers must decide on the production capacity before knowing exactly what will be
the price at which they can sell their goods. They make this decision on the basis of
all information that is available to them. In the context of this model, the information
they possess in period t — 1 is summarized by the so-called information set, (3;_1:

O = {Pt—l/Ptfzru-} Qt-1,Qt—2,..;a0,a1, by, by; Uy ~ N(O, 02)} (34)

What does this mean? First, the agents know all prices and quantities up to and in-
cluding period t — 1 (they do not forget relevant past information). Obviously, the
information set ();_1 does not include P, Qf, and U;. Second, the agents know the
structure of the market they are operating in (recall: “...the relevant economic the-
ory” is used by agents). Hence, the model parameters ag, a1, by, and b; are known
to the agents as is the structure of the model given in (3.1)-(3.3). Third, although
the actual realization of the stochastic error term U; is not known for period t, the
probability distribution of this stochastic variable is known. For simplicity, we as-
sume that U; is distributed as a normal variable with an expected value of zero
(E (U;) = 0), no autocorrelation (E (U;U;) = 0 for t # s), and a constant variance of
02 [= E(U; — E (U;))?], where E(-) is the unconditional expectations operator. This
distributional assumption is written in short-hand notation as N(0,c?). Recall from
first-year statistics that the normal distribution looks like the symmetric bell-shaped
curve drawn in Figure 3.3. Fourth, past realizations of the error terms are, of course,
known. Agents know past observations on Q;_; and P;_;, and can use the model
(3.1)-(3.3) to find out what the corresponding realisations of the shocks must have
been (i.e. U;_;).
The REH can now be stated very succinctly as:

Pf =E (Pt | Qtfl) = Etflpt, (35)
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Figure 3.3: The normal distribution

where E;_1 is short-hand notation for E(- | ;1 ), which is the conditional expectation
operator. In words, equation (3.5) says that the subjective expectation of the price
level in period t formed by agents in period t — 1 (Pf) coincides with the conditional
objective expectation of P, given the information set ();_1.

How does the REH work in our simple model? First, equilibrium outcomes are
calculated. Hence, (3.3) is substituted into (3.1) and (3.2), which can then be solved
for Py and Q; in terms of the parameters and the expected price P;:

- ao—bo—ble—Ut
= a0 ,
Qr = by + blpf + U;. (3.7)

Py (3.6)

Equation (3.6) is crucial. It says that the actual price in period t depends on the price
expected to hold in that period, and the realization of the stochastic shock U;. More
precisely, a higher expected price level or a positive supply shock (bigger P; or Uj)
boosts the supply of goods and thus the equilibrium price level must fall in order to
clear the market. The REH postulates that individual agents can also calculate (3.6)
and can take the conditional expectation of P;:

ap — bo - blpte — U
1

Ey 1Py = Ei4

apg — b() b1

1
— —E; {Pf— —E,;_ . .
o o Bl T o t—1Up (3.8)

Consider the three terms on the right-hand side of (3.8) in turn. The first term is
obvious: the conditional expectation of a known constant is that constant itself. The
second term can similarly be simplified: Pf is a known constant, so that E;_1 P} = P;.
The third term can be simplified by making use of our knowledge concerning the
distribution of U;. Since U; is not autocorrelated, the conditional expectation of it is
equal to its unconditional expected value, i.e. E;_1U; = 0. As a result of all these
simplifications, E;_1 P; can be written as:

ay — bg

O pe 3.9)

Et 1P =
ai ai

But the REH states in (3.5) that the objective expectation, E;_1 P, and the subjective
expectation, P;, coincide. Hence, by substituting E;_1P; = Pf into (3.9) we obtain the
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solution for Py:

ap — by
a1+ by’

—by b
pe=20"20 Plpe o pe_F, P =
a1 a

(3.10)

The final expression is the rational expectations solution for the expected price level.
The actual price level P is stochastic (of course, since it depends on the stochastic
supply shock U}). By substituting (3.10) into (3.6), the expression for P; is obtained:

b 1 1
T Ly, —p- —u, (3.11)
1

t
am+b m

where P = (ag — by)/ (ay + by) is the equilibrium price that would hold if there were
no stochastic elements in the market. Equation (3.11) says that the actual price P
fluctuates randomly around P. The expectational error is equal to P; — E;_1P; =
—(1/a7)U;, and exhibits no predictable pattern. Also, the average of this error is
zero, so that agents do not make systematic mistakes. If there is an expected negative
supply shock, for example due to an agricultural disaster, the price level rises.

What would have been the case under the AEH? Can we derive an equation for
P; under the AEH that we then can compare to the REH expression in (3.11)? The
answer is “yes of course”, but only after using some technical tricks to get rid of
terms involving Pf and P;_;. Here goes. Obviously, under AEH, the expectational
errors do display a predictable pattern. Recall (from (1.14)) that the AEH says that
the expected price level can be written as a weighted average of last period’s actual
price level and last period’s expected price level:

Pf=AP 1+ (1—-A)P;, 0<A<1 (3.12)
By using (3.6), once for P; and once more for P;_; we find:

—by—b1Pf - U
p = =% allt 3 (3.13)
ﬂo*bo*b]Pf_lfutfl

ay

Py, = (3.14)

Now comes the trick: multiply (3.14) by 1 — A and deduct the result from (3.13) to
get:

Alag —b b 1

P— (1= APy = 20 =Bl Bupe q_pe 1 Ly -y ). 6as)
a @ a

But, according to (3.12), the term in square brackets on the right-hand side is equal
to AP;_1, so after gathering terms we can rewrite (3.15) as:

Aag — bo)

1
Pt = — + ;lpt_l — f[Ut - (1 - /\)ut_l], (316)
ay a1

wherey =1— A%. The trick works! Even abstracting from the random terms, Uy
and U;_1, the difference equation for the price level must be stable for this model to

be of any use under the AEH (remember the correspondence principle). In particular,
the stability condition requires y to be less than unity in absolute value. Expressed
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in terms of the expectational adjustment parameter, A, the stability condition is thus
0 <A< min[l,2a1/ (a; + by)].!

The key thing to note about equation (3.16) is that the equilibrium price, P;, dis-
plays a clearly recognizable pattern under the AEH: P; depends on its own lagged
value P;_1 and the error term displays autocorrelation. It is not difficult to show that
the expectational error under the AEH can be written as follows:

pf—P= _A Y Wil (3.17)
M i

To help understand (3.17), consider the effect of an isolated supply shock in period
t—1,ie. setU;_1_; = 0 fori > 1. Repeated use of (3.17) shows that this shock will
affect the expectational errors from period t onward, i.e. Pf — P = — (A/ay) U;_q,
P, —P = —(Ap/ar) U, P{, —P = — (Ap?/a1) Us_1, etcetera. Of course, be-
cause the model is stable, the effect of U;_; will ultimately die down, but depending
on the magnitude of u this may take a long time indeed.

The issue can be further illustrated with the aid of Figures 3.4 and 3.5, which
show the paths of the price level and the expectational errors that are made under,
respectively, the REH and the AEH. The diagrams were produced as follows. First,
the computer was instructed to draw 100 (quasi-) random numbers from a normal
distribution with mean zero and variance ¢> = 0.01. These random number are
the supply shocks of the model (that is, U; for t = 1,---,100). The parameters
of demand and supply were set at a9 = 3, a1 = 1, by = 1, and by = 1, which
implies that the deterministic equilibrium price is P = 1. Obviously, from (3.10)
we find that under the REH, P/ = P = 1. This is the dashed line in Figure 3.4.
The actual price level under the REH is given by (3.11), and is drawn as a solid
line fluctuating randomly around the dashed line. In Figure 3.5 the expected and
actual price levels have been drawn for the same stochastic U; terms as before. Not
surprisingly, there is a clear pattern in the way expectations continually lag behind
actual price movements (as (3.12) of course suggests theoretically).

3.1.2 Do we really believe the idea?

In the previous section we have postulated the REH in the form of a statement like
(3.5). Muth (1961) offers an intuitive defence for the equality of conditional and sub-
jective expectations. First, if the conditional expectation of the price level based on
the model (E;_1P;) were considerably better at forecasting P; than the subjective ex-
pectation of suppliers (Pf), there would be an opportunity for making larger than
normal profits for an alert “insider”, i.e. someone who does use the information
contained in the model. This insider could, for example, start his/her own busi-
ness, engage in inventory speculation (in the case of storable goods), or operate a
consulting firm specialized in selling forecasting services to the existing suppliers.
It has unfortunately proved very difficult indeed to come up with a formal model
of this “market for information”. One of the reasons is that (i) information is costly
to get, and (ii) is at least partially a public good. Agents that possess information
can, by their actions in the market place, unwittingly reveal the content of this in-
formation to agents who have not acquired it. As a result, there may be a strong
“free-rider” problem in the market for information. Using this type of argument,

I The function min [x, y] is the minimum-value function, i.e. min [x,y] = x if x < y and min [x,y] = y if
x> y.
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Figure 3.4: Actual and expected price under REH
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Figure 3.5: Actual and expected price under AEH
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Grossman and Stiglitz (1980) conclude that it is impossible for the market for infor-
mation to be efficient. Other authors investigate the question whether agents can
learn to converge to rational expectations—see, for example, Friedman (1979), De-
Canio (1979), and Pesaran (1987). The conclusion of this literature suggests that is
not always the case. To quote DeCanio, “the economical use of information will not
necessarily generate rational expectations” (1979, p. 55).

So there are good reasons to believe that the use of the REH cannot be justified
as an outcome of an informational cost-benefit analysis. Yet, many economists to-
day accept the REH as the standard assumption to make in macro-models involving
uncertainty. The reason for this almost universal acceptance is again the correspon-
dence principle. Since we know little about actual learning processes, and the REH
describes an equilibrium situation, it is the most practical hypothesis to use. Of
course, the equilibrium described by models involving the REH is inherently sto-
chastic. For that reason, REH solutions for models can be referred to as stochastic
steady-state solutions.

3.2 Applications of REH in macroeconomics

The idea behind rational expectations remained unused for a decade, before new
classicals like Robert Lucas, Thomas Sargent, Neil Wallace, and Robert Barro ap-
plied it to macroeconomic issues. They took most of their motivation from Fried-
man’s (1968) presidential address to the American Economic Association, and con-
sequently focused on the role of monetary policy under the REH.

Their basic idea can be illustrated with a simple loglinear model, that is based on
Sargent and Wallace (1975).

ye =g +a1(pr — Erape) +ur, a1 >0, (3.18)
Ye = Bo+ Pr(me — pt) + BoEra(piya —pr) o, By >0, B, >0, (3.19)
my = po + pyMme—1 + polYi—1 + e, (3.20)

where y; = InY}, my = InM;, and p; = In P, are, respectively, output, the money
supply, and the price level, all measured in logarithms. The random terms are given
by u; ~ N(O, 0’%1), vy ~ N(O, (7%/), and e; ~ N(O, (T%). They are assumed to be inde-
pendent from themselves in time, E(usus) = E(vivs) = E(etes) = 0 for t # s, and
from each other, E(use;) = E(upvy) = E(vier) = 0.

Equation (3.18) is the expectations based short-run aggregate supply curve, i.e. it
is the log-linear stochastic counterpart to equation (2.2) above. If agents underesti-
mate the price level (p; > E;_1p:), they supply too much labour and output expands.
Note that the coefficient a( plays the role of potential output, 9y = y* = InY*. Equa-
tion (3.19) is the AD curve. The real balance term, m; — p;, reflects the influence of
the LM curve, i.e. the Keynes effect, and the expected inflation rate, E;_1(pr11 — pt),
represents a Tobin effect.? Investment depends on the real interest rate, so that, for
a given level of the nominal interest rate, a higher rate of expected inflation implies
a lower real rate of interest, and a higher rate of investment and hence aggregate
demand. Finally, equation (3.20) is the policy rule followed by the government. This
specification nests two interesting special cases: (i) a monetarist like Friedman would

2To see that p; 41 — p; represents the inflation rate we note that p; 1 — pr = In (P41 /P:). Next we note
that for values of x close to xp = 1, we have that Inx ~ x — 1. Hence, In (P41/P) = P1/Pi—1 =
APy 1/ P, where the final expression is the inflation rate.
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advocate a constant money supply (since there is no real growth in the model) and
would set y; = p, = 0, so that m; = p, + e;; (ii) a Keynesian like Tobin would
believe in a countercyclical policy rule, i.e. y; = 0 but u, < 0. If output in the
previous period is low (relative to potential, for example), then the monetary au-
thority should stimulate the economy by raising the money supply in this period.
The interpretation of the error term in the money supply rule is not that the mone-
tary authority deliberately wishes to make the money supply stochastic, but rather
that the central bank has imperfect control over this aggregate. We could also allow
money supply to depend on other elements of the information set, i.e. p;_1, pr—2,-- -,
My_p, M3, ,Yi—2,Yi—3,- - -, but that does not affect the qualitative nature of our
conclusions regarding the effectiveness of monetary policy whatsoever.

How do we solve the model given in (3.18)-(3.20)? It turns out that the solution
method explained above can be used in this model also. First, we equate aggregate
supply (3.18) and demand (3.19) and solve for the price level:

Bo — a0 + Bymi + a1 Ey1pr + BoEr 1 (pre1 — pr) + 01 —uy

P = 3.21
p T (321)
Second, we take expectations of p;, conditional on the information set );_1:
E _ Bo— a0+ BrEi—1mi + a1 Ep 1 Ep 1p:
t—1Pt =
o1 + lBl
E, 1E/_ — E:_ —
n ByrEt1Et—1 (prv1— pt) + Er—1(vs Mt)' (3.22)
5] + ﬂl

But the conditional expectation of a conditional expectation is just the conditional
expectation itself, i.e. we only need to write E;_; once on the right-hand side of (3.22).
The shock terms v; and u; are not autocorrelated, so the conditional expectation of
these shocks is zero, i.e. E;_1vy = 0 and E;_qu; = 0. In other words, knowing the
actual realization of these shocks in the previous period (v;_1 and u;_1), as the agents
do, does not convey any information about the likely outcome of these shocks in
period t. After substituting all these results into (3.22), one obtains a much simplified
expression for E;_p;:

Bo — a0 + By Er—1mi + a1Ep 1pr + BoEr 1 (Pry1 — pi)
01 +ﬁ1

Etflpt = . (323)

By deducting (3.23) from (3.21), a very simple expression for the price surprise is
obtained:

P
0(1+‘31

pr— Eiapr = (mp — Ey_ymy) + (vr —uy) . (3.24)

®1 + 181
Only unanticipated shocks to AD and AS, and unanticipated changes in the money
supply can cause agents to be surprised. Indeed, (3.20) implies that m; — E;_1m; = ey,
so that (3.24) and (3.18) imply the following expression for output:

a1Byer + a0 + Byuy

ot B , (3.25)

yr=y +

where we have used the fact that g = y*. The similarity between expressions (3.11)
and (3.25) should be obvious. Equation (3.25) represents the stochastic steady-state
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solution for output. Given the model and the REH, output fluctuates according to
(3.25).

Equation (3.25) has an implication that proved very disturbing to many econo-
mists in the early 1970s. It says that monetary policy is completely ineffective at in-
fluencing output (and hence employment): regardless of the policy rule adopted by
the government (passive monetarist or activist Keynesian), output evolves according
to (3.25) which contains no parameters of the policy rule! This is, in a nutshell, the basic
message of the policy-ineffectiveness proposition (PIP). In the words of Sargent and
Wallace:

In this system, there is no sense in which the authority has the option
to conduct countercyclical policy. To exploit the Phillips curve, it must
somehow trick the public. By virtue of the assumption that expectations
are rational, there is no feedback rule that the authority can employ and
expect to be able systematically to fool the public. This means that the
authority cannot exploit the Phillips curve even for one period. (1976, p.
177)

Of course, the PIP caused an enormous stir in the ranks of the professional econo-
mists. Indeed, it seemed to have supplied proof that macroeconomists are useless. If
macroeconomic demand management is ineffective, then why should society fund
economists engaging themselves in writing lengthy scholarly treatises on the subject
of stabilization policy?

On top of this came the second strike of the new classicals against the then pre-
dominantly Keynesian army of policy-oriented macroeconomists. Lucas argued that
the then popular large macroeconometric models (with a strong Keynesian flavour)
are useless for the exact task for which they are being used, namely the evaluation of
the effects of different types of economic policy. This so-called Lucas critique can be
illustrated with the aid of our model. Suppose that the economy has operated under
the policy rule (3.20) for some time, that agents know and understand it, and that the
economy is in a stochastic steady state, so that output follows the stochastic process
given by (3.25).

By solving (3.20) for e; and substituting the result into (3.25), it is clear that output
can be written as follows:

Yi = ¢o + Pryi—1 + Pomi + pgmy_1 + Gy, (3.26)
where

. Moy _ Mpmpy _ mp

- - 7 - ’ = 327
¢O aq +181 471 aq +ﬁ1 ¢2 aq +ﬁ1 ( )

_ Hy01 By _ w0+ Byt

= = ’ =7 - 3.28
o5 e ey (3:29)

An econometrician trying to obtain estimates for the ¢-parameters would run a re-
gression of the form (3.26) and would find a well-fitting model. Under rational ex-
pectations and with a given monetary policy rule there will be a stable relationship
between, on the one hand, current output and, on the other hand, lagged output and
the current and lagged money supply. But can the policy maker use knowledge of
this relationship to stimulate the economy? An innocent but popular interpretation
might suggest that a monetary expansion would yield an expansion of output and
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employment (because the estimate for ¢, is undoubtedly positive). Indeed, many
economists use simulations of econometrically estimated models to give policy rec-
ommendations. Lucas pointed out, however, that the model would be useless for
policy simulations because its coefficients are not invariant to the policy rule under
the REH, i.e. ¢-parameters are mixtures of structural parameters (like the a- and
B-coefficients) and policy-rule parameters (the p-coefficients). Indeed, suppose that
the government would switch from a passive to a strong countercyclical viewpoint,
reflected in a change from i, = 0 to a large negative value for the parameter y,. Pre-
dictions with the model based on the existing estimates of the ¢-parameters would
seriously misrepresent the real effects of this policy switch, due to the fact that the
actual ¢-parameters would change. For example, an increase in |y,| would increase
the actual value of |¢, |.

Of course, Lucas is right in principle. Provided one compares only stochastic
steady states, the effects mentioned by him will indeed obtain. But in practice the
Lucas critique may be less relevant, especially in the short run. As we have argued
above, very little is known about the learning processes that may prompt agents to
converge to a rational expectations equilibrium. To the extent that it may take agents
some time to adapt to the new policy rule, it may well be that both (3.26) and (3.20)
give the wrong answers. This may explain why full-scale models embodying the
REH are still relatively scarce.

3.3 Should we take the PIP seriously?

Shortly after the publication of Sargent and Wallace’s (1976) seemingly devastating
blow to advocates of (Keynesian) countercyclical policy, it was argued that PIP is
not the inevitable outcome of the REH (that, of course, made a lot of Keynesians
happy again, and may have promoted the broad acceptance of the REH). The crucial
counter-example to PIP was provided by Stanley Fischer (1977), a new Keynesian
economist. With the benefit of hindsight, his argument is predictable, especially in
view of Modigliani’s (1944) influential interpretation of Keynes’ contribution. What
happens with PIP if money wages are rigid, for example due to nominal wage con-
tracts?

3.3.1 One-period nominal wage contracts

Fischer’s (1977) model is very simple. The AD curve is monetarist in nature:
Yy = my — pr+ vy, (3.29)

which can be seen as a special case of (3.19) with B, = B, = 0 and B; = 1. The
supply side of the economy consists of workers signing one-period or two-period
nominal wage contracts, after which the demand for labour curve determines the
actual amount of employment. We first consider the case of one-period wage con-
tracts. We assume that workers aim (and settle) for a nominal wage contract for
which they expect full employment in the next period, when the wage contract is in
operation. This is illustrated in Figure 3.6. Workers know the supply and demand
schedules for labour, and estimate the market clearing real wage, y. Since the con-
tract is specified before the price in period t is known, the workers use the expected
price level to determine the market clearing real wage. If their price expectation is pj,
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Figure 3.6: Wage setting with single-period contracts

then expected full employment occurs at point Ey. If the actual price level in period
tis higher (p? > p¢) then employment occurs at point A. Employment is higher than
full employment, 11}, because the actual real wage rate, w; — p?, is lower than the full
employment real wage rate, . In the opposite case, with p} < p¢, the real wage rate
is too high and the economy settles at point B.

Let wy(t — 1) denote the (logarithm of the) nominal wage that is specified at the
end of period t — 1, to hold in period t. Since the real wage that clears the labour
market is equal to 7, it follows that w; (t — 1) is set as:

wt(t — 1) =7+ Et—lpt/ (3.30)

where we can simplify notation further by normalizing v = 0. The supply of output
depends on the actual real wage:

ye = [pr —wi(t = 1)] +uy, (3.31)
so that (3.30) and (3.31) imply a Lucas-type supply curve:
ye = [pr — Eape] + us. (3.32)

Note that (3.32) is a special case of (3.18) with oy = 0 and &y = 1.
We assume that the policy rule adopted by the policy maker has the following
form:

mp =) pgth—i + ) PVt (3.33)
i=1 i=1

Hence, the policy maker is assumed to react to past shocks in aggregate demand and
supply (below we shall see that it is in fact sufficient to react only to shocks lagged
once and to those lagged twice, so that yi;; = p,; = 0fori = 3,4, - ,c0).
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Not surprisingly, in view of the similarities with our earlier model, Fischer’s one-
period contract model implies that the PIP is valid. The REH solution is constructed
as follows. First, solving (3.29) and (3.32) for p; yields:

pt = 5 [m+vr —up + Erqpi]. (3.34)

This is the price level at which the AD curve intersects with the Lucas supply curve.
By taking conditional expectations on both sides of (3.34) we obtain:

Ei_1pt = % [Et—amy + E—10s — Ep_qus + Er_1p4] - (3.35)
Subtracting (3.35) from (3.34) yields the expression for the expectational error:

pt — Eiipr = 3| (my — Er—amy) + (vp — E—qvp) — (up — Ep—quy) |. (3.36)
Now assume that the shock terms display autocorrelation, i.e.:

up = pyte1+e oyl <1 vr=pyoia+i, oyl <1, (3.37)

where & ~ N(0,0%) and 1, ~ N(0, (7,2]) are uncorrelated white noise terms (often
referred to as innovations).

What does the surprise term (3.36) look like? First, (3.33) implies that agents
know the money supply in period t once they have lagged information (there is no
stochastic element in the policy rule). Hence, m; — E;_1m; = 0. Second, the fact that
the AD and AS shocks are autocorrelated implies that agents can use information on
the shocks in the previous period (i.e. v;_1 and u;_1) to forecast the shocks in period
t:

Ei_qur = pyus—1, Epr 10t = pyop_q. (3.38)

By using these forecasts in equation (3.36), and substituting the price surprise into
(3.32), the REH solution for output is obtained:

Ye =3 [, — &) + us. (3.39)

The coefficients of the policy rule (i.e. y;; and p,;) do not influence the path of output,
so that PIP holds. In other words, anticipated monetary policy is unable to cause
deviations of output from its natural level.

3.3.2 Overlapping wage contracts

Now consider the case where nominal contracts are decided on for two periods. We
continue to assume that nominal wages are set such that the expected real wage is
consistent with full employment. Hence, in period t there are two nominal wage
contracts in existence. Half of the workforce is on the wage contract agreed upon in
period t — 1 (to run in periods t and ¢ + 1), and the other half has a contract formu-
lated in period t — 2 (to run in periods t — 1 and t). In symbols:

wi(t —1) = E;_1pr, wi(t —2) = Ep_opy. (3.40)

Notice the difference in the information set used for the two contracts. The economy
is perfectly competitive, so that there is only one output price, and aggregate supply
is equal to:

ye =% [pr —wi(t = 1) +us] + 3 [pr — wi(t —2) + ], (3.41)
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where the first term in brackets on the right-hand side is the output of firms with
workers on one-year old contracts, and the second term is the output of firms with
workers on two-year old (expiring) contracts. By substituting (3.40) into (3.41), we
obtain the aggregate supply curve for the two-period contract case:

Y =5 [pe — Ecoaps) + 5 [pr — Er—opi] + . (3.42)

Hence, this supply curve has two surprise terms, differing in the information set.
The rest of the model consists of the aggregate demand curve (3.29) and the money
supply rule (3.33).

The model can be solved by repeated substitution. Because the derivations are
non-trivial we show the details. First, (3.29) and (3.42) can be solved for p;:

pr =3 [mi+or —ur + 3 (Ee—1pe + Erapi)] - (3.43)

By taking expectations conditional upon period t — 2 information of both sides of
(3.43), we obtain:

Ei_opr = % |[Et—omy + Ey_ovs — Ey_ouy + 3 (Ey—oEpapt + EroEropy)] . (3.44)

We already know that E;_»E; >p; = E;_ppy, but what does E;_E;_1p; mean? In
words, it represents what agents expect (using period t — 2 information) to expect
in period t — 1 about the price level in period t. But a moment’s contemplation
reveals that this cannot be different from what the agents expect about p; using t — 2
information, i.e. E;_2E¢_1p; = E;—pp;. This is an application of the so-called Law of
Iterated Expectations. In words this law says that you do not know ahead of time
how you are going to change your mind. Only genuinely new information makes
you change your expectation. Hence, (3.44) can be solved for E;_,p;:

Ei opt = Et_omi + Ey 201 — Ep puy. (3.45)

Similarly, by taking expectations conditional upon period ¢ — 1 information of both
sides of (3.43), we obtain:

Ei_1pt = § [Eq—amy + E_qvp — Ey_qup + 3 (Ei—1Ep—ape + Er—1Er—op)] . (3.46)

Obviously, E;_1E;_1pt = Ei_1ps, but what does E;_1E;_>p; mean? In words, it
represents what agents expect (using period t — 1 information) to expect in period
t — 2 about the price level in period ¢. But E;_»p; is known in period t — 1, so that
Ei_1Ei_opt = E¢_pp; (the expectation of a constant is the constant itself). By substi-
tuting (3.45) into (3.46), the solution for E;_;p; is obtained:

Ei_1pt = 3Ei—1my + JEr_omy + 3 [Ey_q10¢ — Ey_quy] + 3 [Ep_pv — Ep_ouy] . (3.47)

If we now substitute (3.45) and (3.47) into (3.43), the REH solution for the price level
is obtained:

pr = FE_amy + FE_omy + 3 (vp — up) + $Epq(vr — us) + E—o(vp — up). (348)
This can be substituted into the AD equation (3.29) to obtain the expression for y;:
yi = % (my — Er—omy) — 3 (vs — uy) — $Ey—1 (v — up) — SEp—p(vr — up) + 01, (3.49)

where we have used the fact that E;_1m; = m;.
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The monetary surprise (m; — E;_pm;) must now be calculated. Using (3.33), we
find that:

Mme = pyqUt—1+ Py 0p-1 + iﬂu”t—i + i#zivt—h (3.50)
1= 1=
and:
Eiomy = pyEroui g+ py Bt 201 + i,uliEtZUti + iHZiEtzvti
i= i=
= pyuMpht—2 + PyHyn -2+ i["l]iut—i + iﬂz,‘vt—ir (3.51)
i= i=
where we have used (3.38), and note that E; ,u;_; = u;_;and E; »v;_; = v;_; fori =

2,3,---. Equations (3.37) implies that E; ou; 1 = pjus—o and E; >0 1 = py, 0.
Using (3.50) and (3.51) we thus find:

my—Epomy =y (i1 — Puuth] + Moy (01 — PVUFZ]
= H11€&—1+ MM q- (3.52)

Equation (3.52) can be understood at an intuitive level. Agents can perfectly forecast
the money supply one period ahead (i.e. E;_jm; = my) but not two periods ahead.
That is because in period t — 1 an innovation in the demand and supply shock occurs
(equal to &_; and #,_;, respectively) that the monetary policy maker will react to
(provided py; # 0 and py; # 0). In other words, the innovation that occurs in period
t — 1 is not forecastable by agents who have signed their contract in period t — 2.

If we substitute (3.52) into (3.49), the final expression for output is obtained:?

Vi =5 M1+ oty 1] + 3 (0 +us) — Er1 (08 — us) — $Er2(0r — uy)
=5 (e + Horttp 1] + 3(oyve1 + 17, + pytte1 + )
= §loyvi1 — pyi-1) = §(pY -2 — plyte—2)
&

Y0+ e + 3 gy +200) €1 + 5 oy + oyl 1y + 052 (3.53)

This is the crucial counter-example to the PIP. Equation (3.53) contains the policy
parameters i, and p,;, so that output can be affected by monetary policy even un-
der rational expectations. As Fischer puts it, the intuitive reason for his result is that
“...between the time the two-year contract is drawn up and the last year of operation
of that contract, there is time for the monetary authority to react to new informa-
tion about recent economic disturbances” (1977, p. 269). Because of the two-period
contracts, half of the workers have implicitly based their contract wage on “stale”
information.

But Fischer’s blow to the new classicals was made even more devastating by the
following. Clearly, output can be affected by monetary policy. But should it be af-
fected, and if so, how? Equation (3.53) implies that output fluctuates stochastically,
so some measure of the degree of fluctuations over time is required. The appropriate

5In going from the first to the second line we use (3.37)-(3.38), and note that E; »v; = p%/vt,z and
Ei ou; = p%[ut,z. In going from the second to the third line, we have used the fact that v;_1 = py,v; > +
,_1 and u;_1 = pUs—» + &_1. The reason why we make these substitutions is that we want to express
the output solution as much as possible in terms of current and lagged innovation terms (¢;_; and 7,_;) for
which we know the statistical properties.
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T contract length

Figure 3.7: The optimal contract length

measure is the asymptotic variance of y;, designated by o3 (see Intermezzo 3.1). Intu-
itively, the asymptotic variance measures the severity of the fluctuations in output.
Using standard (but somewhat tedious) techniques, the asymptotic variance of the
output path described by (3.53) can be written as:

o

oy =0; 3+ 7up2+ 5 (M1 +2F’u)2

- +05 [+ 5 (e +00)°)] - (3.54)
u

So, to the extent that fluctuations in output are a good proxy for loss of economic
welfare, the policy maker could attempt to minimize the asymptotic variance of out-
put by choosing its reaction coefficients y;; and p,, appropriately. It turns out that
the optimal values for these parameters are equal to:

M1 = =200, Mo = —Py- (3.55)

Intuitively, the policy parameters should be set at values that neutralize the effects of
the shocks that occur in period t — 1. In view of (3.53), the coefficients given in (3.55)
do exactly that. Of course, not all output fluctuations can be eliminated by the policy
maker. This is because both the first and the fourth term on the right-hand side of
(3.53) cannot be affected by the policy maker. For the first term this is because the
policy maker has no better information about the innovations in the present period
than the public possesses. For the fourth term it is because u;_» was known when the
oldest contracts were signed in period t — 2, and is thus incorporated in the oldest
contract.

Chadha (1989) has extended Fischer’s (1977) analysis to the multi-period overlap-
ping contract setting using the insights of Calvo (1982) that are discussed in detail
below in Chapter 12. In his model, he is able to analyse contracts of any particular
duration (not just one-period and two-period contracts as in Fischer’s model). He
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is furthermore able to express the asymptotic variance in output as a function of the
contract length. This diagram is given in Figure 3.7. The conclusion is very surpris-
ing indeed: there is an optimal contract length of T* > 0, which Chadha estimates
to be around 3.73 quarters for the US economy (1989, p. 492). Hence, intuitively,
contracts act as “shock absorbers” of the economy.

There are a number of other reasons why PIP fails—see Buiter (1980) for an inter-
esting discussion. For example, private agents may not have rational expectations,
or there may be nominal price stickiness. Furthermore, even though anticipated
monetary policy may not be able to cause deviations of output from its natural level,
anticipated monetary policy may affect the natural rate itself. A theoretic (albeit em-
pirically not so relevant) example is the Mundell-Tobin effect: a higher monetary
growth rate depresses the real interest rate, and this boosts capital accumulation and
the natural level of output.

Intermezzo 3.1

Asymptotic variance Rational expectations models often use the as-
ymptotic variance of output as a welfare measure. Intuitively, the
asymptotic variance measures the degree of fluctuations over time in
output. An economy with violent (mild) fluctuations has a high (low)
asymptotic variance. Suppose that the path for output is described
by the following equation:

Vi=Aya+xi+e, |[AI<]T, (a)

where y; is output, x; is some (vector of) deterministic exogenous
variable(s), and ¢ is a white noise stochastic error term with mean
zero and variance ¢?. How would a Martian judge the degree of
fluctuations in output, not knowing any realizations of output and
the error term, but in full knowledge of equation (a) and the stochas-
tic process of the error terms. The answer is that he would calculate

the asymptotic variance:

0% = Et—oo [yt — Et—ooyt]”, (b)

where the notation E;_ formalizes the idea of no information about
the actual realizations mentioned above. It is as if the Martian makes
his calculations at the beginning of time.

The asymptotic variance of output implied by the process in (a) is
calculated as follows. First, we write E;—oolt = AEj—oolt—1 + Xt and
work out the square:

[yt — Er—ooyt]”
= [A(Ys—1 — Et—colt—1) + &
= A? V-1 — Et—ooyt—l]2 + 2 +2A¢e [Vi-1 — Et—olt-1], (c)

where we have used the fact that E;_oox; = x; and E;_ & = 0. Tak-
ing expectations of both sides of (c) yields:

= [)\}/t—l +xt+ €& — AEi_olp—1 — xt]Z
]2

Et—co [yt — Et—oott]* = A%Et—co [yt—1 — Et—oco¥s—1]
+Et—cof? + 2AE¢—cott [Y—1 — Et—colt_1] - (d)
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The second term on the right-hand side is the variance of the error
term ((T% = Et_oo.s%), and the third term is zero because the error term
is independent of lagged output. The term on the left-hand side is the
asymptotic variance of y;, and the first term on the right-hand side
is A% times the asymptotic variance of y;, 1. Because the process in
(a) is stationary (J]A| < 1), these two asymptotic variances are identi-
cal. Using all this information, the final expression for the asymptotic
variance becomes:

2

o8

0y =Ny +or = oy =— . (e)
1-A

Intuitively, the asymptotic variance of output is a multiple of the vari-

ance of the error term due to the persistence effect via lagged output.

If A is close to unity, there is a lot of persistence and the variance

multiplier is very large.

Lz

3.4 Punchlines

To most economists, one of the unsatisfactory aspects of the adaptive expectations
hypothesis (AEH) is that it implies that agents make systematic mistakes along the
entire adjustment path from the initial to the ultimate equilibrium. In the early 1960s,
John Muth argued that such an outcome is difficult to reconcile with the predomi-
nant notion adopted throughout economics, namely that agents use scarce resources
(like information) wisely. He formulated the rational expectations hypothesis (REH)
which, in essence, requires the subjective expectation of households regarding a par-
ticular variable to be equal to the objective expectation for that variable conditional
upon the information set available to the agent.

Muth’s idea was introduced into the macroeconomic literature in the early 1970s
by a number of prominent new classical economists. They argued that under the
REH, monetary policy is ineffective (at influencing aggregate output and employ-
ment) because agents cannot be systematically fooled into supplying too much or
too little labour. This is the so-called policy ineffectiveness proposition (PIP) which
caused a big stir in the ranks of professional macroeconomists in the mid 1970s.
Another implication of the REH is that, according to the Lucas critique, the then pre-
dominant macroeconometric models are useless for the task of evaluating the effects
of different macroeconomic policies.

As was quickly pointed out by proponents of the new Keynesian school, the REH
does not necessarily imply the validity of the PIP. Stanley Fischer demonstrated that
if nominal wage contracts are set for more than one period in advance (and are not
indexed) then even under rational expectations monetary policy can (and indeed
should) be used to stabilize the economy. Hence, the validity of PIP hinges not so
much of the REH but rather on the type of model that is used. If REH is introduced
in a classical model then the implications are classical whereas a Keynesian model
with REH yields Keynesian implications.



82 FOUNDATIONS OF MODERN MACROECONOMICS, SECOND EDITION

It is almost universally agreed that the PIP cannot be taken seriously, except per-
haps as an extreme position taken to promote a discussion. Furthermore, due to the
fact that Fischer and others demonstrated that the REH does not necessarily imply
PIP, acceptance of the REH as a modelling device is also almost universal. The Lucas
critique is valid, but its empirical short-run relevance is seriously doubted by both
theoretical econometricians (Favero and Hendry, 1992) and applied policy modelers.
A reason for this lukewarm reception may be the absence of a credible theory of how
agents learn new policy rules.

Further reading

The classic articles setting out the rational expectations approach in a macroeco-
nomic context are Lucas (1972, 1973), Sargent (1973), Sargent and Wallace (1975,
1976), and Barro (1976). Papers stressing the stickiness of wages or prices include
Fischer (1977), Phelps and Taylor (1977), Barro (1977), Gray (1976, 1978), and Tay-
lor (1979, 1980). For good surveys of the rational expectations literature, see Shiller
(1978), McCallum (1980), Maddock and Carter (1982), and Attfield, Demery, and
Duck (1985). General solution methods for linear rational expectations models are
discussed by, among others, Blanchard and Kahn (1980), and McCallum (1998). Sev-
eral key articles on the rational expectations approach are collected in Lucas and
Sargent (1981), Miller (1994), and Hoover (1992). The interested reader should also
consult the collections of essays by Lucas (1981) and Sargent (1993). See Frydman
and Phelps (1983) for a collection of essays on learning under rational expectations.
On non-uniqueness in linear rational expectations models, see Blanchard and Kahn
(1980, p. 1308), and McCallum (1983a,1999).

As was acknowledged by Lucas himself, an early statement of the Lucas critique
is found in Marschak (1953). For an early application of the rational expectations
hypothesis to finance, see Samuelson (1965). McCallum (1983b) presents a model of
the liquidity trap and finds the rational expectations solution. The pre-REH literature
on optimal stabilization policy is well surveyed by Turnovsky (1977, chs. 13-14). See
also the classic analysis by Poole (1970) on the optimal choice of policy instruments
within the stochastic IS-LM model. For an early analysis of economic policy under
rational expectations, see Fischer (1980b).



Chapter 4

Anticipation effects and
economic policy

The purpose of this chapter is to discuss the following issues:

1. To complete our discussion of the dynamic theory of investment by firms that
was commenced in Chapter 2,

2. Use the investment theory to determine how the government can use tax incen-
tives (such as an investment subsidy) to stimulate capital accumulation. This
is an example of fiscal policy where the government changes a relative price in
order to prompt a substitution response,

3. Embed the investment theory in an IS-LM framework. How do anticipation
effects influence the outcome of traditional budgetary policies?

4.1 Dynamic investment theory

In Chapter 2 we sketched a theory of investment by firms that is based on forward-
looking behaviour and adjustment costs of investment. For reasons of intuitive clar-
ity, the model was developed in discrete time. It turns out, however, that working in
continuous time is much more convenient from a mathematical point of view. The
first task that must be performed therefore is to redevelop and generalize the model
in continuous time.

41.1 The basic model

Assume that the real profit of the representative firm is given by what is left of rev-
enue after the production factor labour and investment outlays have been paid:

mt(t) = F(N(1),K(t)) = w())N(t) — p' () [1 = s1()] D(L(1)), (4.1)

where 7t(t) is real profit in period ¢, F(-,-) is the constant returns to scale produc-
tion function, w(t) is the real wage rate (= W(t)/P(t)), p(t) is the relative price of
investment goods (= PI(t)/P(t)), s;(t) is the investment subsidy, and ®(-) is the
adjustment cost function, with ®; > 0 and ®; > 0. By assuming that the good
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produced by the firm is the same as the investment good (the so-called single good
assumption), we obtain the simplification p!(t) = 1. In some cases it is convenient
to assume that the adjustment cost function is quadratic:

D(I(t)) = I(t) + b [I(1)]*, b>0. (4.2)
The capital accumulation identity is given by:
K(t) = I(t) — 6K(t), 6> 0. (4.3)

The firm must choose a path for its output such that the present value of its profits is
maximized. Since real profits are defined in (4.1), the appropriate discount rate is the
real rate of interest on alternative financial assets. This real interest rate is denoted
by r and is assumed to be constant over time throughout this chapter. Under these
assumptions, the net present value of the stream of profits now and in the future is
given by:

V(0)

/000 m(t)e "dt
= /00o [F(N(t),K(t)) = w(t)N(t) = [1 = s ()] @(I(£))] e "dt.  (44)

To the extent that shares of this company are traded in the stock exchange, and share
prices are based on fundamentals and not on the speculative whims and fancies of
irrational money sharks, its value on the stock market should equal V(0) in real
terms, or P(0)V(0) in nominal terms.

The firm maximizes (4.4) under the restriction (4.3). With the aid of the Maximum
Principle the solution to this problem can be found quite easily.! The current-value
Hamiltonian can be written as:

He(t) = F(N(E),K() —w()N(E) = [1 =si(H)] 2(I(t))
+q(t) [1(t) — 0K(t)]. (4.5)

Formally, q(t) plays the role of the Lagrange multiplier for the capital accumulation
restriction. The economic interpretation of g(t) is straightforward. It can be shown
that ¢(0) represents the shadow price of installed capital K(0). In words, 4(0) mea-
sures by how much the value of the firm would rise (dV(0)) if the initial capital
stock were increased slightly (dK(0)), i.e. g(0) = dV(0)/dK(0) (see Intermezzo 4.1
on Tobin’s g below).

The firm can freely choose employment and the rate of investment at each instant,
so that the following first-order conditions (for t € [0, c0)) should be intuitive:

a;;l\jc(g) = Fy(N(t),K(t)) —w(t) =0, wo
a;%()t) = q(t) — [1 —s;(£)] @;(I()) = 0. (4.7)

!Note that the method sketched here is a generalization of the Lagrange multiplier method used in
Chapter 2. An explanation of the Maximum Principle based mainly on pure economic intuition can be
found in Dorfman (1969). Other excellent sources are Dixit (1990) and Intriligator (1971). See also the
Mathematical Appendix.
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The interpretation of (4.6) is the usual one: the firm must choose the amount of
labour such that the marginal product of labour equals the real wage rate. Note that
(4.7) implies a very simple investment function:

[1=s1(O)] @r(I(1)) = q(t) = I(t) = I(q(t),s1(t)), (4.8)

where I; = 1/[(1 —s7)®y] > 0and Iy = ®7/[(1 — s7)Py] > 0. In words, higher
values for g and sy both imply a higher rate of investment. Indeed, for the quadratic
adjustment cost function (4.2), the investment function has a very simple form:

@ (I(t)) =1+ 2bI(t) = 1:7(;)(” = I(t) = 217) [1_"(;)(” - 1} . (4.9)

The parallel with the expression derived in Chapter 2 (i.e. equation (2.46)) should be
noted. Note that we have not used the symbol g for nothing: The investment theory
developed here is formally known as Tobin’s g-theory, after its inventor James Tobin
(1969).

The first expression in equation (4.8) allows a very simple interpretation of the
optimality condition for investment. It instructs the firm to equate the marginal cost
of investment (equal to (1 — s;)®;) to the shadow price of capital, which is the mar-
ginal benefit of investment. In other words, by spending money today on investment
you add value to your company. This added value is measured by the shadow price.

Equations (4.6)-(4.7) are in essence static conditions of the form “marginal cost
equals marginal benefit”. The truly intertemporal part of the problem is solved by
choosing an optimal path for the shadow price of capital. The first-order condition
for this choice is:

00— 1) = |-G =| - 1R, k(o) - ). @10

This condition can be written in several ways, two of which are:

q(t) = (r+0)q(t) — Fc(N(t),K(¢)), (4.11)
and:

q(t) + Fx (N(t), K(t))
q(t)

Equation (4.12) allows for a very intuitive interpretation. The shadow return on
the possession and use of physical capital is the sum of the shadow capital gain
(4(t)) and the marginal product of capital [Fx(N(t),K(t))], expressed in terms of the
shadow price (to make it a rate of return). This shadow rate of return must equal the
market rate of return on other financial assets (that are perfect substitutes for shares)
plus the rate of physical deterioration of the capital stock. The depreciation costs
must be counted as a cost item because capital evaporates over time, regardless of
whether the firm uses the capital for production or not. Hence, in determining the
optimal path for g(f) the firm is guided by the implicit arbitrage equation (4.12).

We have developed Tobin’s marginal g-theory of investment in this section. It is
shown in Intermezzo 4.1 that, provided some more specific assumptions are made
about the adjustment cost function, Tobin’s average g-theory coincides with his mar-
ginal g-theory. Average ¢ for the firm is defined as §(0) = V(0)/K(0). In words, §

) (4.12)
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represents the value that the stock market ascribes to each unit of installed capital of
the firm (at replacement cost, see the Intermezzo).

And this is exactly where the great beauty of the theory lies. In principle one can
look up the stock market value of a firm from the financial pages in the newspapers,
and divide this by the replacement value of its capital stock (slightly more work),
and calculate the firm’s q. The value of g that is obtained in this manner reflects all
information that is (according to the stock market participants) of relevance to the
particular firm (see Hayashi (1982) for further remarks).

Intermezzo 4.1

Tobin’s g-theory of investment. In this intermezzo we demonstrate
that Tobin’s average and marginal g coincide under certain condi-
tions. The proof is adapted from Hayashi (1982). Suppose that the
profit function in equation (4.1) is adjusted by including the existing
capital stock in the adjustment cost function:

() = F(N(), K(£)) —w(t)N(t) — [1 —sp(8)] D (I(£), K(¢)), (a)

where 71(t) is real profit, w(t) is the real wage rate [= W(t)/P(t)],
and s(t) is the investment subsidy. The adjustment cost function is
homogeneous of degree one in I(t) and K(t), so that ® = ®;I + K
(see also Intermezzo 4.3). The partial derivatives of ® (-) are given by
P; >0, Pk <0, Py >0, P <0, and Pgx > 0. Hence, adjustment
costs are decreasing in the capital stock. Large firms experience less
disruption for a given level of investment than small firms.

The firm is assumed to maximize the present value of profits, us-
ing the (time-varying) real interest rate r(t) as the discount factor.
Equation (4.4) is altered to:

V(o) = /0 - [F(N (), K(1)) ~ w(t)N()
—[1—si(8)] @ (1(t), K(D) | R, (b)
where V(0) is the real stockmarket value of the firm, and R(f) is a

discounting factor that depends on the entire path of short interest
rates up to £:

R(t) = /Otr(r)dr = % =r(t). (0)

As the saying goes, variety is the spice of life, so let us solve
the optimization problem with the regular (rather than the current-
value) Hamiltonian (see the Mathematical Appendix for the differ-
ence between the two). The regular Hamiltonian is given by:

H() = [FIN(),K() —w()N() = [1 = s:(5)] @ (1(5), K() | R
FA(E) [I(£) — 5K(8)],
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where A(#) is the co-state variable. The first-order conditions for this
problem are:

hr =0 E(N(), K1) = w(0) @
Tt 0 AR = 1= sy (0] @1(1(0),K(), ©
dA(t)  OH(t).
i ~ kW
A~ oM O = —Fe (N(1), K()
+ [L—si(8)] Px (I(t), K(£)), (®

where we have already deleted the (non-zero) exponential term
e R(®) from (d). By defining q(t) = A(t)eR®, so that 4(t) =
eRWA (£) + 7 (t) g (t), we find that (e) and (f) can be rewritten as:

q(t) = [ —=si(H)] @r(I(£), K(t)), ®)

q(t) = (O +0)q(t) —Fc () +[1—s1()] Pk (). (h)
Expressions (d), (g) and (h) generalize, respectively, (4.6), (4.7), and
(4.10) to the case of a linear-homogeneous adjustment cost function
and a time-varying rate of interest.

Recall that t = 0 is the planning period. We want to estab-
lish a relationship between the real stockmarket value of the value-
maximizing firm, V(0), and the installed capital stock in the planning
period, K(0). We note from (b) that V (0) is the present value of cash
flows, 7t (t), defined in (a). Cash flow in period t can be written as:

7 () E(N(t),K(#)) = w(t)N(#) — [L —s1(£)] D (I(¢), K(t))
En ()N () + F () K (£) = w(N(E) — [1 = s7(8)] (-
= Fc()K() = [1=si(] @ (I(¢), K(¢)), @)
where we have used (i) the linear homogeneity of F (i.e. Euler’s The-
orem, which implies that F = FyN + FgK), and (ii) expression (d).
Next we note that:

% [aKB] = q(B)K(E) + K(H)q(t)
=q(t)I(t) + [r (t) q() — F (-) + [1 — s1(8)] Pk ()] K(#)
= [1L=s1 ()] Pr () I(£) +7(t) q(£)K(¢) — Fx (-) K(£)
+[1—s1(8)] Pk () K(£), ()
where we have used (4.3) and (h) to get from the first to the second
line, and (g) to get from the second to the third line. But the linear

homogeneity of ® implies that ® = ®;I + K, so that (j) can be
simplified even more:

%[Q(f)K(f)] = r(t)q(O)K(t) — Fx (-) K(t) + [1 =51 (£)] ()

= (B qt)K(E) -7 (t), (k)
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where we have used (i) to arrive at the final expression. Multiplying
both sides of (k) by e~ R(*) we obtain:

L (1K B O] = —m (1) RO, 0
By taking dt to the other side and integrating for t € [0, 00) we obtain:
~ R _
/0 4 [q(K (e R0] = / n(t)e —V(0) =
lim g()K(t)e D —g(0)K(0) = -V(0) =
V(0) = q(0)K(0), (m)

where we note that R (0) = 0 (so that e R(0) = 1) and arrive at the fi-
nal expression by imposing the transversality condition, according to
which lim; .« q(£)K(t)e R(t) = 0. Expression (m) is the one we were
after. It says that a firm with an installed capital stock of K (0) at
time f = 0 will have a stockmarket value of 4 (0) times K (0). Hence,
g (0) represents the stock market value of one unit of installed capital.
Note finally, that (m) also implies that Tobin’s marginal and average
g coincide in this case. Tobin’s marginal g measures by how much
the stockmarket value of the firm would rise if the installed capital
stock would increase slightly, i.e. it is dV (0) /dK (0). Tobin’s av-
erage g measures the stockmarket value per unit of capital, i.e. it is
V (0) /K (0). In this model the two concepts coincide. Hayashi (1982)
discusses cases where this is no longer the case.

R

4.1.2 Fiscal policy: Investment subsidy

The model can now be used to investigate the immediate, transitional, and long-
run effects of governmental efforts to stimulate investment. Omitting the (now al-
most superfluous) time index, the model consists of equations (4.3) (with (4.6) sub-
stituted), (4.11), and (4.8):

K =1I(q,s1) — 6K, (4.13)
q=(r+9)q—F(N,K), (4.14)
w = Fy(N, K). (4.15)

Despite its simplicity, the model allows several economically interesting variations
to be considered within the same framework. Clearly, in view of (4.15), some as-
sumption must be made about the real wage rate w. At least three types of labour
market assumptions can be distinguished: (i) the model is interpreted at firm level
and the real wage is assumed to be exogenously given (and constant); the model is
interpreted at the level of the aggregate economy and (ii) full employment of labour
is postulated or (iii) a macroeconomic labour supply equation is added to it (e.g.
equation (1.11) with P® = P). We consider these three cases in turn.
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g = F/(r+9)

K" K
Figure 4.1: Investment with constant real wages

4.1.2.1 Constant real wages

If the real wage rate is constant, the assumption of perfect competition in the goods
market (and the implied homogeneity of the production function) renders the model
very simple indeed. Of course, aside from the microeconomic interpretation given
above, this case is also relevant for an entire economy with rigid real wages. Since
the production function is homogeneous of degree one (constant returns to scale),
the marginal products of labour and capital are homogeneous of degree zero (see In-
termezzo 4.3 below). This implies that Fy (N, K) can be written as Fy (1, K/ N), which
depends on the capital-labour ratio only. Equation (4.15) says that w = Fy(1,K/N),
which uniquely determines the K/ N ratio for the firm, which is constant over time
because w is constant over time. This also implies that the marginal product of capi-
tal is constant, since Fx (N, K) = Fx(1,K/N) = Fy, a constant.

By assuming a constant real wage, the labour demand equation can be ignored,
and the model consists of equations (4.13)-(4.14). The qualitative content of the mo-
del can be summarized graphically by means of Figure 4.1. The K = 0 line represents
all combinations of K and g such that the capital stock is in equilibrium. In view of
(4.13), this implies that gross investment is exactly equal to replacement investment
along the K = 0 line. Formally, we obtain from (4.13):

dK = I,dq + Ids; — 6dK, I, >0, I, > 0. (4.16)

which implies that the slope of the K = 0 line is:

9q 9
(aK)K—O LY 1

In words, a higher capital stock necessitates a higher level of steady-state gross in-
vestment. This is only forthcoming if g is also higher.
Equation (4.16) also implies that an increase in the investment subsidy shifts the
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K = 0 line down and to the right:

9q ) s
— =2 <0. 4.18
(asl K=0 Iy (419

The after-subsidy cost of investing falls and as a result firms are willing to invest the
same amount for a lower value of 4.
For points off the K = 0 line, the dynamics of the capital stock is also provided
by equation (4.16):
oK
3K = 4 <0. (4.19)
The graphical interpretation is as follows. At point A the capital stock is in equilib-
rium. If K is slightly higher (say at A’ to the right of point A), (4.19) predicts that
depreciation exceeds gross investment so that the capital stock falls over time, i.e.
K < 0. This dynamic effect is indicated by a horizontal arrow towards the K = 0
line. Obviously, for points to the left of the K = 0 line, the arrows point the other
way (see point A”). The basic insight is, of course, that the capital accumulation
process is self-correcting, i.e. for a given value of g, K has an automatic tendency to
return to the K = 0 line.
The 4 = 0 line represents all points for which the firm’s investment plans are in
equilibrium. By differentiating (4.14) we obtain:

dg = (r+0)dq + qdr, (4.20)

where we have used the fact that the marginal product of capital is constant. From
(4.20) it is clear that the 4 = 0 line is horizontal:

aq) =0 4.21
(5%),,=® @21)

This is intuitive: since both the rate of interest and the marginal product of capital are
constant (and hence independent of K), g itself is also constant and independent of K
in the steady state. If the (exogenous) rate of interest rises, future marginal products
of capital are discounted more heavily, so that the steady-state value of g falls:

dq 9
<8r)q_0 =5 < 0. (4.22)

For points off the § = 0 line, the dynamic behaviour of g is also provided by (4.20):

gz =r+46>0. (4.23)
The graphical interpretation is as follows. At point B the value of g is consistent with
an equilibrium investment plan. Now take a slightly higher value of g, say the one
associated with point B, directly above point B. Clearly, in view of the fact that both
r and Fy are constant, this higher value of g can only satisfy the arbitrage equation
(4.12) if a (shadow) capital gain is expected, i.e. if § > 0. The opposite holds at
points below the § = 0 line (say point B”, as is indicated with the arrows in Figure
4.1). Intuitively, therefore, the g-dynamics is inherently unstable. Slight moves away
from the 4 = 0 line are not self-correcting but reinforcing.
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Figure 4.2: Derivation of the saddle path

By combining the information regarding the K-dynamics and g-dynamics, the
forces operating on points in different regions of Figure 4.1 are obtained and sum-
marized by the arrows. For example, at point B’ there are automatic forces shifting
the (g, K) combination in a north-easterly direction. In Figure 4.2, a number of repre-
sentative trajectories have been drawn. Note especially what happens if a trajectory
crosses through the K = 0 line. Take point A, for example. As it moves in a south-
easterly direction, it gets closer and closer to the K = 0 line. As it reaches this line
(at point A’), however, the value of g keeps falling and the level of gross investment
becomes too low to sustain the given capital stock. As a result, the trajectory veers
off in a south-westerly direction towards point A” (never to be heard of again).

From the different trajectories that have been drawn in Figure 4.2, it can be judged
that the model appears to be very unstable: all trajectories seem to lead away from
the steady-state equilibrium point at Ey. There is, however, one path that does give
rise to stable adjustment, namely the 4 = 0 line itself. Consider, for example, point
C. It lies on the § = 0 line (so there are no forces operating to change the value of
g over time), but it lies to the left of the K = 0 line. But, the K-dynamics is stable,
so the capital stock will automatically rise towards its level at point Ey. A similar
conclusion holds for point C'.

In conclusion, for each given initial level of the capital stock, there is exactly one
path towards the steady-state equilibrium. And this is very fortunate indeed, because
one would have an embarrassment of riches if this were not the case. Indeed, sup-
pose that the model were globally stable, so that “all roads lead to Rome”, i.e. all
(g, K) combinations would eventually return to point Ey. That would lead to a very
troublesome conclusion, namely that the shadow price of capital (g) is not deter-
mined at any point in time!

The particular type of stability that is exemplified by the model is called saddle-
point stability: there is exactly one stable adjustment path (called the saddle path)
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that re-establishes equilibrium after a shock. Technically speaking, the requirement
that the economy be on the saddle path has more justification than just convenience:
ultimately, an exploding solution is seen by agents not to be in their own best inter-
ests, so that they have good reason to restrict attention to the saddle-path solution.
The remainder of this chapter will be used to demonstrate the remarkable predictive
content of models incorporating saddle-point stability.

Consider the case of an unanticipated and permanent increase in the investment sub-
sidy. This means that at some time t, the government announces that s; will be
increased “as of today”. In other words, the policy change is implemented imme-
diately. For future reference, the implementation date is denoted by t;. Hence, an
unanticipated shock is a shock for which announcement and implementation dates
coincide, i.e. t4 = t;. The effects of the policy measure can be derived graphically
with the aid of the phase diagram in the top panel of Figure 4.3. We have already
derived that an increase in s; shifts the K = 0 line to the right, so that the ultimate
equilibrium will be at point E;. How does the adjustment occur? Very simple. Since
Eg is on the 4 = 0 line (which is also the saddle path for this model), the higher sub-
sidy gives rise to higher gross investment (because I > 0) and the adjustment path is
along the saddle path from Ej to E;. Note that the capital stock adjusts smoothly, due
to the fact that adjustment costs make very uneven investment plans very expensive.
The adjustment over time has also been illustrated in Figure 4.3.

As a second “finger exercise” with the model, consider an unanticipated perma-
nent increase in the exogenous rate of interest r as illustrated in Figure 4.4. Equation
(4.22) shows that this shock leads to a downward shift in the § = 0 line because
future marginal products of capital are discounted more heavily. What does the ad-
justment path look like now? Clearly, the new equilibrium is at point E; and the only
path to this point is the saddle path going through it. Since K is fixed in the short
run, the only stable adjustment path is the one with a “financial correction” at the
time of the occurrence of the shock (at time ¢ 4): g jumps down from point Ej to point
A directly below it. The intuition behind this financial correction is aided by solving
the unstable differential equation for g, stated in equation (4.14) above, forward in
time. Intermezzo 4.2 derives the general solution:

q(t) = /too Fx(t)exp [— /tT [r(s) + 0] ds] dat. (4.24)

Hence, as was already hinted at above, g represents the discounted value of present
and future marginal products of capital, so that an increase in r (either now or in
the future) immediately leads to a revaluation of this stream of returns. After the
immediate financial correction, the adjustment proceeds smoothly along the saddle
path towards the ultimate steady-state equilibrium point E;.

Intermezzo 4.2

Tobin’s q. Recognizing the possible time dependence of the interest
rate and the marginal product of capital, we write the differential
equation for Tobin’s g as:

q(7) = [r (1) +6lq (7) = —Fx (7). (@)
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ta =1t time

Figure 4.3: An unanticipated permanent increase in the investment subsidy
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Clearly, equation (a) is an unstable differential equation because
r(T) + ¢ is assumed to be positive. However, we can still compute
the forward-looking solution to this expression. Technically, the trick
that we use is very similar to the one used in Intermezzo 2.1, i.e. we
find a suitable integrating factor and solve the differential equation
by integration. Experience suggests that the correct integrating factor

is e R(L7), where R (t,7) is defined as:

R(t, 1) E/tT [r (s) + 6] ds. (b)

From this expression we can derive readily that R (+,#) = 0 and
dR (t,t) /dt = r(7) + 4. Following steps similar to those in Inter-
mezzo 2.1. we derive:

4 = (D) +ag(@]eFD = —E(n)e D«
a R _ ~R(t7)
e (T)e _ = —Fx(7)e _ &
dg(t)e R = _F (1) e REDdr. (o)
Integrating (c) for T € [t, 00) we obtain:
* Rty _ 7 —R(t7)
/tdq("r)e /t Fx(T)e dt
g (@) eRD|" = — [T FR(r)e R
t t
Tlimq(r)e*R(t'T) —q(t)e REH = —/oo Fx (1) e Rt dr (d)
—00 t

But the transversality condition implies that Tlim g(t)e RED = 0,

i.e. we restrict attention to the fundamental replacement value of
installed capital. Furthermore, we have that R (t,t) = 0. By substi-
tuting these results in (d) we obtain equation (4.24).

% %A%

As a final example of how the model works, consider the case where the firm
hears at time t4 that interest rates will rise permanently at some future date t;. This
is an example of a so-called anticipated shock. Formally, an anticipated shock is one
that is known to occur at some later date. Obviously, the only real news reaches the
agent at time ¢ 4. Everything that happens after that time is known to the agent. What
happens to the value of g can already be gleaned from (4.24). Discounting of future
marginal products becomes heavier (than before the shock) after the rate of interest
has actually risen, i.e. for t > t;. Hence, g4 must fall at the time the news becomes
available. But by how much? This is best illustrated with the aid of Figure 4.5. Con-
sider the following intuitive /heuristic solution principle: a discrete adjustment in g
must occur at the time the news becomes available (i.e. at t 4), and there cannot be a
further discrete adjustment in g after ¢ 4. Intuitively, an anticipated jump in ¢ would
imply an infinite (shadow) capital gain or loss (since there would be a finite change
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Figure 4.4: An unanticipated permanent increase in the rate of interest
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in ¢ in an infinitesimal amount of time). Hence, the solution principle amounts to
requiring that all jumps occur when something truly unexpected occurs (which is at
time t 4). Obviously, at t 4 there is an infinite capital loss, but it is unanticipated.

With the aid of this solution principle, the adjustment path can be deduced. We
start our detective task at time ¢; and work backward in time toward ¢ 4. At the time
of the interest rate increase the (g, K) combination must be on the new saddle path,
i.e. at point B on the line labeled (§=0),. If it were to reach B too soon (say at time
t < ty) or too late (t > t1), equilibrium would never be re-established without further
jumps in g that are prohibited. Between t4 and ¢; the dynamic forces determining
g and K are those associated with the old equilibrium E; (see the arrows). Working
backwards, there is exactly one trajectory which starts at time {4 at point A and
arrives at point B at the right time, ¢;. Hence, the unique path that re-establishes
equilibrium after the shock is the one comprised of a discrete adjustment at t 4 from
Ep to A, followed by gradual adjustment from A to B in the period before the interest
rate has risen, arrival at point B at ¢}, followed by further gradual adjustment in the
capital stock from B to E;.

In comparison with the case of an unanticipated rise in the interest rate, the paths
of g4 and investment are more smooth in the anticipated case (compare Figures 4.4
and 4.5, lower panel). The reason is, of course, that the firm in the case of an antic-
ipated shock has an opportunity to react to the worsened investment climate in the
future.

4.1.2.2 Full employment in the labour market

Up to now we have interpreted the model given in (4.13)-(4.14) as applying to a sin-
gle firm facing a constant real wage. Suppose that we re-interpret the model at a
macroeconomic level, i.e. I and K now represent economy-wide gross investment
and the capital stock, respectively, and the interpretation of g is likewise altered.
Assume furthermore that the economy is characterized by full employment in the
labour market, so that w = Fy (1, K) is the market clearing wage rate. By normaliz-
ing employment to unity (N = 1), the model consists of:

K=1(q,51) — 0K, (4.25)
4= (r+0)q— Fk(1,K), (4.26)

where it is clear that the major change caused by our re-interpretation is that the
marginal product of capital is no longer constant as it depends on the capital stock.
Intuitively, since the labour input is fully employed, the economy experiences di-
minishing returns to capital, since Fxx < 0. This also causes the § = 0 line to be
affected:

(a’7> = B g (4.27)
G=0

oK) . 4 r+6

Intuitively, steady-state g is downward sloping in K because the more capital is used,
the lower is its marginal product. As a result, the discounted stream of marginal
products (which is g) falls.

In Figure 4.6, the saddle path is derived graphically. The dynamic forces are
much more complicated in this case. This is because the steady-state level of g4 and
the g-dynamics itself are now both dependent on K. In addition to trajectories from
points like A and C, there are now also trajectories from points like B and D that pass
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Figure 4.5: An anticipated permanent increase in the rate of interest
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Figure 4.6: Investment with full employment in the labour market

through the § = 0 line. The major alteration compared to our earlier case is that the
saddle path no longer coincides with the 4 = 0 line.

As a first policy measure, consider an anticipated abolition of the investment sub-
sidy, as was for example the case in the Netherlands in the late 1980s. Using the
intuitive solution principle introduced above, the effects of this announced policy
measure can be derived with the aid of Figure 4.7. The ultimate effect of the aboli-
tion of the subsidy is to increase the relative price of investment goods and to shift
the K = 0 line up and to the left. In the long run the economy ends up at point E;,
with a lower capital stock and a higher value of g (due to the higher steady-state
marginal product of capital). Since the capital stock is given at time 4, discrete ad-
justment in ¢ must occur at the time of the announcement t 4, and the economy must
be on the new saddle path at the time of implementation t;, the adjustment path
must look like the one sketched in the diagram. At t4 there is a financial correction
that pushes the economy from Ej to A directly above it (K = Ky at impact). Between
t4 and t] the economy moves in a north-easterly direction towards point B, where it
arrives at t;. After that, there is gradual adjustment from B to the new steady state
at E1 .

The striking (though intuitive) conclusion is that investment goes up initially!
Firms in this economy rush to put in their investment orders in order to be able to get
the subsidy while it still exists. This is of course exactly what happened in the Dutch
case. The adjustment paths for all variables have been drawn in the lower panel
of Figure 4.7. The conclusion of this experiment must be that anticipation effects
are very important and can give rise to (at first glance) unconventional dynamic
adjustment.
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4.1.2.3 Temporary or permanent investment subsidy?

Suppose that the policy maker wishes to stimulate the economy and has decided to
do so by creating investment incentives in the form of an investment subsidy. If the
policy maker desires the maximum stimulus to emerge for a given subsidy, should
he introduce a permanent or a temporary investment subsidy? Intuition would sug-
gest that a temporary subsidy would have a larger impact on current investment
because firms would squeeze in their investments while the subsidy exists. This is
an intertemporal substitution argument: firms are tempted to bring forward their in-
tertemporal investment plans to “make hay while the sun shines”. It turns out that
our simple model in fact predicts this kind of response.

The temporary subsidy is announced and introduced at time 4 = t; and simul-
taneously announced to be abolished again at some fixed time in the future tg (> t;
of course). The duration of the shock is thus given by ¢; — tg. Our heuristic solution
principle can again be used to graphically derive the adjustment path with the aid of
Figure 4.8. Working backwards in time, the following must hold: (i) at g the econ-
omy must be on the saddle path towards the eventual steady-state equilibrium Ey;
(ii) between t 4 and tr the dynamic forces operating on g and K are those associated
with the equilibrium E; (which would be relevant if the subsidy were permanent).
The arrows are drawn in Figure 4.8. At t4 the capital stock is given (at Kg) and the
discrete financial adjustment must take place.

Using all this information, the adjustment path is easily seen to consist of a jump
from E to A at time ¢4, gradual adjustment from A to B between t 4 and fg, followed
by gradual adjustment from B to Ej after tr. The time paths for all variables are
drawn in the lower panel of Figure 4.8.

Of course, the path associated with a permanent subsidy is an immediate jump
at t4 from Ej to A’ followed by gradual adjustment from A’ to E;. This shows that
the effect on current investment (i.e. I(t4)) is highest for a temporary investment
subsidy (compare points A and A’). This is because, for a given investment subsidy,
the value of g falls by less in the case of a temporary subsidy. Hence, if the policy
maker is concerned about stimulating current investment, a temporary investment
subsidy is one way to achieve it.

4.1.2.4 Interaction with the labour supply decision

As a final application of the model, we now consider the general case where the mo-
del is interpreted at a macroeconomic level, and equations (4.13)-(4.15) are appended
with a labour supply equation of the form familiar from Chapter 1:

w(l 1) = g(N), (4.28)

where t is the tax rate on labour income, and we assume that gy > 0, i.e. the
substitution effect dominates the income effect in labour supply.

What happens to investment and employment if the tax on labour is reduced?
And how do these effects occur over time? Obviously, in order to examine the effect
on investment, the effect on the steady-state value of 4 must be determined. As is
clear from (4.14), we need to know what happens to the marginal product of capi-
tal, Fk. Similarly, in order to study the consequences of labour market equilibrium,
we must confront labour supply (4.28) with labour demand (4.15), where the latter
depends on the marginal product of labour, Fy. Since the economy is operating un-
der perfect competition, the production function is linear homogeneous (constant
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returns to scale), and Fy and Fx depend only on K/N. The expressions for Fy and
Fx can be linearized as follows (see Intermezzo 4.3 below):

~ 1—wNns o~ .

Fy = UKNN [K-N] =w, (4.29)
= _wiN ~ B ~.

o= K- N], (4.30)
N =eg[@w—F], (4.31)

where Fx = dFx/Fx, Fy = dEn/Eny, N = dN/N, K = dK/K, @ = dw/w, [} =
dl’L/(l —t1), wny = NFN/Y, g5 = g(N)/(NgN) > 0,and oy = FNFK/(YFNK) > 0.
In words, a variable with a tilde represents the proportional rate of change in that
variable, wy is the share of income paid out to the factor labour, €5 is the labour
supply elasticity (see Chapter 1) that is assumed to be positive, and ogy (> 0) is the
substitution elasticity between capital and labour. Intuitively, it measures how easy
it is to substitute one factor of production for the other. The easier the substitution,
the higher the value for cxy. Note that we have already imposed that the labour
market is in equilibrium.

Intermezzo 4.3

Some production theory. If Y = F(N,K) is a linear homogeneous

production function, it possesses several very useful properties (see

e.g. Ferguson, 1969, pp. 94-96):

(P1) FyN + FgK = Y (Euler’s Theorem);

(P2) Fy and Fg are homogeneous of degree zero in N and K, hence;

(P3) NFyy + KFng = 0 and KFgg + NFgy = 0;

(P4) oxny = EnFr/(YFgy) is the substitution elasticity between capi-
tal and labour.

Also, Young’'s Theorem ensures that Fyx = Fgy. Armed with
these useful properties equations (4.29) and (4.30) can be derived.
First, totally differentiate Fy(N, K):

dFN = FNNdN 4 FNKdK. (a)
But (P3) ensures that Fyy = —(K/N)Fng, so that (a) can be written
as:

dFN = —(K/N)FNKdN a4 FNKdK = _PNKK |:dWN — de]

X N (b)

dFy _ FxK [dK dN
Fv  Fn

It remains to be shown that FyxK/N can be written in terms of an
income share and the substitution elasticity defined in (P4):

FNKK_FKK FNKY_l—wN
FN Y FNFK_ TKN ’

(©
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Combining (c) and (b) yields (4.29). Note that we have used (P1) and
(c) to derive that FxkK/Y =1—FyN/Y =1—wN/Y =1 — wy. The
derivation of (4.30) is left as an exercise.

*%A%

By using (4.29) and (4.31), the equilibrium employment level and the wage rate
can be written as functions of K and f;:

(1 — wN) [K + gst]

b — , 432
@ OxN + (1 — wN)eS ( )
N es(1 — wn)K —esorniL (4.33)
OrN + (1 — wN)ss
By substituting (4.33) into (4.30), the expression for Fk is obtained:
N wn [K + est
By = v [K + et (4.34)

Cot+ (T—wn)es’

This expression is particularly important. It says that the marginal product of capital
increases if the tax on labour is reduced. The reason is that a decrease in the labour
tax stimulates employment (since €5 > 0), which means that capital becomes more
productive (since Fxy > 0).

The immediate, transitional, and long-run effects of a permanent unanticipated
reduction in the labour income tax have been illustrated in Figure 4.9. As the labour
tax falls, the marginal product of capital rises (for all levels of the capital stock) and
the § = 0 line shifts up and to the right. The economy jumps from Ej to A, and the
value of g jumps from g to q'. Entrepreneurs observe a very good business climate
and feel a strong incentive to expand business by investing. The economy moves
smoothly along the saddle path from A to E;. The situation in the labour market is
depicted in Figure 4.10. The immediate effect of the tax reduction is an expansion
of labour supply from Nj to N7. Employment is immediately stimulated and rises
from N to N’. This is not the end of the story, however. Due to the fact that more
capital is put in place (factories are expanded) labour becomes more productive as
well. In terms of Figure 4.10, the labour demand schedule starts to gradually shift
up and to the right, and employment expands further. The ultimate steady-state
equilibrium is at E;. The time paths for the main macroeconomic variables have
been sketched in the bottom panel of Figure 4.9.
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Figure 4.9: A fall in the tax on labour income: investment and employment effects
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Figure 4.10: The short-run and long-run labour market effects

4.2 A dynamic IS-LM model

Tobin’s g-theory has become very popular among macroeconomists. The reason is
thatit allows for a very simple description of the dynamics of the investment process,
and gives predictions that are not grossly contradicted by empirical evidence. In
this section we discuss Blanchard’s (1981) version of the IS-LM model which incor-
porates the g-theory along with the assumptions of fixed prices and slow quantity
adjustment. This allows us to study the macroeconomic effects of traditional fiscal
policy in an explicit forward-looking framework. The model that is used is described
by the following equations:

YP =ag4+(1-b)Y+G, a>0,0<b<1, (4.35)
Y:a[YDfY}, o >0, (4.36)
M
o =KY—IRs, k>0,1>0, (4.37)
Ry
Rg =R, — =% 4.
s LT R, (4.38)
qZﬂ ~ R, (4.39)
mT=—ag+w1Y, ag >0, a1 >0, (4.40)

where YP is real spending on goods and services, g is Tobin’s average g, Y is the
level of real production (and income), G is an index of fiscal policy, Y [= dY /dt] is
the time rate of change in output, Rg is the rate of interest on short-term bonds, R},
is the interest rate on consols (see Chapter 2), M is the nominal money supply, and
P is the fixed price level which we normalize to unity (P = 1). We refer to Rg and Ry,



106 FOUNDATIONS OF MODERN MACROECONOMICS, SECOND EDITION

as, respectively, the “short rate” and the “long rate”.

Equations (4.35)-(4.36) together describe a dynamic IS curve. Equation (4.35)
shows that spending depends on Tobin’s average g, both because of its positive effect
on investment and (potentially) because of positive wealth effects in consumption.?
Furthermore, spending depends on income and on an index of fiscal policy G.

Equation (4.36) shows the dynamic behaviour of output. If demand exceeds pro-
duction (YP > Y) then inventories are run down and output is gradually increased.
Unlike in the standard IS-LM model, output is now modeled as a state variable
which can only move gradually over time.

Equation (4.37) is a linear money demand equation (ignoring the wealth effect).
The demand for real money balances depends negatively on the short rate of interest
and positively on income. In discrete time, the short rate of interest is the rate of
interest on single-period bonds. Such bonds have no capital gain/loss because they
mature after a single period. In continuous time, the short rate represents the rate of
interest on a bond with an infinitesimal term to maturity. Hence, there are no capital
gains/losses in this case either.

Equation (4.38) is the arbitrage equation between short bonds and consols. We
assume that the two types of financial instruments are perfect substitutes, so that
their respective rates of return must equalize. For short-term bonds this rate of return
is Rg since there are no capital gains/losses. For consols there may, however, be
capital gains/losses. Recall from Chapter 2 that the price of consols is the inverse of
the rate of interest on consols, i.e. P = 1/R. The rate of return on a consol is equal
to the sum of the coupon payment (1 euro each period) plus the expected capital
gain (Pp) expressed in terms of the price of the consol (Pp):

1+Pp  1—(1/R?)R R
return on consol = ;B B _ (1//RLL) L _ Ry — Rii'

(4.41)

where we have used P; = 1/R; and Py = (—1/R?)R, to arrive at the final expres-
sion. This rate of return on consols must be the same as the short rate of interest:
Rp

R, — =L
LTR,

= Rs. (4.42)
Equation (4.42) is known as the term structure of interest rates.

Equation (4.39) is another arbitrage equation. Since § measures the value of
shares, the rate of return on shares is the sum of the periodic dividend payment
(71) plus the expected capital gain on shares (), expressed in terms of the share price
() itself:

return on share = L"‘l] (4.43)

Since shares and the other non-monetary financial assets are perfect substitutes, the
rate of return on shares must be the same as the short rate of interest. This is what
(4.39) says. Finally, equation (4.40) is an ad hoc relationship between profit (or divi-
dends) and output. If output is high, the marginal product of capital is also high (for

2Recall that gK is the value of the nation’s capital stock. To the extent that domestic households own the
firms, gK is part of wealth which may affect consumption. Strictly speaking, household bond holdings
and the real money supply should also affect consumption (as in the Blinder-Solow model studied in
Chapter 2) but this effect is ignored by Blanchard.
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a given capital stock) and so are profits. Conversely, if output is low, then the firm
may not be able to meet its fixed cost so that profit may be negative.
The model can be condensed to two equations by means of simple substitutions:

Y =0 lag—bY + GJ, (4.44)
 kY-M
n I

Clearly, the model gives rise to a non-linear system of differential equations in Y and
g. The exogenous variables are G and M. Once the paths for Y and g are known, the
paths for the remaining variables can be solved also. The dynamic properties of the
model can be studied with the aid of the phase diagrams in Figure 4.11.

Equation (4.44) shows that the Y = 0 line is linear and upward sloping. In-
creasing government spending shifts the Y = 0 line down and to the right, and the
dynamic forces operating on points off the Y = 0 line are stabilizing, i.e. for a given
level of g, output automatically returns to the equilibrium line over time. In sum-

mary:
9q _b 9q _ 1 aY_f
<8Y>Y_O—a>0, (8G>Y—o_ a<0’ 3y = ob < 0. (4.46)

q—a1Y + «o. (4.45)

The 4§ = 0 line is slightly more complicated due to its non-linearity. By using (4.45)
we find that the § = 0 can be written as follows:

tXlY — X0

q= m (4.47)

The denominator on the right-hand side is the short interest rate which must be
positive. Indeed, if Rg were negative, people would just hold their wealth in the
form of money balances, kept in an old sock in some cupboard. In terms of Figure
4.11, only output values exceeding M/k are thus feasible. It is not difficult to see
that the slope of the 4 = 0 line depends on the relative strength of two effects: if Y
increases, both profits and the short rate of interest rise. The profit effect increases
steady-state g but the interest rate effect decreases it. As a result, the net effect on
the steady-state value for Tobin’s g is not a priori clear. Using (4.47) and taking
derivatives we find:

() - omomYomk
Y ) 4o Rs Rs IRg
1 gk
= — |- <
R [041 i ] s0, (4.48)

where the first term in square brackets represents the profit effect and the second
term is the interest rate effect. Depending on the parameter values, the model de-
scribes either one of two cases, both of which have been illustrated in Figure 4.11.
Using the terminology of Blanchard (1981), we distinguish:

Bad news case If M/k > &g/« then q has alower bound of a1//k and limy | p1/x g =
+o0. The profit effect of output is dominated by the interest rate effect and the
g = 0 line is downward sloping, as in Figure 4.11(a).

Good news case If M/k < ap/aq then g has an upper bound of a1!/k and limy | p1/x g =
—oo. The profit effect of output dominates the interest rate effect and the 4 = 0
line is upward sloping, as in Figure 4.11(b).
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Figure 4.11. Dynamic IS-LM model and the term stucture of interest rates
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Note that for both cases, equation (4.47) implies that an increase in the money
supply shifts the 4 = 0 line up and to the right:

9q ) q
—L = -1 >0 (4.49)
(aM =0 IR%

Finally, the dynamic adjustment in Tobin’s g can be deduced in a straightforward
fashion from equation (4.45):

9 _
5~ Rg > 0. (4.50)

In terms of Figure 4.11, points above (below) the § = 0 line are associated with
capital gains (losses) on shares. Hence, the dynamics of g for points off the § = 0 line
is destabilizing. The dynamic behaviour of the model can once again be determined
graphically with the aid of Figure 4.11. In both cases the model is saddle-point stable,
and the initial equilibrium is at Eg, with output equal to Y and Tobin’s g equal to gy.
The saddle path is downward (upward) sloping in the bad (good) news case.

Now consider what happens if the policy maker announces a permanent fiscal
expansion to be implemented some time in the future (hence t; > t4). In the interest
of brevity we restrict attention to the bad news case. In the top part of Figure 4.12
the ¢ = 0 line is drawn as a linear line for convenience. The initial equilibrium is
at point Eg. Using the heuristic solution principle used extensively in this chapter,
the adjustment path is easily derived. At time ¢4 there is a stockmarket correction
and ¢ jumps from ¢ to ¢’. Agents know that output will expand in the future and
as a result short interest rates will eventually rise also. Even though profits increase
also, the interest rate effect dominates in this case, so that the discounted value of
profits (i.e. q) must fall. Between t 4 and t; output, profits, and the short rate actually
fall. This is because aggregate spending (Y) has collapsed due to the fall in g (recall
that the additional government spending has not yet materialized). At time ¢; the
economy arrives at point B and the fiscal impulse is implemented. The Y = 0 locus
shifts to the right and demand exceeds production (Y > Y). This leads to a gradual
increase in production (and thus profits and the short rate) along the saddle path
from B to E;. Ultimately, the economy ends up with a higher level of output and a
lower value of g.

What happens to the other variables over time has been illustrated in the lower
panel of Figure 4.12. The path of the short rate of interest is implied by the path
for income Y and the LM curve (4.37) and has already been discussed. The long
rate of interest must satisfy (4.38). We know that in the long run both the short and
the long rate must rise (IR = dRg > 0). In view of the solution principle, Ry can
only jump at time t4 since no anticipated infinitely large capital gains/losses are
allowed. If Ry were to jump down to a level below Rg, equilibrium would never be
restored since then R} = R; (R, — Rg) < 0, and R} would continue to fall over time
(whereas its steady-state level is higher than before the shock). Hence, R; must jump
up at time f 4 to a level above Rg (but below its new steady-state level). Thereafter,
Rp = RL(RL — Rs) > 0, and Ry gradually starts to rise further over time towards its
new steady-state level.
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Figure 4.12: Anticipated fiscal policy
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4.3 Punchlines

The key concept that is developed in this chapter is that of saddle-point stability. To
illustrate this concept we develop Tobin’s g theory of investment in continuous time.
This theory, which was also discussed briefly in discrete time in Chapter 2, is quite
attractive because it is very simple but nevertheless yields predictions which accord
with intuition and (some of the) empirical evidence. In the g theory, investment by
firms depends on the shadow price of installed capital goods, which is called To-
bin’s marginal 4. This shadow price is a forward-looking concept and it incorporates
all the information that is of relevance to the firm. Under some conditions Tobin’s
marginal g coincides with average g, which can be measured in a relatively straight-
forward fashion by looking at the stockmarket value of the firm.

In order to understand the capital dynamics implied by Tobin’s g theory, we
study the effect of an investment subsidy in a number of different settings. In the
simplest possible setting we interpret the theory at the level of an individual firm
for which the real wage rate and thus the marginal product of capital is constant. In
a more complex setting we interpret the theory as pertaining to the economy as a
whole. This necessitates an assumption about the labour market. We consider two
cases; one with a fixed supply of labour and the other with an elastic labour sup-
ply. The latter case allows for a discussion of the effects of a labour income tax on
employment, investment, and the capital stock.

Since the g theory is inherently forward looking, the effects of a policy shock de-
pend critically on whether the shock is anticipated or not. A policy shock is unantici-
pated (anticipated) if the time of implementation coincides with (postdates) the time
of announcement. An anticipated shock which affects either the marginal product
of capital or the interest rate will have an immediate effect on investment because
Tobin’s g is the present value of present and future marginal capital productivity.
Graphically the model can be shown to be saddle-point stable, i.e. there is a unique
trajectory towards the new equilibrium following a shock. At impact the capital
stock is predetermined (accumulated in the past) but Tobin’s ¢ can jump to incorpo-
rate new information.

The model gives rise to some interesting policy implications. For example, an an-
ticipated abolition (or reduction) of the investment subsidy leads to an investment
boom at impact because firms rush to put in their investment orders to get the sub-
sidy while it still exists. Similarly, a temporary investment subsidy causes a larger
impact effect on investment than a permanent subsidy does. Intuitively this happens
because firms bring forward their intertemporal investment plans in order to “make
hay while the sun shines”. The fact that these predictions accord with intuition lends
the theory some credibility.

Another attractive feature of Tobin’s g theory is that it is easily incorporated in
the IS-LM model. In doing so one of the objections raised against that model, namely
that it contains only rudimentary dynamics, is substantially weakened. By also mod-
eling gradual output adjustment and a simple (forward-looking) term structure of
interest rates, the dynamic IS-LM model gives rise to a rich array of intertemporal
effects. For example, with an anticipated increase in government consumption it is
possible that output falls during the early phase of the transition. This is because
the downward jump in Tobin’s g causes a fall in investment and aggregate demand
which is not counteracted because the additional government consumption has not
yet materialized. In the long run, of course, output rises beyond its initial level.
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Further reading

The material on the investment subsidy is motivated in part by the analyses of Abel
(1982) and Summers (1981). Abel (1981) shows how the investment model can be
generalized by allowing for a variable utilization rate of capital. The recent invest-
ment literature stresses the irreversibility of investment and/or non-convex adjust-
ment costs. Key articles are: Abel and Eberly (1994), Abel et al. (1996), Dixit and
Pindyck (1994), and Caballero and Leahy (1996). A good survey is Caballero (1999).
Sargent (1987b) and Nickell (1986) develop a dynamic theory of labour demand
based on adjustment costs on the stock of labour. Hamermesh and Pfann (1996)
present a recent survey of this literature. In Chapter 10 we show how saddle-point
equilibria naturally arise in the open economy context. Key papers are Dornbusch
(1976) and Buiter and Miller (1981, 1982), and a good survey is Scarth (1988, ch. 9).



Chapter 5

The government budget deficit

The purpose of this chapter is to discuss the following issues:

1. To explain and assess the validity of the Ricardian equivalence theorem, and to
show how it operates in a simple two-period optimizing model of household
consumption (and labour supply) behaviour;

2. To explain the notion of tax smoothing and the golden financing rule, and

3. To show how the fiscal stance of the government should be measured.

5.1 Ricardian equivalence

The Ricardian equivalence theorem was formulated, as the name suggests, by the
British classical economist David Ricardo (1817, p. 245), who immediately dismissed
it as being irrelevant in practice. In an influential paper, however, the new classical
economist Robert Barro (1974) forcefully argued that the Ricardian equivalence the-
orem is worthy of professional attention and yields important policy prescriptions.

Loosely speaking, the Ricardian equivalence theorem amounts to the following:
for a given path of government spending the particular method used to finance these
expenditures does not matter, in the sense that real consumption, investment, and
output are unaffected. Specifically, whether the expenditures are financed by means
of taxation or debt, the real consumption and investment plans of the private sector
are not influenced. In that sense government debt and taxes are equivalent.

In other words, government debt is simply viewed as delayed taxation: if the
government decides to finance its deficit by issuing debt today, private agents will
save more in order to be able to redeem this debt in the future through higher taxa-
tion levels. Consequently, if the Ricardian equivalence theorem is valid, the Blinder
and Solow (1973) model (discussed extensively in Chapter 2) is seriously flawed. In
that model real private consumption depends on net wealth, which includes govern-
ment debt! Under Ricardian equivalence, government debt in the hands of the public
should not be counted as net wealth since it is exactly matched by the equal-sized
liability in the form of future taxation.

113
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5.1.1 A simple model

Suppose that historical time from now into the indefinite future is split into two
segments. The first segment (called period 1) is the present, and the second segment
(called period 2) is the future (obviously, by construction, there is no period 3). There
is perfect foresight on the part of both households and the government. We look at
the behaviour of the representative household first. It lives as long as the govern-
ment does, and achieves utility by consuming goods in both periods. Labour supply
is exogenous and household income consists of exogenous “manna from heaven”.
Lifetime utility V is given by:

1
V =U(C —U(Cy), 0, 5.1
(1)+1+p (C2), p> (5.1)

where C; is consumption in period T (= 1,2), U(-) is the instantaneous utility (or
“felicity”) function, p is the pure rate of time preference, representing the effects
of “impatience”. The higher p, the heavier future utility is discounted, and the more
impatient is the household. The felicity function has the usual properties, i.e. U'(-) >
0and U"(-) < 0. At the end of period 0 (i.e. the “past”), the household has financial
assets amounting in real terms to Ag over which it also receives interest payments at
the beginning of period 1 equal to g Ay, where rq is the real rate of interest on period
0 savings. The exogenous non-interest income payments are denoted by Y; and Y5,
respectively, so that the periodic budget restrictions in the two periods are:

Ar=(1+r)Ao+ (1-t)Y1 - Cy, (5.2)
Ay=(1+r)A1+(1-hH)V2-C =0, (5.3)

where rq is the interest rate on savings in period 1, t; and ¢, are the proportional tax
rates on income in the two periods, and A, = 0 because it makes no sense for the
household to die with a positive amount of financial assets (A, < 0), and it is also
assumed that it is impossible for the household to die in debt (A, > 0). (Below, we
modify the model and show that households with children may wish to leave an
inheritance.) Note that (5.2)-(5.3) incorporate the assumption that interest income is
untaxed.

If the household can freely borrow or lend at the going interest rate r, then A;
can have either sign and equations (5.2)-(5.3) can be consolidated into a single life-
time budget restriction. Technically, this is done by substituting out A; from (5.2)-

(5.3):
Co— (1—h)Y.
A = (1+r0)A0+(1—t1)Y1—c1:L2)2
1+1’1

G
= (1 A H 4
C1+1+r1 (14+r9)Ap+H, (5.4)

where the right-hand side of (5.4) represents total wealth, which is the sum of initial
financial wealth inclusive of interest received, (1 + r9)Ap, and human wealth, H:

1-t)V

H= (1—t1)Y1+( Tor (5.5)

Equation (5.4) says that the present value of consumption expenditure during life
must equal total wealth.
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In order to demonstrate the Ricardian equivalence theorem, we need to introduce
the government and its budget restriction. We start as simple as possible by assum-
ing that the government buys goods for its own consumption (G; and G), and fi-
nances its expenditure by taxes and/or debt. There is no money in the model, so
money financing is impossible. The government, like the household, exists for two
periods, and can borrow or lend at the interest rate r1. In parallel with (5.2)-(5.3), the
government’s periodic budget restrictions are:

(Dy =) roBo+ Gi — t1Y1 = By — By, (5.6)
(Dz E) r1B1 + Gy — Yo = By — B = —Bjy, (5.7)

where D; and B: denote, respectively, the deficit and government debt in period
T (= 1,2), respectively, and By = 0 because the government, like the household,
cannot default on its debt and is assumed to remain solvent (no banana republic!).
Using the same trick as before, equations (5.6)-(5.7) can be consolidated into a single
government budget restriction:

o _thz—Gz
By = (1 +1’0)B0 + G — Y] = 1+
Gy Y
1 B = hY .
(1+ro) 0+G1+1+71 11+1+r1, (5.8)

where the left-hand side of (5.8) represents the present value of the net liabilities of
the government, and the right-hand side is the present value of net income of the
government (i.e. the tax revenue).

Since government bonds are the only financial asset in the toy economy, house-
hold borrowing (lending) can only take the form of negative (positive) holdings of
government bonds. Hence, equilibrium in the financial capital market implies that:

Az = B, (5~9)

for Tt = 0,1,2. Formally, equilibrium in the capital market determines the equilib-
rium interest rates, ry and ry.

The first demonstration of the Ricardian equivalence theorem is obtained by solv-
ing the consolidated government budget restriction for (1 + ) By, and substituting
the result into the lifetime household budget restriction (5.4) taking (5.9) into ac-
count:

G (1-1)Ys
= (1 B 1—£1)Y —_—
C1+1+1’1 (-1-1’0) o—|—( 1)1—|- T4n
tr Yo Gy (1-t)Y,
—hY G- 1 — )y, + L=V
W+~ G o (I +
_ Yo-Gy
=Y -G+ Ttr (5.10)

The final expression shows that the tax parameters drop out of the household’s life-
time budget restriction altogether. Only the present value of (exogenously given)
government spending affects the level of net wealth of the household. Consequently,
the choices of C; and C; do not depend on the tax parameters ¢; and f; either. The
way in which the government finances its expenditure has no real effects on con-
sumption.
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So if consumption plans are unaffected by the timing of taxation, then what is?
The answer is, of course, household saving. In order to demonstrate this, and to
facilitate the subsequent discussion, we use a specific functional form for the felicity
function U(-); one that yields very simple expressions for the optimal consumption
and saving plans:

U(Cy) =InCy. (5.11)

(The most general version of the two-period consumption model is studied in Inter-
mezzo 5.1.) The household chooses C; and C; such that (5.1) is maximized subject to
(5.10) and given the felicity function (5.11). Again the optimality conditions can be
obtained by using the Lagrange multiplier method. The Lagrangian is:

1 G

=1 — 1 AlQ—-Cy— 12

L 1’1C1+1+p nCp + l: C 14n , (5.12)
so that the first-order conditions are:

oL 1
ﬁfa_)‘fo’ (5.13)
oL 1 A
9= _ =0, 5.14
dC, (1—|—p)C2 14+r ( )

and the third condition, d£/9A = 0, yields the budget restriction (5.10).! By combin-
ing (5.13)-(5.14), the so-called consumption Euler equation is obtained:
1 1+r Cy 147

P s W Q2 _ . 5.15
G 0+pG G 1+p (515

In words, equation (5.15) can be understood as follows. Assume, for example, that
the interest rate exceeds the pure rate of time preference, i.e. r; > p. Then it follows
from (5.15) that the household finds it optimal to set C,/C; > 1,ie. C; > C;. The
household wishes to enjoy relatively high consumption in the second period. This
is understandable in view of the fact that a low value of p (relative to r1) implies
that the household has a lot of patience, and hence a strong willingness to postpone
consumption. This is the intertemporal substitution mechanism in consumption.
Equation (5.15) determines the optimal time profile of consumption, i.e. it shows
consumption in the future relative to consumption now. The level of consumption is
obtained by substituting (5.15) into the household budget restriction (5.10):

_1+p C_l—i—rl

C = ’ =
! 2+p 2 2+p

(5.16)

The expression for household saving (S1) is determined by the identity S; = A; —
AO = Bl — B(), or:
1+p
Si=rBo+(1—-t)Y1 ———Q, 5.17
1=roBo+(1-t)¥1 - 5 0 (5.17)
from which we see immediately that the tax rate f; does not vanish from the expres-
sion for household saving in the first period.

I The optimized value of the Lagrange multiplier has a straightforward economic interpretation. It rep-
resents the marginal lifetime utility of lifetime wealth, i.e. A = dV/dQ.
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(1_t20)Y2

(1’t21)Y2

C: (1_IE)Y1 (1_t11)Y1 C1
+(1+1)By  +(141)B,

Figure 5.1: Ricardian equivalence experiment

Now consider the following Ricardian experiment. The government reduces the
tax rate in the first period (d¢t; < 0) but keeps its goods consumption (G; and Gy)
constant. Then equation (5.17) implies that

ds1 = —Yqdt; > 0, (5.18)

(because dQ) = d (roBy) = 0) but the government budget restriction (5.8) implies that
taxes in the second period must satisfy:

Y 1 Y
2 dty=0 = dt= —%dtl >0, (5.19)

+ r1 Yz

Y, dt
1 1+1

as the present value of government liabilities are unchanged by assumption. Hence,
the reaction of the household to this Ricardian experiment is to increase its saving
in the first period (dS; > 0) in order to be able to use the extra amount saved plus
interest in the second period to pay the additional taxes. In Figure 5.1, the experiment
has been illustrated graphically.

The initial income endowment point is at E}. It represents the point at which the
household makes no use of debt in the first period (i.e. A; = By = 0) and simply
consumes according to (5.2)-(5.3). Since the household can freely lend/borrow at
the going rate of interest r;, however, it can choose any (C1, C;) combination along
the budget line AB. Suppose that the optimal consumption point is at E¢, where
there is a tangency between an indifference curve (dV = 0) and the budget line. The
optimal consumption levels are given by Cj and C3, respectively. The household
saves By in the first period, and receives (1 + 1) By in the second period. As a result
of the Ricardian experiment (dt; < 0), income rises in the first period and falls in
the second period, but the net wealth of the household (Q2) is unchanged. Hence,
the income endowment point shifts along the given budget line in a south-easterly
direction to E}/ The optimal consumption point does not change, however, since
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nothing of importance has changed for the household. Hence, the only thing that
happens is that the household increases its saving (by an amount dB;) in the first
period and it does so by purchasing more bonds from the government. Demand for
and supply of government debt expand by the same amount so that no change in
the interest rate, 1, is required to maintain capital market equilibrium.

There are many theoretical objections that can be levelled at the Ricardian equiv-
alence theorem. In the next subsections we discuss the most important theoretical
reasons causing Ricardian equivalence to fail. The interested reader is referred to the
symposium on the budget deficit (published in the Journal of Economic Perspectives)
for further details; see in particular the contributions by Barro (1989) and Bernheim
(1989),

Intermezzo 5.1

The two-period consumption model. Because the two-period con-
sumption model has played such an important role in the macroeco-
nomic literature it pays to have a very good understanding of its ba-
sic properties. Assume that the representative household’s lifetime
utility function is given in general terms by:

V=V(C,G), (a)

where C; is consumption in period 7, and we assume positive but di-
minishing marginal utility of consumption in both periods, i.e. V; =
dV/0Cr > 0and Vi = BZV/BC% < 0. Note that (5.1) is a special case
of (a) incorporating a zero cross derivative Vi, = 0%V /9C10C,. In the
general case considered here, no such restriction is placed on Vj,. To
avoid uninteresting corner solutions, however, we assume that indif-
ference curves bulge towards the origin, i.e. V41V — V122 > 0.
Abstracting from taxes, the household’s periodic budget identi-
ties are givenby A1 +C; = 1+ 1’0>A0 +Yiand C; = (1 + 7’1)A1 +Y,
which can be consolidated to yield the lifetime budget constraint:

G
1+nr

Cy +

= (1+r9)Ag + [Yl + 1 fﬁ] =0, (b)
where Y7 is exogenous non-interest income in period 7, Ay is initial
financial wealth, Q) is initial total wealth (i.e. the sum of financial and
human wealth), and r; is the interest rate in period T. The household
chooses C; and C; in order to maximize lifetime utility (a) subject
to the lifetime budget constraint (b). The first-order conditions are
given by (b) and the Euler equation:

Vi(C1,C2)

A2) g4y, c
V2(Cq, C2) ! ©

where we indicate explicitly that V; in general depends on both C;
and C, (because Vi # 0 is not excluded a priori).

Equations (b)-(c) define implicit functions relating consumption
in the two periods to the interest rate and total wealth which can be
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written in general terms as C; = C(Q, 1) for T = 1,2. To find the
partial derivatives of these implicit functions we employ our usual
trick and totally differentiate (b)-(c) to obtain the following matrix

expression:
dCy ] [ 1 ] %
A = dQ+ | +m)* | dry, d
-1 o | dr (d)

where the matrix A on the left-hand side of (d) is defined as:

A= [ ! T ] , ©
Vin—(Q+r)Viz Viz—(1+1n)V2

and we have already incorporated Young’s theorem according to

which Vi, = V51 (Chiang, 1984, p. 313). The second-order conditions

for utility maximization ensure that the determinant of A is strictly

positive (see Chiang (1984, pp. 400-408) for details), i.e. |A| > 0. This

means that the implicit function theorem can be used (Chiang, 1984,

p. 210).
Let us first consider the effects of a marginal change in wealth.
We obtain from (d):
0C; Vip—(14r)Va >
0 |A| =l @
& _ (A4+m)Vip—Vn >
0 - A <0 ®

Several observations can be made regarding these expressions. First,
the effect of wealth changes on consumption in both periods is am-
biguous in general. Second, if lifetime utility satisfies V1, > 0 then
0C:/0Q) > 0 for T = 1,2, and present and future consumption are
both normal goods. Third, if Vj; < 0 then either present consump-
tion or future consumption may be an inferior good (9C;/9Q) < 0). It
follows from (b), however, that at most one good can be inferior, i.e.:

aC, 1 G
0 TTina ¢ (B

Next we consider the effects of a marginal change in the interest
rate r1. It follows from the budget restriction (b) that a change in
r1 not only changes the relative price of future consumption (on the
left-hand side of (b)) but also affects the value of human wealth (and
thus total wealth) given in square brackets on the right-hand side
of (b). Indeed, in view of the definition of (), we find dQ)/dr; =
~Y>/(1+1r1)? < 0, i.e. an increase in the interest rate reduces the
value of human capital because future wage income is discounted
more heavily. By taking this (human) wealth effect into account we
obtain the following partial derivatives from (d):

00 _ Ve-(arVe A1 ooy o
ory |A| 147 |A| 1471 <7
aC 1 Vio—Vn A 1

2 _ (A+r)Vi-Vn 4 =0 )

. A T+r ' JA] 2%
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where we have used the second period budget identity, (1+r1)A; =
Cy — Y, to simplify these expressions. Again several observations can
be made regarding the expressions in (i)-(j). First, without further re-
strictions on Vj; and A the effects are ambiguous. By differentiating
the lifetime budget equation (b) we find:

aCy 1 9C; Aq

1 —< = k
6r1+1—|—1’1 a?’l 1+71’ ()

from which we deduce that for an agent who chooses to save in the
first period (A1 > 0), either present or future consumption (or both)
rise if the interest rate rises. Second, if A; > 0 and V;, > 0 then
0Cy/0rq ; 0 and 0Cyp/0drq > 0. Third, if the agent’s utility maximum
happens to coincide with its endowment point (so that A; = 0) then
it neither saves nor dissaves in the first period and it follows that
dCy/dr; < 0and dCy /or; > 0.

In the literature it is often assumed that the utility function
is homothetic. A homothetic utility function can be written as
V(Cy,C2) = G(H(Cy,C2)), where G(+) is a strictly increasing func-
tion and H(Cy,Cy) is homogeneous of degree one in C; and C; (see
e.g. Sydsaeter and Hammond, 1995, p. 573). We recall the following
properties of such functions from Intermezzo 4.3 in Chapter 4: (P1)
H;Cy + H,Cy = H, (P2) Hy and Hj are homogeneous of degree zero
in C; and G, (P3) Hyp = —(Cl /Cz)Hll = —(CQ/C1>H22 and thus
Hyy = (C2/Cq)*Hp, and (P4) 01p = —dIn(C;/Cy)/dIn(Hy /Hp) =
H1H,/(HHj) > 0. Since Hy; < 0 and Hy < 0 it follows from (P3)
that Hjp > 0 and from (f)-(g) that present and future consumption
are both normal goods. To see why this is the case, we note that (c)
simplifies to H;/Hy = 1+ rq so that Vi1, Vip, and Vp in (d)-(f) are
replaced by, respectively, Hy1, Hyp, and Hpp.

To study the effect of a change in the interest rate we note that
the first-order condition (c) becomes Hy/Hy = 1+ r1. Since H; and
H, are homogeneous of degree zero, this Euler equation pins down
a unique C;/C ratio as a function of 1 + rq. By loglinearizing the
Euler equation (c) and the budget restriction (b) (holding (1 + rg) Ao,
Y1, and Y, constant) we obtain the following expression:

w1 1-— w1 dCl/Cl _ A1 /Q) d1’1 (1)
-1 1 dCy/C o | 1+r’
where w; = C;/Q and 1 —wy = C/[(1+ r1)Q] are the budget
shares of, respectively, first- and second-period consumption. Solv-
ing (1) we obtain the comparative static effects:

R PR

= o A @) - g - - een|
C; G Y,

. C 1+n [(1 w1) W‘leﬁz}; ()

where we have also used (1 +r1)A; = C; — Y. The three terms ap-
pearing in square brackets on the right-hand sides of (m) and (n) rep-
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resent, respectively, the income effect, the human wealth effect, and the
substitution effect (see also Obstfeld and Rogoff (1996, p. 30) for this
terminology). We illustrate these effects in Figures A and B.

Figure A Figure B

C, € S E

El\ U,

In both figures, the ultimate effect of an increase in the interest
rate rq is given by the move from Eg to E;. This total effect can be
decomposed into the usual Hicksian fashion. In doing so we exploit
the fact that for homothetic utility functions the slope of the indiffer-
ence curves is the same along a straight ray from the origin. In Figure
A we study a very simple case, for which the substitution elasticity
between current and future consumption is zero (032 = 0, so that
indifference curves are right angles), and for which there is no fu-
ture non-interest income (Y, = 0). The increase in the interest rate
rotates the budget constraint in a clockwise fashion, and moves the
optimum point from Ej to E;. Both C; and C; increase, and the move
from Eg to E; is due to the income effect (IE) only.

In Figure B we study the general case, for which o1, > 0 and
Y, > 0. Again the increase in 7; changes the optimum from Ej to
E;. Two wealth expansion paths are drawn in Figure B, one for the
old and one for the new interest rate. The move from Ej to E’ is
the substitution effect (SE) and the move from E’ to E” is the income
effect (IE). If the household were to have no non-interest income in
the second period (Y, = 0) this would be all as the human wealth
effect would be absent. If Y; is positive, however, the increase in
the interest rate reduces the value of human capital and shifts the
budget restriction inward. Hence, the human wealth effect (HWE) is
represented by the move from E” to E;. Further results on the two-
period model are presented by Obstfeld and Rogoff (1996, ch. 1).

E
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5.1.2 Distorting taxes

Up to this point we have assumed that non-interest income in the two periods is ex-
ogenous. It is easy to imagine that, for example due to an endogenous labour supply
decision, this type of income depends on the tax rate on labour income (see Chapter
1 and below). If that is the case, we should write Y;(#,t2) and Ya(#y,t2), and the
path of taxes may directly influence the income endowment point, and potentially
also the level of net household wealth. Consequently, Ricardian equivalence should
be expected to fail. In the remainder of this section we show how labour supply can
be endogenized in a dynamic setting.

In the two-period setting, the intertemporal labour supply model could take the
following format. We continue to assume that lifetime utility function is as given by
(5.1), but the felicity function changes from (5.11) to:

U(Cr1—Nyp) =1In (cg [1— Ny ) 0O<e<l, (5.20)

where N: is labour supply (and 1 — N is leisure) in period 7. Just as in Chap-
ter 1, the household has a time endowment of unity, which it must allocate over
leisure and work. To keep matters simple, the sub-felicity function, u (C¢,1 — N7) =
CE [1 — N¢]' ™%, takes the Cobb-Douglas form, implying that the infratemporal sub-
stitution elasticity between consumption and leisure is equal to one.? As a result, the
felicity function itself is loglinear in C+ and 1 — N.

The periodic budget constraints are still given by (5.2)-(5.3), but with Y replaced
by W;N;, where W is the gross (before-tax) wage rate in period 7.2 The lifetime
budget constraint is thus:

(1= 0)WoNp
14 r ’

= (1+7r0)Ag+ (1 — 1)W1 Ny + (5.21)
As it turns out, a rather useful trick is to treat the labour supply decision as a pur-
chase decision of leisure. Intuitively, by supplying N units of labour to the labour
market, the household implicitly “buys” 1 — N units of leisure from itself. Straight-
forward manipulation of (5.21) yields the consolidated budget constraint in terms of
spending on goods and leisure:

C2+(1—t2)W2 [1—N2}
1—|—1’1

C1+(1—t1)W1 [1—Nﬂ+ :(1+1’0)A0+HEQ, (5.22)

where Q) is total wealth and H is our revised definition of human wealth:

(1 — tz) Wz‘

H=(1-t)W
( 1) Wi + 1+r

(5.23)

2The intratemporal substitution elasticity, ¢ 1, measures the degree of substitutability between con-
sumption and leisure in the same time period. For a linear homogeneous subfelicity function, oc1_y is
defined as:
Ucui-N
u-uci-N ’

UC1-N =

For u (Cr,1 — N¢) we easily obtain 0c;_N = 1. See also Intermezzo 4.3 in Chapter 4 for a definition of
the substitution elasticity in the context of production theory.

3In the absence of physical capital, labour is the only production factor and the constant returns to
scale production function can be written as Y; = woN;. Perfectly competitive firm behaviour ensures
that Wy = wy for T = 1,2, i.e. the real wage rate is constant.
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Intuitively, H is the after-tax market value of the household’s time endowment in
present-value terms.

The household chooses C1, Cp, 1 — N, and 1 — N in order to maximize (5.1)
subject to (5.22), and noting the felicity function (5.20). The Lagrangian for this opti-
mization problem is:

. € 1—¢
L = 811’1C1+(1—S)ln(l—N1)+mlnC2+mln(1—Nz>

_Cz-f-(l—tz)Wz[l—Nz]

FA[Q=Cr— (1= )Wy [1 = Ny T (5.24)

and the (interesting) first-order conditions are:
%:cil”:o' (5.25)
9 [18—£ N 11__1\811 —A(l-t) W =0, (5.26)
% T —i—gp)Cz 1 :ﬁ =0 (5.27)
ap¥wﬂ:u+$BiNﬂAﬂ;?Mb=0 (5.28)

(As before, the condition, 0L/9A = 0, just gives us back the budget restriction (5.22).)
It is clear from (5.25)-(5.28) that the solutions for C; and 1 — N; can all be expressed
in terms of the Lagrange multiplier, A, and the relevant relative price terms. We can
thus use the following solution method. First, we substitute the first-order condi-
tions into (5.22) and solve for 1/A. After some steps we obtain:

Cy+ (1 —tz) W» [1 —Nz]

Q = Cl—F(l—t])W][l—Nﬂ—l- T+r
e 1—e € 1—¢e 2+4p1
= At +A(1+p)+/\(1+p)_1+p)\
1 T+4+p~
T = —2+p0. (5.29)

Hence, in this simple dynamic labour supply model, the Lagrange multiplier, repre-
senting the marginal utility of lifetime wealth, is inversely related to the wealth level
itself. In the second step, we use (5.29) in (5.25)-(5.28) to obtain the solutions that we
are looking for:

C, = e;i‘; a, C-— 812_:_;1 a, (5.30)
A—t)W1—N]=(1-e) 2 La, (531)
24 p
1+n

(1—t2)Wa[l— Ny = (1—¢) Q. (5.32)

2+p

Several points are worth noting about these expressions. First, the consumption
expressions in (5.30) are very similar to the ones for the basic model as stated in
(5.16). The key difference lies in the fact that only part of total wealth, £(), enters the
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expressions in (5.30). This is not surprising, in view of the fact that the household
now spends on goods and leisure in the extended model. Note, however, that the
Euler equation for consumption implied by (5.30) is the same as in the basic model
(see (5.15) above). Second, the expressions in (5.31)-(5.32) show that the household
spends constant fractions of total wealth on leisure. Note furthermore that (5.31) and
(5.32), taken in combination, imply an Euler equation for leisure demand (and thus
implicitly for labour supply) in the two periods:

1-Np 1+n (1—1’1)W1
_ . . 5.33
1-N; 1+4+p (1—t2)W2 ( )

The optimal intertemporal division of leisure consumption is governed by the prod-
uct of two ratios on the right-hand side of (5.33), namely the interest ratio (first term)
and the relative-wage ratio (second term). Holding constant the relative-wage ratio,
an increase in the interest rate boosts the interest ratio and induces the household to
adopt a steeper time profile for leisure, i.e. to postpone current leisure consumption
to the future (and to work relatively hard in the current period). Similarly, holding
constant the interest ratio, an increase in the relative-wage ratio prompts households
to work relatively hard in the current period (when wages are relatively high). The
mechanism just described is called the intertemporal substitution effect in labour
supply. It plays a vital role in the real business cycle models studied in Chapter 15
below.

By using (5.31)-(5.32) and (5.22)-(5.23), we find that the labour supply model
yields the following expressions for pre-tax non-interest income in the two periods:

1+e(14p) 1—¢ 1+p (1—t) W,
= W =W — - .34
" N =W T=h24p |0 A0t 37| 639
1+p+e 1-—el+4nr
Y, = W = — 1 A 1-— Wil. .
> N> = W 2+ -t 2+P[( +7’0) o‘l-( fl) 1} (5.35)

As was asserted at the beginning of this section, both Y; and Y, depend in a rather
complicated fashion on, among other things, the tax rates in the two periods. It fol-
lows that the Ricardian tax cut experiment in general will not only affect household
saving (as in the basic model) but will also change the labour supply decisions and
thus the macroeconomic equilibrium.

We end this section with a word of caution. It is tempting but incorrect to “prove”
the validity of the Ricardian equivalence theorem by substituting the government
budget constraint into the household budget constraint and showing that the tax
rates drop out. Here is how the incorrect approach proceeds. In the presence of
endogenous labour supply, the government budget constraint changes from (5.8) to:

G toWhr N
(1+70)B0+G1+72=t1W1N1+ 277222

14+ T4+7r (5-:36)

Of course, this step is perfectly valid. The next one is not. By noting the capital
market equilibrium condition (5.9), equation (5.36) is solved for (1 + ry) By and sub-
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stituted into (5.21) to show:

@) (1—t2)W2N2
C = (1 B 1—t)WiN - - =
1+1+r1 (1+70)Bo + ( 1)WiN; + T+r
t,Wr Ny Gy (1—t)WoN,
= — — 1— A VA
t1Wi Ny + 1+ 1 T+n +( f1)W1N1+ T+n
WhrN, — Gy

= WiN; — —_—= =, 37
1N1 — Gy + T+ (5.37)

The final expression does not contain the tax rates so one would be tempted to con-
clude that taxes do not affect any household decision, i.e. that taxes are completely
neutral. So what has gone wrong in this “proof”? In the basic model the substitu-
tion approach is valid because the right-hand side of equation (5.4) is taken as given
by the households, i.e. it is exogenous from the perspective of the households. In
contrast, the comparable right-hand side of (5.21) is optimally chosen by the house-
holds. The pattern of taxes has an effect on labour supply and thus on the attainable
resources. The substitution approach hides the labour supply response and thus
yields the incorrect conclusion in the case of distorting taxes.

Intermezzo 5.2

Ricardian equivalence in a small open economy. The validity of the
Ricardian equivalence theorem can also be investigated in the context
of a small open economy. In such an economy, households and the
government can borrow or lend at an exogenously given world in-
terest rate, rr. Denoting net foreign assets owned by domestic house-
holds by F, the financial capital market equilibrium condition (5.9)
changes to:

AT = BT+FT' (a)

Households can thus hold their financial wealth in the form of gov-
ernments bonds or in net financial assets (or both). The two types of
assets are perfect substitutes so their rates of return equalize. Assume
that non-interest income is exogenous (as in the basic model) but that
there is a comprehensive income tax, and that interest income from
all sources is also taxable (i.e., a residence-based interest income tax).
Equations (5.2)-(5.3) are modified to:

Ay =Ag+ (1—-t1) Y1 +rodo) —Cy, (b)
A2:A1—|—(1—t2) [Y2—|—7‘1A1]—C2=0. (c)

By eliminating A; from (b)-(c) and noting (a), we obtain the consoli-
dated household budget restriction:

(@)

@ - =
1+1+1’1(1—t2)

[1+70(1—t)] [Bo+ Fo]

(1 — tz)Yz

+(1—t)Y + —— 272
(il =) 1+r(1—f)

(d)
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Assuming a utility function as in (5.1), the household’s Euler equa-
tion is now given by:

U’(Cl)_1+r1(1—t2) ©
U(G) 1+p =
The tax future tax rate affects the intertemporal price of future con-
sumption and thus influences the optimal choice between current
and future consumption. We should thus expect that Ricardian
equivalence no longer holds in this setting. Hence, this is yet an-
other example of Ricardian non-equivalence caused by the fact that
a distorting tax is being changed in the Ricardian experiment. The
proof on Ricardian non-equivalence proceeds as follows.

The budget restrictions for the government, (5.6)-(5.7), are given

by:

By = (1+47r9) Bo+ G1 — t1 [Y1 + 10 (Bo + Fo)], ()
BZZ(1+1’1)31+G2*t2 [Y2+1’1 (B1+Fl)] =0. (g)

Using (f)-(g), we find that the consolidated government budget con-
straint is:

G
Gi+———— = [1 1—t)]Bg+t Y a
1+1+r1(1—t2) (1470 ( 1)] Bo + t1 [Y1 + roFo]
tr [Yo + 11 F]
T+n(-h) (b}

Next we look at the solvency condition faced by the nation as a
whole. National solvency follows automatically from the fact that
both households and the government are solvent economic agents.
We note from (a) that F; = A; — B;. By substituting (b)-(c) and (f)-
(g) into this expression we can derive expressions for the path of net
foreign assets in the two periods:

FE = A+r)kh+Y1—-C -Gy, (i)
5 = (1+71)F1+Y2—C2—G2:0. (])

Eliminating F; from these expressions we find the national budget
constraint:

My

1 FE=M ,
(1+ry) F 1+1+r1

(k)

where M; = C; 4+ G; — Y; is net imports, i.e. domestic consumption
minus domestic production of goods. To the extent that the nation
initially possesses net foreign assets (Fy > 0) it can afford to be a net
importer of goods in present value terms.
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Figure A

In Figure A, the broken line NBCj4x represents the maximum at-
tainable private consumption bundles implied by the national bud-
get constraint in the hypothetical case that the government does not
consume anything (i.e. G; = 0). It is the maximum size of the na-
tional cake available for private consumption. The actual national
budget constraint with positive levels of government consumption
is denoted by NBC.

Now consider the usual Ricardian experiment of a tax cut in the
current period (dt; < 0), matched by a tax increase in the future
(dt; > 0). Assume for simplicity that initially the future tax is zero,
i.e. tp = 0. In that case the household budget constraint (d), denoted
by HBCj in Figure A, coincides with the national budget constraint,
NBC. The household chooses the consumption point Ey, which is at
the intersection of HBCy and the implicit Euler equation (e).

The Ricardian experiment leaves that national budget constraint
(k) unaffected but changes both the intercept and the slope of the
household budget constraint (d). The tax increases the relative price
of future consumption and the household chooses the consumption
point E;. Of course, by definition E; must be located on both the na-
tional budget constraint, NBC, and the new household budget con-
straint, HBC;. The Ricardian experiment is not neutral because cur-
rent consumption increases and future consumption falls. The future
tax distorts the savings decision and creates a welfare loss for the
household. Expressed in terms of future consumption, the welfare
loss is given by the vertical distance between the dashed line through
E’ and the HBC; line.

o434
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Figure 5.2: Liquidity restrictions and the Ricardian experiment

5.1.3 Borrowing restrictions

In the basic case we have assumed that households can borrow/lend at the same
rate of interest as the government. In practice this is unlikely to be the case, as is
evidenced by the prevalence of credit rationing of young agents with high earning
potential but no tangible appropriable collateral (slavery is not allowed, so future
labour income typically cannot serve as collateral). Furthermore, households are
more risky to lend to than (stable) governments, suggesting that the former may pay
a larger risk premium than the latter. It turns out that borrowing restrictions can
invalidate the Ricardian equivalence proposition.

For simplicity we return to the basic model (with exogenous labour supply) and
assume that a household is unable to borrow altogether but can lend money at the
going interest rate r1. In the case discussed so far, this would be no problem because
the household chose to be a net lender in the first period. Let us now augment the
scenario by assuming that income is low in the first period and high in the second
period. This case has been drawn in Figure 5.2. The income endowment point is
E}, and the optimal consumption point in the absence of borrowing restrictions is ES.
This point is not attainable, however, since it involves borrowing in the first period,
which is by assumption not possible for the household. The effective choice set is
consequently only AEE{C?O and the optimal consumption point (C,C)) is at the
kink in the budget line (at point E}).

If we now conduct the Ricardian experiment of a tax cut in the first period matched
by a tax increase in the second, the income endowment point shifts along the unre-
stricted budget line AB, say to point Ef. As a result, the severity of the borrowing
constraint is relaxed and the optimal consumption point (C}, C}) is at point E{ . The
effective choice set has expanded to AE) C}0 and real consumption plans (and house-
hold utility) have changed for the better.
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Figure 5.3: Overlapping generations in a three-period economy

Obviously, a similar story holds in the less extreme case where the borrowing rate
is not infinite (as in the case discussed here) but higher than the rate the government
faces. In that case the budget line to the right of the income endowment point is not
vertical but downward sloping, and steeper than the unrestricted budget line AB
(see the dashed line segments). As a result, the Ricardian experiment still leads to an
expansion of the household’s choice set and real effects on the optimal consumption
plans.

5.1.4 Finite lives

Everybody knows that there are only two certainties in life: death and taxes. Hence,
one should feel ill at ease if Ricardian equivalence only holds if households live for-
ever. In the example discussed so far, households, the government, and the entire
economy last for two periods, which effectively amounts to saying that, like the
government, the household has an infinite life. Suppose that we change the mo-
del slightly by introducing two households, that each live for only two periods, and
that the government and the economy last for three periods. The old household lives
in periods 1 and 2, whilst its offspring, the young household, lives in periods 2 and
3. The structure of the overlapping generations is drawn in Figure 5.3.

We describe the old generation first. They are assumed to possess the following
lifetime utility function:

VO =InCP + Loy CO +avV¥, >0, (5.38)
1+p
where the superscript “O” designates the old generation, and “Y” the young gener-
ation. Equation (5.38) says that if « > 0, the old generation loves its offspring, in the
sense that a higher level of welfare of the young also gives rise to a higher welfare
of the old. The old can influence the welfare of the young by leaving an inheritance.
Assume that this inheritance, if it exists, is given to the young just before the end of
period 2 (see Figure 5.3). The inheritance is the amount of financial assets left over
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at the end of the old generation’s life, i.e. AY. Clearly, it is impossible to leave a
negative inheritance, so that the only restriction is that A9 > 0.
The consolidated budget restriction of the old generation is derived in the usual
fashion. The periodic budget restrictions are:
AD = (14+19)AS + (1 —t)YP —C?, (5.39)
A9 = (1+m)AY + (1 —h)Y9 - C9, (5.40)

from which A? can be eliminated to yield:

CP + A9
1+n

(1-t)YY

= 0O, 5.41
1+n ( )

¥ + = (1+7)AS + [(1—t)YP +

where QO is total wealth of the old generation, and the term in square brackets is
human wealth of the old generation denoted by H. Equation (5.41) says that the
present value of consumption expenditure (including the bequest to the young) dur-
ing life must equal total wealth. In order to determine the appropriate size of the
bequest, the link between the size of the inheritance and lifetime utility of the young
generation must be determined, i.e. we must find the relationship between V¥ and
A9, which we write as V¥ = ®(A9).

By assumption the young generation has no offspring (presumably because “the
end of the world is nigh”), does not love the old generation, and hence has the stan-
dard utility function which only depends on own consumption levels:

1
VY =InC) + o InCY. (5.42)

Its consolidated budget restriction is derived in the usual fashion. The periodic bud-
get restrictions are:

Ay =(1-h)Yy -G, (5.43)
AY = (14r) [AQ+ A + (1 - 1)¥) — ) =0, (5.44)
from which AJ can be eliminated to yield:

G
1+

oy, =Y
(1—t)Yy + 171, =0, (5.45)

G+ = A9+

where QY is total wealth of the young generation, and the term in square brackets is
the human wealth of this generation denoted by HY.

The optimal plan for the young generation is to choose CJ and Cg such that (5.42)
is maximized subject to (5.45). The solutions are similar to those given in (5.16):

_1+p % CY—1+72QY,

G =, ST 2+4p

5.46
2+p (5:46)

By substituting these optimal plans into the lifetime utility function (5.42), we obtain
the expression relating optimal welfare of the young generation as a function of the
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exogenous variables, including the inheritance AZO:

Vyzln(1+p) + L ln<1+r2>—0—2+plnﬂy

2+p 1+4+p 2+p 1+p
_ 2+p 0, 1Y) — 0
=@+ ln <A2 T H ) = ®(AY). (5.47)

Clearly, the marginal utility (to the young) of a bequest is positive and equal to:

vy 2+p
449~ (1+p) [A + HY]

> 0. (5.48)

Now that we know the functional form of ®(AS), we can return to the decision
problem faced by the old generation. This generation is aware of the relationship
given in (5.47), and uses it in the decision regarding its own optimal plan. Hence,
the old generation chooses C?, Cg , and Ag) such that (5.38) is maximized subject to
(5.41), (5.47), and the inequality restriction Ag > 0. The first-order conditions are
obtained by postulating the Lagrangian:

czlnco+ilnco+zxq>(Ao)+A QO—CO—M (5.49)
I I Rt 2 1 1+r |’ '
so that the first-order conditions are:
oL 1
= _—)A=0, 5.50
ocY  c¥ (5.50)
J 1 A
EO = 5 - =0, (5.51)
aCcY  (1+p)CQ 1+n
oL avy A oL
5= |a—75— <0, A§>0, AP —5=0. (5.52)
DAS dAS 14+nr 0A;

(The fourth condition, dL/dA = 0, yields the budget restriction (5.41).) Equation
(5.52) is the Kuhn-Tucker condition for the optimal inheritance A(ZJ that must be
used because of the inequality restriction (see e.g. Chiang (1984, ch. 21) and the
Mathematical Appendix). The mathematical details need not worry us at this point
because the economic interpretation is straightforward. If « = 0 (unloved offspring),
then equation (5.52) implies that 9L /0AS = —A/(1 +r1) < 0 (a strict inequality, be-
cause (5.50) shows that A =1/ C? > 0) so that Agaﬁ/ 0AS =0 implies also A9 =0.
In words, no inheritance is given to offspring that is unloved. More generally, if & is
so low that 9£/0AS < 0, giving an inheritance would detract from the old genera-
tion’s lifetime utility, which means that the inheritance is set at the lowest possible
value of A9 = 0. Weakly loved offspring also does not receive an inheritance!
Hence, a positive inheritance implies that the first expression in (5.52) holds with
equality. Using (5.48) it can then be written as:
oL - a(2+p) A 1

= (5.53)

A9 >0 = — =0 = ,
2 IAQ (1+p) [AQ+HY] 141 (1+p)C9

where we have also used (5.51) in the final step. It follows that A9 = (2 + p)CS —
HY. Furthermore, (5.50)-(5.51) can be combined to yield the familiar Euler equation
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for consumption.

o= 1tnco

g =1, (5.54)

By using (5.41), and (5.53)-(5.54), the solutions for optimal consumption and the (pos-
itive) inheritance can be solved:

o (1+p) [Q° + HY/(1+1)]

= T , (5.55)
o  (1+r)Q°+HY
40 = 1 +n)Q° - HY (5.57)

14+a

These results are intuitive. First, if a is very large (unbounded love for the offspring)
the old generation consumes next to nothing, and the inheritance approaches its
maximum value of (1 + r1)Q°. Second, if there is a lot of growth in the economy,
HY is high and the young have high human wealth. This means that the marginal
utility of bequests falls, so that the inheritance is reduced (0AS /0HY < 0). Since
the offspring is wealthier, the old generation consumes more in both periods of life
(@C9/0HY > 0and oCS /oHY > 0).

It can now be demonstrated that, provided the optimal bequest stays positive,
Ricardian equivalence holds in this economy despite the fact that households have
shorter lives than the government. The government budget restriction is now:

Go Gs o hYP+Y))
1+79)Bo+ G1 + + = hYy +—F—=
( 0)Bo+ G 1+r1 (14r)(14r) i 1+n

f3Y3¥

— (558
+(1+r1)(1+r2) (5:58)
Consider the following Ricardian experiment: the government reduces the tax rate
in period 1 (dt; < 0) and raises it in period 3 (dt3 > 0), such that (5.58) holds for an
unchanged path of government consumption, i.e.:

0 Yy
=Y _— 1 - . .
0 Tdty + A+m) A1r) dts, (balanced-budget) (5.59)

What do (5.55)-(5.57) predict will be the result of this Ricardian experiment? Clearly,
from (5.55) we have that:

(1+4p) [dQ° + (1/(1+11))dHY]

dcy = . 5.60
1 (2+p)(1+a) (5:60)

But (5.41) predicts that
d0° = —yPdt; >0, (5.61)

and (5.45) says that

Y

Y
y 13 _ o)
AHY = — =2ty (147)YOdt, (5.62)
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where we have used (5.59) to relate dt; to dt;. Hence, it follows from (5.61)-(5.62)
that dQ° + (1/(1 4 r1))dHY = 0, and (5.60) is reduced to:

dcy9
=0 (5.63)

and, of course, also (by (5.56)):

dc9
G =0 (5.64)

The Ricardian experiment does not affect the consumption plans of the old genera-
tion at all! What is the intuition behind this result? The answer is found by totally
differentiating equation (5.57) and noting (5.61)-(5.62):

a(14r)dQ° — dHY
14+«
—a(l4+r)Y? —(1+r)

2%
= T+ a Lty = —(1+r)Y2dt > 0. (5.65)

dAS =

The entire tax cut is simply added to the inheritance. In period 1 the old generation
buys government bonds (that have just been emitted by the government to finance
its deficit, hence no upward pressure on the interest rate!) on which it receives in-
terest. The additional bonds plus interest are added to the inheritance so that the
young generation is able to meet its higher tax bill. Equations (5.45)-(5.46) and (5.65)
therefore predict that the consumption of the young generation is unchanged as well.

Y _ 0 Y3
QY =dAY — 1+r2dt3
Yy YO(1+7r1) (1+412)
_ _ O4, 13 N 1 2 _
— (1 + T1)Y1 dtq 1+n Yg dty 0, (566)
which implies that
dCy =dcy =o. (5.67)

In conclusion, the fact that individual lives are finite does not mean that Ricardian
equivalence automatically fails. Provided future generations are linked to the cur-
rent generation through a whole chain of operative bequests, the unbroken chain
of connected generations ensures that Ricardian equivalence holds. Of course, once
a single link of the chain snaps (zero bequests, childless couples), generations are
no longer linked and Ricardian equivalence does not hold in general. Leaving no
inheritance is the optimal strategy if the degree of “altruism” « is low, or if future
income growth is high.* Students should test their understanding of this material by
showing that Ricardian equivalence also fails, even if there are positive inheritances,
if there is an inheritance tax that is varied in the experiment.

“Barring transfers in the opposite direction, i.e. from child to parent.
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5.1.5 Some further reasons for Ricardian non-equivalence

A further reason why Ricardian equivalence may fail is the occurrence of net popula-
tion growth, by which we mean the future arrival of new agents that are not connected
via operational bequests to agents who are currently alive. Intuitively, the burden of
future taxation is borne by more shoulders, so that the burden per capita is lower for
future generations than for current generations. Hence, one expects real effects from
a Ricardian experiment that shifts taxation to the future. (We demonstrate this with
a formal model in Chapter 14 below.)

A fifth reason why Ricardian equivalence may fail has to do with issues such as
irrationality, myopic behaviour, and lack of information. Households may not be as
farsighted and rational as we have assumed so far, and may fail to fully understand
the implications of the government budget restriction. Furthermore, they may sim-
ply not have the cognitive power to calculate an optimal dynamic consumption plan,
and simply stick to static “rule of thumb” behaviour like “spend a constant fraction
of current income on consumption goods”.

A sixth reason why Ricardian equivalence may fail has to do with the “bird in
the hand” issue. A temporary tax cut, accompanied by a rise in government debt,
acts as an insurance policy and thus leads to less precautionary saving and a rise
in private consumption (Barsky et al., 1986). The main idea is that the future rise
in the tax rate reduces the variance of future after-tax income, so that risk-averse
households have to engage in less precautionary saving. A temporary tax cut thus
has real effects, because it is better to have one bird in the hand than ten in the air.
This critique of Ricardian debt equivalence relies on the absence of complete private
insurance markets. A related reason for failure of debt equivalence is that people are
uncertain of what their future income and thus also what their future bequests will
be (Feldstein, 1988). People may thus value differently, on the one hand, spending a
sum now, and, on the other hand, saving the sum of money and then bequeathing.

Finally, a frequently stated but incorrect “reason”. A popular argument is that
government debt matters in as far as it has been sold to foreigners. The idea is that
in the future our children face a burden, because they have to pay higher taxes in
order for the government to be able to pay interest on and redeem government debt
to the children of foreigners. A rise in government debt is thus thought to constitute
a transfer of wealth abroad. However, the original sale of government debt to for-
eigners leads to an inflow of foreign assets whose value equals the present value of
the future amount of taxes levied on home households which is then paid as interest
and principal to foreigners. Hence, this critique of Ricardian debt equivalence turns
out to be a red herring.

5.1.6 Empirical evidence

The Ricardian equivalence theorem has been the subject of many empirical tests ever
since its inception by Barro (1974). Much of the relevant literature was surveyed
by Bernheim (1987) and Seater (1993). There is a substantial part of the empirical
literature that finds it hard to reject the Ricardian equivalence theorem. Nevertheless,
the jury is still out as solid tests with microeconomic data still have to be performed.
Even though Seater (1993) concludes that debt equivalence is a good approximation,
Bernheim (1987) in his survey comes to the conclusion that debt equivalence is at
variance with the facts. Even though debt equivalence is from a theoretical point
of view invalid and according to most macroeconomists empirically invalid as well,
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one might give the supporters of Ricardian debt equivalence, for the time being,
the benefit of the doubt when they argue that the Ricardian proposition is from an
empirical point of view not too bad. Hence, in the following section we see what role
there is for government debt if Ricardian equivalence is assumed to hold.

5.2 The theory of government debt creation

Is there any role for government debt if it barely affects real economic outcomes
such as investment and consumption? According to the neoclassical view of public
finance, there is still a role for government debt in smoothing intratemporal dis-
tortions arising from government policy. In particular, government debt may be
used to smooth tax and inflation rates and therefore private consumption over time.
Such neoclassical views on public finance give prescriptions for government bud-
get deficits and government debt that are more or less observationally equivalent to
more Keynesian views on the desirability of countercyclical policy. After a simple
discussion of the intertemporal aspects of the public sector accounts, we review the
principle of tax smoothing. In the light of this discussion we are able to comment on
the golden rule of public finance.

5.2.1 A simple model of tax smoothing

Assume that the policy maker can only raise revenue by means of a distorting tax
system (e.g. labour taxes). Assume furthermore, that there are costs associated with
enforcing the tax system, so-called “collection costs”, and suppose that we can mea-
sure the welfare loss of taxation (L) as a quadratic function of the tax rates (t; and
t7), and a linear function of income levels in the two periods (Y7 and Y>).

, (5.68)

where p, is the (policy maker’s) political pure rate of time preference. We continue
to assume that household income is exogenous. The government budget restriction
is augmented somewhat by distinguishing between consumption and investment
expenditure by the government, denoted by G¢ and G., respectively (t = 1,2). In-
stead of equations (5.6)-(5.7) we have:

(Dl E) roBo + Glc + G{ —t1Y1 = By — By, (5.69)
(Dy =) 1B+ GS —RL — )Y, = B, — By = —By, (5.70)

where R} is the gross return on public investment obtained in period 2, so that the

rate of return rlc can be written as:

Rl =1 ++%)G! & S = (5.71)
Obviously it makes no sense for the government to invest in period 2 since the world
ends at the end of that period (hence Gé = 0). Note furthermore that (5.69)-(5.70)
also imply the following relationship between the deficits in the two periods and the
initial debt level:

Dy + D, + By = 0. (5.72)
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To the extent that there is an initial debt (By > 0), the sum of the deficits in the two
periods must be negative (i.e. amount to a surplus). The consolidated government
budget restriction can be obtained in the usual fashion:

HY, + (1 (€Yl yel®
By = (1+r0)Bg+Gi +Gj —hY; = 212+ (1 417)G 2

1+7n
Gy | (n—17)G] trY2
E1 =] (1+19)Bo + Gf 2 L —yY , 5.73
[E1 =] (1+70)Bo+ (LA T RER (5.73)
where Z; is the present value of the net liabilities of the government. We imme-
diately see the golden rule of government finance: as long as r® = ry, government

investment expenditure can be debudgeted from the government budget constraint.
In words, public investments that attain the market rate of return do not give rise to
a net liability of the government and hence do not lead to present or future taxation.
They can be financed by means of debt without any problem.

Intermezzo 5.3

Welfare loss of taxation. In this intermezzo we compute the welfare
loss of a labour income tax. We use a simple static model and show
that this loss is (approximately) quadratic in the tax rate. The exam-
ple is meant to clarify and motivate the form of the objective function
of the policy maker as it is postulated in equation (5.68) in the text.

The representative household has a Cobb-Douglas utility func-
tion featuring consumption, C, and leisure, 1 — N:

U=C(1-N)""%, o0<e<1, (a)
where U is utility. The household budget constraint is given by:
PC—(1-t)WN =0, (b)

where P is the price of the consumption good and W is the before-tax
rate. The labour income tax is given by t, so W = (1 —t) W is the
after-tax wage rate. The key thing to note is that the household has
no non-labour income at all.

To study the welfare cost of the labour income tax we follow the
expenditure function approach of Diamond and McFadden (1974).
In formal terms, the expenditure function is defined in this case as:

E(P,W,Up) = {%?}PC—WN ‘ Uy = C (1— N)'™¢ (9)

= W+ (98 (ﬁ'g)l_g U. (d)

Expression (d) is obtained by using the Lagrange multiplier method
to solve the constrained minimization problem contained in (c) and
substituting the results for C and 1 — N back into the objective func-
tion, PC — WN. Intuitively, E(P,W,Uy) represents the minimum
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possible amount of spending on C and —N such that, at given prices
P and W, the utility level Uy is attained. Assume that in the initial sit-
uation there is no labour income tax, so that W = W. Obviously, since
there is no non-labour income, it follows that E(P, W, Uy) = 0. (If
there would be non-labour income, say equal to Y, then the budget
constraint (b) would be modified to PC — WN = Y and we would
have that E(P, W, Uy) = Yy.) Shephard’s Lemma is a very useful prop-
erty of the expenditure function. It says that the Hicksian (utility-
constant) consumption demand and labour supply are obtained by
differentiating the expenditure function with respect to the relevant

price:
_ 9E(P, W, Uy) e W\'°
D — —
CP(W/P,Uy) = = —(1€P> Up, ()
. dE(P, W, Uy) e W\ °©
S _ = il — —
N°(W/P,Up) = SR 1 (1_€P> Uy, (f)

where the superscripts “D” and “S” stand for, respectively, demand

and supply.
_ © U
wiP
N C=wN
a b o E
o 3 NS c
E
- JE - G e L c=@-hoN
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Labour is assumed to be the only factor of production. The per-
fectly competitive representative firm faces the constant returns to
scale production function, Y = wgN, where wj is a positive constant.
Profit maximization yields a horizontal labour demand function, i.e.
the demand price of labour is:

W
? - CUO, (g)

and excess profit is zero (thus rationalizing the absence of non-
labour income for the representative household). The situation on
the labour market has been illustrated in Figure A, where N} is the
initial labour demand curve and N°® is the Hicksian labour supply
curve. Since there is no tax initially, the market clearing real wage
rate equals wp and the equilibrium occurs at point Ey.

Now consider the situation in the presence of a positive labour
income tax, t. Since the after-tax wage to consumers is plotted on
the vertical axis, labour demand is now given by NP and W/P =
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(1 —t) wp. In a Hicksian sense, labour market equilibrium occurs at
point E1, where employment is equal to N;. We define the Hicksian
tax revenue, expressed in units of the consumption good, as:

T(t,wo, UO) = twoNy = ta)ONS((l = t) wy, Uo). (h)

This tax revenue is represented by the area abE;c in Figure A. The
welfare loss due to the tax is measured by the area aEgE;c:

welfare loss

wo
/( N5 (s, Up)ds

l*t)wo

“ o h £ ) e
/(1—f)w0 - (1 - 8) T
B 1 € o 1—¢ -
= fCU()—(S> <1_£> UO[l—(l—f) }

E(l, (1 = t) wy, Uo) = E(l, wy, Uo)
— E(l, (1 — t) wo, UO), @)

ds

where we have set P = 1 in the various expressions because the con-
sumption good acts as the numeraire commodity. In going from the
third to the fourth third line we have used the fact that E(1, wg, Up) =
0 (see above). The welfare loss thus represents the amount of lump-
sum income one would have to give the representative household in
order to attain the initial utility level Uy at the tax-inclusive real wage
rate, (1 —t) wg. We can now follow Diamond and McFadden (1974,
p. 5) and define the Excess Burden (or Deadweight Loss) associated
with the tax as follows:

EB = E(l, (1*f) wy, U()) — T(t,a)o, UO). (])

Intuitively, the excess burden measures the difference between the
amount needed for compensation of the household and the revenue
that is collected from the household.

The excess burden can be represented graphically with the aid of
Figure B. In that figure, the indifference curve is given by:

C=(1-N)E /eyl ®)

and the pre-tax and post-tax budget lines are given by, respec-
tively, C = woN and C = (1 —t)woN. Clearly, the indifference
curve is upward sloping and convex, and labour supply cannot ex-
ceed unity. The initial equilibrium is at point Ey whilst the new
(compensated, utility-constant) equilibrium is at point E;. Point
E; is found by finding the point of tangency between the indif-
ference curve and a line parallel to the post-tax budget line. The
vertical intercept represents the expenditure needed to attain Uy
at the new after-tax wage rate, i.e. the line segment ac is equal
to E(1,(1 —t)wp, Uy). Note that, by construction, we have that
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E(1,(1—1t)wp, Uy) = C; — woNy + T(t, wp, Up). Next we draw a line
through point E; that is parallel to the initial budget line. This line
has the general form C = z + woN. Since this line passes through
the new compensated equilibrium point (Cy, N7 ), we must have that
z = E(1,(1—t)wo, Uy) — T(t,wp, Up). It thus follows that the line
segment bc in Figure A represents the excess burden of the tax,
whereas the line segment ab is the compensated tax revenue.

It remains to derive the relationship between the excess burden
and the tax rate. By using (d), (f), (h), and (j) we find after some
manipulation that:

€ 1-¢
EB= —wp+ (%) <1“f€> Uof (1), 0
where f () is defined as:
F(t) = é:jig, for0<t<1. (m)

It is straightforward to find that f (0) = 1, ' (0) = 0, and " (0) =
e (1 —e¢), so a quadratic approximation of f (f) around t = 0 gives
f(t) ~ 1+ e (1 —¢) t2. Using this result in (1) yields:

() (2 s

= E(1,wo, Up) + 1—€)<1_8)
= (1-9Y, (n)

EB

Q

where we have used the fact that E(1, wg, Up) = 0 in going from the

first to the second line, and Cyp = Yp = (12) "¢ Uy in going from the
second to the third line. The ultimate expression in (n) shows that

the excess burden is quadratic in the tax rate and linear in output.

EE st

The (exogenously given) growth rate of income in this economy is defined as
v = (Y2 —Y;) /Yy, so that we can write Y, = (1 + 7)Y3, and everything can be
written in terms of Yj. Specifically, the consolidated budget constraint (5.73) can be
rewritten as:

1+
1+n

=Cy, (5.74)

where §; is net government liabilities expressed as a share of income in the first
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period:
1_Y1 Y; 1+ 1 1+ 1 OY1
1+ r—r¢
= gC LS+ ey (14 1)y, (5.75)

1+1%2 " 1+n

where gg = GE/YT, g{ = G{/Yl, and by = By/Y;.

The policy maker is assumed to minimize the welfare loss due to distortionary
taxation, subject to the revenue requirement restriction (5.74) and taking as given ;.
The Lagrangian is:

14 1+
—1p2 1 2 -
L= 2t1Y1+21+th2Y1+)\ ¢ —t 1+1’1t2 , (5.76)
so that the first-order conditions are:
oL
= N 77
ah Y1 —A =0, (5.77)
oL 144« 1+
— = Y] — A =0, 5.78
8t7_ 1+ POg 201 141 ( )

and the third condition, 0£/9dA = 0, yields the revenue requirement restriction
(5.74). By combining (5.77)-(5.78), the Euler equation for the government’s optimal
taxation problem is obtained:

141
1+pg

1+
Y] =t = 1 +if

A=HY; = . (5.79)

This expression is intuitive: a short-sighted government (o greater than r;) would
choose a low tax rate in the current period and a high one in the future (t; > t;). In
doing so, the “pain” of taxation is postponed to the future. The opposite holds for
a very patient policy maker. This is called the tax-tilting effect by Ghosh (1995, p.
1034).

Equations (5.74) and (5.79) can be combined to solve for the levels of the two tax
rates:

_ (1+r)%
AP At pe) (550
b — (14+p5) (1 +71)8q (5.81)

(I+7r)2+ (1471 +pg)

where the optimal path for government debt is also implicitly determined by equa-
tions (5.80)-(5.81). We observe that the existing debt, By, exerts an influence on the
optimal tax rates only via ;. In that sense it is only of historical significance: the debt
was created in the past and hence leads to taxation now and in the future. The opti-
mal taxation problem is illustrated in Figure 5.4. The straight line through the origin
is the Euler equation (5.79), and the downward sloping line is the revenue require-
ment line (5.74). The concave curves are iso-welfare loss curves (i.e. combinations
of t; and t, for which Lg is constant, or dLg = 0). The closer such a curve is to the
origin, the smaller is the welfare cost of taxation. The given revenue is raised with
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Figure 5.4: Optimal taxation

the smallest possible welfare loss at the point of tangency between a given revenue
requirement line and an iso-welfare loss curve. This happens at point E.

A special case of the tax-smoothing theory is obtained by assuming that r; = p.
In that case, the tax-tilting effect is absent and (5.80)-(5.81) predict that the two tax
rates are equal in the two periods:

1—'—1’1

h=th=_—— 11
T 2ty

C1- (5.82)
Debt is used to keep the tax rates constant (perfectly smoothed over time), hence the
name “tax smoothing”.

In order to facilitate the graphical interpretation of the tax smoothing optimum,
we use equation (5.69) and express the deficit in the first period in terms of national
income in that period:

Dy roBo+GY+ Gl -1y
d; = 711 = 1 Y, 1 = robo +glc +g{ —h. (5.83)

Similarly, in view of (5.72), the adding-up constraint can be written as di + (1 + ) dp +
by = 0, so that the deficit in the second period satisfies:

. bo + dq
dy = T4 (5.84)

where dy = D;/Y,. We can now define the spending point as that (t1, t;) combination
along the revenue requirement line for which d; = 0. As is clear from (5.83), the first-
period tax exactly covers government spending on goods and interest payments in
the first period. For points along the revenue requirement line that lie south-east
from the spending point, the first period tax is more than high enough to cover first-
period spending and, as a result, there is a first-period surplus (d; < 0). The opposite
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Figure 5.5: Optimal taxation and tax smoothing

holds for points north-west of the spending point. In Figure 5.5 it assumed that the
spending point is at E5. Since the optimal taxation point E] lies north-west from the
spending point Ej, there is a first-period deficit.

With the aid of this simple model a number of “rules of thumb” can be derived for
the government’s finances. First, as was mentioned above, government investment
projects earning a market rate of return can be financed by means of debt. Second,
consumption spending and losses on public investment projects should be financed
by means of taxation. Third, tax rates should be smoothed as much as possible to
minimize the welfare loss due to taxation. Fourth, a temporary rise in government
consumption (i.e. an increase now that is exactly offset by a decrease in the future)
may be financed by means of debt. Formally, a temporary increase does not raise the
revenue requirement of the government, so that the revenue requirement line stays
put (Note that ¢ is constant since, by construction, (1+ r;)dgt = — (14 ) dgS so
that d¢; = 0). In terms of Figure 5.5, the spending point moves from Eg to Ef, the
optimal taxes remain unchanged, and the temporary increase in government spend-
ing is accommodated by an increase in the deficit (and hence debt) in the first period.
This is a neoclassical policy prescription that looks a lot like old-fashioned Keynesian
countercyclical policy. During (temporary) recessions there is no harm in letting the
debt increase a little bit. Fifth, if it appears that the government’s spending level has
permanently increased (d¢; > 0), both tax rates should be increased immediately. For
example, if we know that unemployment has permanently increased (and not due to
a recession), taxes should be increased in order to finance the additional unemploy-
ment benefits. Sixth, if the government credibly announces that it is permanently
lowering government spending, tax rates should be lowered immediately. This is a
so-called “balanced decline” of the public sector. Seventh, if the government credibly
announces that it will lower its consumption spending in the future (dgS < 0), then
both tax rates should be lowered immediately. In terms of Figure 5.4, the revenue



CHAPTER 5: THE GOVERNMENT BUDGET DEFICIT 143

requirement line shifts down and to the left, and the spending point moves from
E5 to ES directly below it. The deficit in the first period (and hence debt) increases
as a result. Indeed, equations (5.82), (5.75), and (5.83) in combination predict that
ddy/dgs = —dt,/dgS = —(1+7)/ (24711 +7) <O0.

In Chapter 10 we shall return to the issue of debt management and the nation’s
finances. We do this in the context of models in which the political process is made
endogenous, the so-called “endogenous politicians” or New Political Economy ap-
proach to macroeconomics. In that context it is much more natural to discuss the
otherwise “hard to swallow” debt and deficit norms agreed upon by members of
the European Community in the Maastricht Treaty. For those who cannot wait, the
article by Buiter, Corsetti, and Roubini (1993) makes excellent reading.

5.3 Punchlines

In this chapter two concepts, both relating to the government budget constraint, are
introduced and analysed, namely the so-called Ricardian equivalence theorem (RET)
and the theory of tax smoothing.

Starting with the first of these, the RET can be defined as follows. For a given
path of government spending, the particular financing method used by the government
(bonds or taxes) does not matter. More precisely, when the RET is valid, the financing
method of the government does not affect real consumption, investment, output,
and welfare and government debt is seen as a form of delayed taxation. It must be
stressed that the RET is not a statement about the effects of government consumption
but rather deals with the way these expenditures are paid for by the government.

The intuition behind the RET is quite simple. If the government cuts taxes today
and finances the resulting deficit by means of debt, then households will realize that,
since total resources claimed by the government have not changed in present value
terms, eventually the tax will have to be raised again sometime in the future. To
ensure that it will be able to meet its future tax bills, the household reacts to the tax
cut by saving it. The tax cut does not affect the lifetime resources available to the
households and thus does not affect their consumption plans either.

Although the RET was not taken seriously by David Ricardo himself, it was (and
still is) taken seriously by most new classical economists. A lot of objections have,
however, been raised against the strict validity of the RET. First, if the Ricardian
experiment involves changing one or more taxes which distort economic decisions
(for example, because labour supply is endogenous and reacts to the timing of taxes)
then RET will fail. Intuitively, the lifetime resources available to the households will
in that case depend on the particular time path of taxes and not just on the present
value of taxes.

Second, if the household is unable to borrow freely, for example because future
labour income cannot be used as collateral, then RET fails. Again, the reason for this
failure is that the household choice set (and the severity of the household’s borrow-
ing constraints) is affected by the time path of taxes chosen by the government.

Third, if households have finite lives whilst the government (and the economy as
a whole) is infinitely lived, RET may or may not be valid. It turns out that it matters
whether the overlapping generations which populate the economy are altruistically
linked with each other or not. Generations are altruistically linked if they care about
each other’s welfare (like children caring for their parents or vice versa). In the ab-
sence of intergenerational altruism, the RET fails. Intuitively, a tax cut now matched
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(in present value terms) by a tax hike later on will make present generations wealth-
ier and future generations poorer. With intergenerational altruism it is possible that
the RET holds because transfers between generations will take place. Intuitively, a
tax cut today will be passed on to future generations in the form of an (additional)
inheritance.

Other objections to the RET relate to net population growth, informational prob-
lems (irrationality, myopia, and lack of information), and the so-called “bird in the
hand” fallacy. The upshot of the discussion is that there are ample theoretical reasons
to suspect that the RET is not strictly valid. Unfortunately, as is often the case, the
empirical evidence regarding the approximate validity of the RET is inconclusive.

Even if one is willing to assume that the RET is valid, this does not mean that
public debt has no role to play in the economy. Indeed, according to the theory of
tax smoothing the government can use public debt to smooth its tax rates over time.
To the extent that these tax rates are distorting the behaviour of private agents, tax
smoothing is socially beneficial because it minimizes the distortions of the tax sys-
tem as a whole. A number of intuitive “rules of thumb” follow from the theory.
First, government investment projects earning the market rate of return do not rep-
resent a net claim by the government on private sector resources and thus can be
financed with government debt. Second, government consumptive spending (in-
cluding losses on public investment programmes) should be financed by means of
taxes. Third, tax rates should be smoothed and not display large fluctuations over
time. Fourth, temporary spending shocks can be financed with debt but permanent
shocks should be financed with taxes.

Further reading

Although he did not use the term as such, the notion of Ricardian Equivalence was
introduced to modern macroeconomists by Barro (1974). Buchanan (1976) coined the
term Ricardian Equivalence Theorem, and O’Driscoll (1977) documents Ricardo’s
own misgivings about the result that is now known under his name. For good sur-
vey articles on Ricardian equivalence, see Bernheim (1987) and Seater (1993). Bern-
heim and Bagwell (1988) are very critical of the dynastic approach used by Barro and
argue that it should not be used to study the effects of public policies. They take the
altruistic approach as given, and demonstrate that there will be strong inter-family
linkages in such a setting (due to marriages, etcetera). This in turn will produce neu-
trality results that are unrealistically strong (such as the equivalence of distorting
taxes and lump-sum taxes, and the inability of governments to engage in redistribu-
tion). Arguing backwards, they conclude that there must be something wrong with
the dynastic approach itself.

The earliest contributions to the macroeconomic theory of tax smoothing are by
Prescott (1977) and Barro (1979a). Subsequent contributions to the literature in-
clude Lucas and Stokey (1983), Kingston (1984, 1991), Roubini (1988), Huang and
Lin (1993), Ghosh (1995), and Fisher and Kingston (2004, 2005). As was pointed out
by Sargent (2001), in a stochastic framework the optimal time path of taxes depends
critically on whether or not the government is able to issue state-contingent debt.
Whereas the tax smoothing literature typically assumes government spending to be
exogenous, Judd (1999) presents an interesting analysis of the joint determination of
optimal taxation and spending in a deterministic setting.

Readers interested in the various issues surrounding the government budget con-
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straint and the deficit are referred to Buiter (1985, 1990). The intertemporal con-
sumption model used in this chapter is due to Fisher (1930). See Deaton (1992) and
Attanasio (1999) for recent surveys of intertemporal consumption theory.
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Chapter 6

A closer look at the labour
market

The purpose of this chapter is to discuss the following issues:

1. What are some of the most important stylized facts about the labour market in
advanced capitalist economies?

2. How can we explain some of these stylized facts with the standard model of
the labour market used so far? How do these theories fall short of providing a
full explanation?

3. How does the tax system affect the macroeconomic labour market and which
side of the market ends up bearing the tax burden?

4. How can we explain real wage rigidity as the outcome of an implicit contrac-
tual arrangement between risk-neutral firms and risk-averse workers?

5. What do we mean by efficiency wages and how do they lead to equilibrium
unemployment?

6.1 Some stylized facts

The stylized facts about the labour market in advanced capitalist countries can be
subdivided into the two categories of time series evidence and cross-section informa-
tion. The main indicator of labour market performance is the unemployment rate.
Ever since the Great Depression of the 1930s this has been at the forefront of macro-
economic research. The following stylized facts about unemployment can be estab-
lished for most countries in the Western world (see, e.g. Layard et al., 2005, ch. 1).

Fact 1: The unemployment rate fluctuates over time In Figure 6.1 we plot the
unemployment rate for a number of regions and countries for the post-war period.!
As is evident from Figure 6.1(a), unemployment was relatively low and stable in the

I The data for 1955-1990 are taken from Layard et al. (2005, pp. 526-8). Subsequent data are gathered
from various issues of the OECD Employment Outlook. Where possible we make use of standardized
unemployment data.
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European Union of 15 countries (EU-15) up until the time of the first oil shock in
1973. After that, for about a decade the employment rate followed a steady trend
upward, peaking in 1985-1986 and again in 1993-1994. Unemployment in 2005 is
estimated to be 7.9% in the EU-15 (this amounts to 14.6 million people out of work!).
Unemployment in the United States seems to be hovering around 6% during that
same period, and in 2005 it stands at 5.1% (7.6 million people) (OECD, 2006, p. 21).

The unemployment experience in the US and the EU-15 differs markedly from
that in Japan and Sweden.? As is shown in Figure 6.1(b), until the early 1990s, the
latter countries have had a stable and low unemployment rate of around 2%. From
the 1990s onward, however, unemployment has risen gradually in Japan and rather
dramatically in Sweden. Finally, as is clear from Figure 6.1(c), the unemployment
experience in the United Kingdom looks very much like the EU-15 pattern whereas
Dutch unemployment has dropped off rather dramatically during the last few years,
reaching a low of 2.2% in 2001.

Fact 2: Unemployment fluctuates more between business cycles than within busi-
ness cycles In Figure 6.2 we plot the unemployment rate for the US and the United
Kingdom for extended periods of time.> The Great Depression truly deserves its
name, especially in the US. Unemployment was very high for a prolonged period
of time and peaked at close to 25%! Another thing to note is that, if unemployment
were purely a business-cycle phenomenon, one would expect a much more regular
pattern than the one observed in these figures. To put the same argument somewhat
differently, the time series of unemployment displays a lot of persistence; much more
than is consistent with the business cycle. To demonstrate this phenomenon, we fol-
low Layard et al. (2005, p. 77) and regress unemployment on its own lagged variable
and a constant. For the UK during the period 1856-2005 we find:

Uy =0.7139 +0.8561 U;,_1,  R*>=10.733, 6.1)
(2.83) (20.2)

whilst for the US during the period 1891-2005 we obtain:

U; = 09919 +0.8567 U;_1,  R?=0.735, (6.2)
(2.47) (17.7)

where Uy is the actual unemployment rate at time t and U is the unemployment rate
predicted by the regression equation. The numbers in parentheses are the estimated
t-statistics of the coefficient estimates and R is the coefficient of determination cor-
rected for the degrees of freedom (i.e. the sample proportion of the variability in
the dependent variable that is explained by the model). In both countries the coef-
ficient for lagged unemployment is high (and close to unity) and highly significant.
This suggests a lot of persistence in the unemployment time series. High persistence
implies that it takes a long time before the effects of a particular shock die out (see
below).

2We focus on the figures for Sweden because it is a representative member of the European Free Trade
Area (EFTA). Other member countries are Norway, Sweden, Finland, Austria, and Switzerland. Lack of
data have precluded us from constructing a consistent unemployment index for the EFTA countries. See
Lindbeck et al. (1994) and Ljungqvist and Sargent (2005) for discussions of the recent Swedish unemploy-
ment experience.

3The data for the period until 1993 have been taken from Mitchell (1998a, pp. 163, 165, 168-169) for the
United Kingdom and from Mitchell (1998b, pp. 112, 114) for the United States. The data for the period
1994-2000 have been taken from OECD (2001, Table 21) and OECD (2006, Table A).
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Table 6.1. The nature of unemployment

France Germany United Kingdom

In"  Out’ LTU® In" Out’® LTU" In" Out’  LTU*
1979 | 027 66 331 018 196 188 041 143 26.0
1988 | 0.33 57 446 026 63 462 068 95 43.0
1996 | 036 33 396 049 64 478 072 116 39.8
2005 | 033 45 425 046 41 540 061 172 22.4

Sweden Japan United States

In"  Out® LTU® In" Out® LTU° In" Out’  LTU*
1979 | 0.58 345 68 031 191 165 207 435 4.2
1988 | 040 304 149 037 172 206 198 457 74
1996 | 1.34 151 301 041 157 193 156 371 9.5
2005 | 1.33 174 189 051 151 333 139 359 11.8

Notes:

a: Monthly flow into unemployment (percentage of source population)

b: Monthly flow out of unemployment (percentage of source population)

c: Long-term (> 1 year) unemployment (percentage of total unemployment)
Source: OECD (1985, 1990, 2006)

Fact 3: The rise in European unemployment coincides with an enormous increase
in long-term unemployment Almost half of Europe’s unemployed have been un-
employed for more than one year. In Table 6.1, we show the unemployment compo-
sition for a number of major OECD countries for the years 1979, 1988, 1996, and 2005.
The column “In” measures the monthly inflow into unemployment, i.e. the number
of people who lose their job expressed as a percentage of the number of employed
people. The column “Out” measures the flow out of unemployment, i.e. the number
of people that find a job expressed as a percentage of the number of unemployed
people.*

The striking pattern that can be observed in Table 6.1 is that the inflow rates are
relatively similar in the two years, but that the outflow rate in the EC countries has
halved between 1979 and 1988! In words, the high unemployment level in the EC is
caused not so much by an increased probability of losing one’s job, but rather by a
reduction in the probability of finding a job when one is unemployed (Bean, 1994, p.
576).

The same pattern is observed in Table 6.2. Between 1979 and 1990, the total level
of unemployment has risen in most countries, but in the ten EC countries the rise in
long-term unemployment has been much larger than that in short-term unemploy-
ment. Comparing the situation in 1990 and 2005, we find that total and long-term
unemployment rates have increased dramatically in Germany and Japan whilst they

“Long-term unemployment data for 1979 were taken from OECD (1985). Inflow and outflow data for
1979 and 1988 were taken from OECD (1990). Using the formula given in OECD (1990, p. 13) and data
from OECD (2006) we computed the remaining observations for 1996 and 2005. See also OECD (1995, pp.
19-34) for a discussion of the difficulties one encounters when measuring unemployment flows.
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Table 6.2. Unemployment duration by country

2005 1990 1979

All Under Over | All Under Over | All Under Over

lyear 1 year lyear 1year 1year 1 year

Belgium 8.1 3.9 42 | 87 1.9 6.8 | 82 34 4.8
Denmark 49 3.6 13| 96 6.8 28 | 6.2 - -
France 9.9 5.7 42 | 89 5.4 35| 59 4.1 1.8
Germany 11.3 5.2 61| 50 2.6 24 | 32 2.6 0.6
Ireland 4.3 2.8 1.5 | 14.0 4.8 92| 71 4.8 2.3
Italy 7.8 3.7 411 79 24 55| 52 3.3 1.9
Netherlands(®) 5.0 3.4 16 | 76 3.8 38| 54 3.9 15
Portugal 8.1 42 39| 51 25 26| 48 - -
Spain 9.2 6.2 3.0 | 16.2 6.7 95| 85 6.1 24
United Kingdom 4.6 3.6 1.0 | 6.5 3.6 29 | 50 3.8 1.3
Australia 5.2 4.3 09| 6.8 5.2 16 | 6.2 5.1 1.1
New Zealand 3.8 34 04| 76 - -1 19 - -
Canada 6.8 6.1 07| 8.1 7.6 05| 74 7.1 0.3
United States 5.1 4.5 06| 55 5.2 03] 5.8 5.6 0.2
Japan 4.6 3.1 15| 21 1.7 04| 21 1.7 0.4
Austria 5.2 3.9 13| 33 2.9 04| 1.7 1.5 0.2
Finland 8.5 6.4 21| 34 2.8 06| 59 4.8 1.1
Norway 4.7 4.2 05| 53 4.7 06| 20 1.9 0.1
Sweden(®) 6.6 5.3 13| 16 15 01| 1.7 1.6 0.1
Switzerland 4.5 2.7 18] 1.8 - -1 09 - -

Note: (a) Data for 2004 have been used.
Source: Layard et al. (2005, p. 6) and OECD (2006, pp. 248, 267)

have decreased substantially in Ireland, Spain, and Denmark. We shall return to the
topic of unemployment duration in Chapter 8.

Fact 4: In the very long run unemployment shows no trend This fact has been
graphically illustrated in Figures 6.2(a)-(b). Although there are sharp peaks and deep
troughs, there does not seem to be any noticeable trend in the unemployment rate
for the US and the UK. This is all the more remarkable in view of the enormous
productivity gains that have been made in the last century and a half. Apparently,
the nineteenth century luddite fear of physical capital permanently pushing workers
into unemployment has proved unfounded.

More formally, and in terms of equations (6.1)-(6.2), the coefficient of the lagged
unemployment rate is high but less than unity. Ultimately, there are mechanisms at
work whereby unemployment returns to some average level. The convergence to
this average level is very slow, however, as can be demonstrated as follows. From
equations like (6.1)-(6.2) we can determine the long-term steady-state unemploy-
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ment rate U. First, we write the equations in general form as:
Ui = ao +aqU; 1, (6.3)

where w is the intercept and a7 is the coefficient for the lagged dependent variable.
Next we note that in the steady state, U; = U;_1 = U, so that it follows from (6.3)
that U = ap/ (1 — 7). Using the estimates from (6.1), for example, we find that U =
0.7139/ (1 — 0.8561) = 4.96% for the UK.® From (6.3) we can compute the adjustment
speed by solving the difference equation for U;. Suppose that the unemployment
rate at time f = 0 (the reference period) is equal to Uy. Then (6.3) can be solved by
repeated substitutions of the kind:

U, = wap+aly,
U = wag+a U =ag+n [DCO"‘DClUO}
U, = u {1 +aq + 0(% + ...+ 06571} + 065 Up. (6.4)

This expression can be rewritten in the following (more elegant) form:®
Uy — U = [Uy— U ol (6.5)

Equation (6.5) can be used to determine how long it takes for any discrepancy be-
tween U and U to be eliminated. Suppose that the unemployment rate is currently
Up and the long-run unemployment rate is U. How many periods does it take, for
example, before half of the difference [Uy — U] is eliminated? The answer, which we
denote by ty, is called the half-life of the adjustment. Intuitively, we can use fg as
an indicator for the adjustment speed in the system. It is calculated as follows:

Uy, — U = [Up—Ulait = 1 [Up— U] =
aff =1 =
In2
tglnae; = —1In2 = ty = —m. (66)

For the UK this amounts to ty = —In2/1In0.8561 = 4.46 years (see (6.1)). Hence,
it takes almost five years before half of the difference between the actual and the
long-run unemployment rate is eliminated.

Fact 5: Unemployment differs a lot between countries As we can see from Table
6.3, the level of unemployment differs a lot even between the countries of Europe.
Looking at data for 2005, we find that unemployment is rather high for EC countries
like Belgium, France, Germany, Italy, Portugal, and Spain. In contrast, the unem-
ployment rate is rather modest in countries like Denmark, the Netherlands, United
Kingdom, Austria, Norway, and Switzerland. As we shall see in Chapter 7, a rea-
son for this different unemployment experience may be the different labour market
institutions that exist in this second group of countries.

We ignore the fact that we are using estimates for a9 and a1, and should really be constructing confi-
dence intervals for U.
©The trick is to write the term in square brackets as:
t
1—ag .
1-— L5}

T+ag+af+-+af =

By using this result plus the definition of U (stated below equation (6.3)), equation (6.5) is obtained.
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Fact 6: Few unemployed have themselves chosen to become unemployed Only
a very small minority of the unemployed have quit a job in order to become unem-
ployed (for example, to search for a new job). The vast majority of unemployment
occurs because the workers are laid off by their employer. This fact will prove im-
portant in Chapter 8, where we discuss search behaviour.

Fact 7 Unemployment differs a lot between age groups, occupations, regions,
races, and sexes Examples are easy to come by. Table 6.3 shows the unemployment
rates of workers, by age and by sex, for different countries. Women experience much
higher unemployment rates than men, and the young have higher unemployment
rates than older workers. Youth unemployment is very high indeed in countries like
Belgium, France, Italy, and Finland. Interestingly, Table 6.3 shows that the unem-
ployment picture for medium age workers (25-54) and old (55-64) workers does not
differ very much. As Table 6.4 shows, however, there is nevertheless an important
difference between these two groups, in that labour force participation is much lower
for the old workers. In Belgium and Austria, for example, the male participation of
old workers is only about 43%!

Furthermore, unemployment depends a lot on the educational attainment of
workers. Table 6.5 reports the unemployment rates for three levels of educational
attainment. In the table, “Low” stands for less than upper secondary education,
“Medium” for upper secondary education, and “High” for tertiary education. As
can be seen by glancing along the rows of the table, virtually without exception the
unemployment rate is lower, the higher is the level educational attainment. The fig-
ures for Germany are very dramatic. There, the unemployment rate of low-education
workers is a whopping 20.5%, whereas high-education workers experience an unem-
ployment rate of only 5.5%!

As these stylized facts show, there is quite a lot to be explained about the labour
market. The next section is aimed at showing how the standard labour market story
used so far can explain some of the stylized facts. We also show in which important
aspects it fails to provide an adequate explanation. One of these failures concerns
the observed (relative) inflexibility of the real wage rate with respect to demand and
productivity shocks. For that reason we also discuss two theories that can explain
real wage inflexibility in the final section of this chapter.

6.2 Standard macroeconomic labour market theory

6.2.1 Flexible wages and clearing markets

Up to this point we have modelled the labour market in the same way we would
model the market for peanuts, i.e. by looking at the aggregate demand and supply
schedules (for labour in this case; see Chapter 1). A high level of aggregation is the
hallmark of macroeconomics, and one might be tempted to conclude that for that
reason the macro approach cannot be used to account for the evidence unearthed
in the previous section. Fortunately, such a negative conclusion is unwarranted.
For example, suppose that one wishes to use the standard approach to explain why
low-education workers experience a higher unemployment rate than high-education
workers (see Fact 7). Obviously, this can be done by distinguishing two types of
labour. Call the low-education workers “unskilled” labour (denoted by Ni;) and
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Table 6.3. Sex and age composition of unemployment in 2005
15-24 25-54 55-64

All Men Women Men Women Men Women
Belgium 8.1 20.6 19.1 6.3 8.3 44 4.2
Denmark 49 6.1 9.8 3.7 4.9 4.8 5.1
France 9.9 21.4 24.6 7.7 9.9 7.1 6.4
Germany 11.3 16.1 14.0 10.6 10.2 12.6 13.0
Ireland 4.3 9.1 7.3 4.0 3.1 3.1 2.6
Italy 7.8 21.5 27.4 5.1 9.0 3.6 3.2
Netherlands(®) 5.0 9.4 8.6 42 45 43 3.4
Portugal 8.1 13.7 19.1 6.2 8.5 6.9 5.3
Spain 9.2 16.7 23.5 5.9 10.9 54 7.5
United Kingdom 4.6 13.4 10.0 3.6 3.3 3.4 1.8
Australia 52 11.1 10.5 3.7 4.2 3.6 2.6
New Zealand 3.8 9.1 9.8 2.4 3.0 1.8 1.9
Canada 6.8 14.2 10.6 5.8 5.7 54 53
United States 5.1 124 10.1 3.9 44 3.3 3.3
Japan 4.6 99 7.4 4.0 44 5.0 2.7
Austria 52 10.7 9.9 4.0 4.9 4.1 2.7
Finland 8.5 20.6 19.3 6.5 7.3 7.1 6.5
Norway 4.7 12.5 115 4.2 3.8 2.1 1.3
Sweden(® 6.6 17.8 16.1 5.7 5.2 5.8 4.0
Switzerland 45 8.5 9.2 3.1 4.7 3.9 3.6

Note: (a) Data for 2004 have been used.
Source: OECD (2006), Tables B and C.
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Table 6.4. Sex and age composition of the participation rate in 2005

15-24 25-54 55-64

All Men Women Men Women Men Women
Belgium 66.4 34.8 315 91.8 76.8 432 24.0
Denmark 79.4 70.6 63.9 91.1 84.1 70.2 55.7
France 69.1 37.3 29.9 93.8 80.7 471 40.2
Germany 73.8 53.5 46.7 93.6 79.1 61.3 43.2
Ireland 70.2 53.3 47.6 92.2 69.6 67.8 38.4
Ttaly 62.4 38.1 28.7 91.2 63.6 44.3 21.5
Netherlands(®) 75.8 70.6 69.3 92.8 77.4 58.8 34.4
Portugal 734 46.9 38.8 92.4 81.8 62.4 46.1
Spain 70.8 57.2 46.8 92.4 69.0 63.2 29.6
United Kingdom ~ 76.1 69.0 62.7 91.0 77.4 68.1 49.1
Australia 75.5 72.5 70.0 90.3 73.8 66.3 44.6
New Zealand 77.5 65.6 60.0 92.4 76.4 79.7 62.5
Canada 77.8 66.1 65.8 91.5 81.1 66.7 49.4
United States 75.4 62.9 58.6 90.5 75.3 69.3 57.0
Japan 72.6 44.2 45.0 96.0 68.8 83.1 50.8
Austria 72.4 63.6 54.8 92.8 79.9 43.0 23.5
Finland 743 47.9 50.5 90.3 85.1 56.8 56.4
Norway 78.9 61.0 59.4 90.1 83.0 74.6 62.9
Sweden(®) 78.7 51.4 51.6 90.1 85.3 76.0 70.2
Switzerland 80.9 66.6 64.9 95.6 81.3 77.8 57.5

Note: (a) Data for 2004 have been used.
Source: OECD (2006), Tables B and C.



CHAPTER 6: A CLOSER LOOK AT THE LABOUR MARKET 157

Table 6.5. Unemployment and educational attainment in 2004

Educational status:
All Low Medium High

Belgium 74 11.7 6.9 3.9
Denmark 5.3 7.8 4.8 3.9
France 10.0 12.1 7.6 6.2
Germany 104 20.5 11.2 5.5
Ireland 44 6.4 3.2 2.1
Italy 8.1 7.8 5.3 4.8
Netherlands 5.0 5.7 3.9 2.8
Portugal 7.0 6.4 5.6 4.4
Spain 11.0 11.0 9.5 7.3
United Kingdom 4.7 6.6 3.7 2.2
Australia 5.6 6.2 3.9 2.8
New Zealand 4.0 4.2 2.4 2.4
Canada 7.3 9.9 6.1 4.7
United States 5.6 10.5 5.6 3.3
Japan 49 6.7 5.4 3.7
Austria 5.0 7.8 3.8 29
Finland 8.9 12.0 8.2 4.7
Norway 4.5 3.6 3.8 24
Sweden 6.6 6.5 5.8 4.3
Switzerland 44 7.2 3.7 2.8

Source: OECD (2006), Tables B and D.
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the high-education workers “skilled” labour (Ng). The production function of the
representative firm is given by:

Y = G(Ny, Ns,K) = G(Ny, Ns, 1) = F(Ny, Ns), (6.7)

where Y is output, and the capital stock is fixed in the short run at K = 1. Hence,
F(Ny, Ng) is the short-run production function featuring positive but diminishing
marginal products, i.e. Fiy = 0F/0Ny > 0, Fs = 0F/dNg > 0, Fiyy = a2P/aN5[ <0,
and Fgs = 9°F/dN% < 0. In addition, we assume that short-run isoquants bulge
toward the origin, i.e. A = FssFipr — Fszu > 0, where Fg; = 02F/9NgoN,.

The representative firm maximizes profit by choosing the optimal production
level. With perfect competition in the output market and both input markets, the
output price P and the wage rates Wy; and W are taken as given by the firm and the
choice problem is:

max Il = PF(Nu, Ns) - WuNu - Wst, (68)
{NU/NS}

which yields the usual marginal productivity conditions:
PFy(Nu,Ns) = Wu, PFs(Nu,Ns) = Ws. (6.9)

In words, the value of the marginal product of each type of labour must be equated
to its wage rate. Obviously, the expressions in equation (6.9) can be used to derive
the demand functions for the two types of labour. By total differentiation of the two
equations, we obtain the following matrix expression:

dNS o 1 Fuu _FSU de
{ dNy ] A [ —Fsu  Fss dwy |’ (6.10)

where ws = Ws/P, wy = Wy /P, and A is a positive constant defined in the text
below equation (6.7). Equation (6.10) can be used to find all the comparative sta-
tic results of the demand functions for the two types of labour which we write as
follows:

NP = NP (ws,wy), NE = NE(ws,wy). (6.11)

Clearly, the “own” real wage effects are guaranteed to be negative because of dimin-
ishing marginal products:

ONP OND F
Nh=—2 =" <o Np, =1L =="=<0 6.12
55 = Juws A Uu =35, = A (6.12)
The “cross” real wage effects, however, cannot be signed without making an addi-
tional assumption. In particular, we assume that skilled and unskilled labour are
gross substitutes in the short-run production function. This implies that Fg;; is nega-
tive, and the cross partial derivatives are both positive:

N ==—S=-2>0 N=-—"UL=_Usy (6.13)

In words, if unskilled labour becomes dearer, the demand for skilled labour in-
creases, and similarly if skilled labour becomes more expensive, the demand for
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Figure 6.3: The markets for skilled and unskilled labour

unskilled labour increases. This is because the two factors can be used as substi-
tutes in the production process. (Intermezzo 6.1 studies the issue of short-run gross
substitutability or complementarity in more detail.)

In order to close the model as simply as possible, we assume that the supply
curves of the two types of labour are perfectly inelastic.

Nf =Ns, N =Ny. (6.14)

The equilibrium in the two labour markets can be drawn as in Figure 6.3.

If wages are perfectly flexible, full employment is attained in both markets. This
is the case at points Eg and EY, respectively. How can we nevertheless provide an
explanation for the high unemployment rate among unskilled workers? A simple
explanation runs as follows. Suppose that there is a minimum wage law, which
states that the real wage of any worker (irrespective of that worker’s skill level) must
not fall below @. This minimum wage is assumed to be at a level below the market
clearing real wage in the market for skilled labour (@ < wg), but above the equilib-
rium real wage in the unskilled labour market (0 > w{;). As a result, the minimum
wage is binding in the market for unskilled labour, and unemployment emerges in
that market equal to the segment AB in the right-hand panel of Figure 6.3. This is
the partial equilibrium effect of the minimum wage. This is not the end of the story,
however, since the high real wage of unskilled workers prompts the representative
firm to substitute skilled for unskilled labour. The demand for skilled labour shifts
to the right, and the skilled real wage rate rises to wi. In the left-hand panel the
demand curve shifts to N2 (ws, @) and the new equilibrium is at E;. The higher
equilibrium wage for skilled labour partially offsets the initial unemployment effect
by stimulating the demand for unskilled labour a little. In the right-hand panel, de-
mand shifts to N7 (w}, wy;). Ultimately, the general equilibrium effect of the mini-
mum wage consists of a move from EJ to E7 in the skilled labour market and a move
from E(l)l to E%l in the unskilled labour market. All skilled workers obtain higher
wages. Some unskilled workers also receive a higher wage than before (namely the
minimum wage) but others are unemployed.

We have developed a very simple representation of the bottom end of the labour
market. There is unemployment in the market for unskilled labour because this type
of labour is too expensive: the marginal product of this type of labour is simply
too low, given the existence of a binding minimum wage, to be consistent with full
employment.
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A number of policy options exist to solve this type of unemployment. First, the
minimum wage could be abolished. This will obviously work, but may cause polit-
ically undesirable income distribution effects, social unrest, etc. Hence, some pack-
age of transfers to unskilled workers may be unavoidable. Second, unskilled labour
could be subsidized. In terms of Figure 6.3, this amounts to shifting the demand
for unskilled labour up and to the right. The demand for unskilled labour is artifi-
cially stimulated to make the minimum wage less of a disequilibrium wage. Third,
the government can directly employ some unskilled workers at the going minimum
wage. Again, the demand for unskilled labour shifts to the right, and unemployment
is reduced. The problem with this option is that the jobs that are created tend to be
“dead-end” jobs (like having three men guarding the Town Clerk’s bicycle). For all
three options discussed so far, there is a revenue requirement on the part of the gov-
ernment. To the extent that the additional tax revenue that is needed can only be
raised in a distorting fashion (see Chapter 5), the net benefits to society are far from
obvious. This is especially the case for the third option, since nothing of value to
society may be created in dead-end jobs.

A fourth option may be more attractive. The government could invest in (re-
) training projects specifically targeted at unskilled workers. By making unskilled
labour more productive, it is possible to stimulate the demand for those workers
and reduce unemployment. In the terminology of Chapter 5, a golden rule of fi-
nancing could be used: to the extent that the rate of return on public investment in
(re-) training schemes equals the market rate of return, such schemes may even be fi-
nanced by means of debt, thus obviating the need for distorting taxation. The return
to making unskilled workers more productive includes two components. First, as
the unemployment rate falls, spending on unemployment benefits falls, thus reduc-
ing the government’s revenue requirement. Second, as the previously unemployed
find work, they also start to pay taxes, thus further reducing the government’s rev-
enue requirement.

In conclusion, even our very simple standard model can be used to derive sen-
sible conclusions about the labour market. If we look at the Dutch situation, for
example, the relative wage of unskilled versus skilled labour (i.e. Wir/Ws) has risen
during the last decade! Hence, this is a possible explanation for stylized fact 7: un-
employment among unskilled workers is high because this type of labour is too dear.
Most economists agree that this is partially true, but that other elements also play a
role.

Intermezzo 6.1

The three-factor production model. In this intermezzo we study the
three-factor production model, when one of the factors is constant in
the short run. A three-factor production function is weakly separable
in production factors xq and (xp, x3) if it can be written as:

Y=F(x1,Z), ZZG(Xz,X3). (a)

We assume that both F (x1, Z) and G (x2, x3) are linear homogeneous
in their respective arguments. Note that Z can be interpreted as a
composite input, that is produced by combining primary inputs x»
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and x3. We know (from Intermezzo 4.3) that:
Y =Fx+FzZ, Z = Goxy + Gzxg, (b)

where F; = dF/dx1y > 0, F; = 0F/dZ > 0, G, = dG/dxy > 0, and
Gz = dG/0dx3 > 0. We know also that:
Fixi+hzZ = 0, Fux+FzzZ=0, (c1)
Gaxa +Goxs = 0,  Gapxa + Gagxz =0, (c2)
where Fj; = azF/ax% <0, Fz = Fn1 = E)ZF/axlaZ >0, Fzz =
821:/822 < 0,Gy = azG/ax% < 0,Gy =Gy = aZG/aXanE; > 0,
and Gs3 = 9°G/9x3 < 0. The two functions have the usual property
that isoquants bulge toward the origin:

Fi1Fz7 — Flzz >0, G Gsz — G%?) > 0. (d)

Finally, we define the substitution elasticities of the two functions in
the usual way:
FiFz G2Gs

=—=>0, =
OF YE,, > oG

ZGos > 0. (e)

We wish to have loglinearized expressions for the marginal prod-
ucts of the three factors, F; = 9dY/dx;. We show the derivations for
F; and F, in detail. Clearly, F; = F; [x1, G (x2, x3)] is a function of all
three inputs. Totally differentiating we get:

dF] = Flldxl + F1sz (XQ, x3) = Flldxl + Fiz [GQdXQ + G3dX3] o

Dividing both sides by F; we obtain:

afn _ xFnda | xRzGdx, + x3F17G3 dxs
Pl - Fl X1 Pl X2 Pl X3
~ x1F X2 F17G x3F7G
g = nbng  nhzG, | xhiG, 0
E E E

where F; = dF;/F;, and &; = dx;/x;. The terms on the right-hand side
of (f) can be re-expressed in a more intuitive format. Starting with
the first term, we obtain:

x1F11 o _ZF]Z FZ X . _YF]Z ZFZ . 1-— w1

L= — = — 1
Fl Fl F2Y FlFZ Y OF ! (g)

where we have used the first expression in (c1) in the first step. Note
that w; = xyF1/Y and 1 — w; = ZF;/Y are the income shares of,
respectively, x; and the composite input Z. In a similar fashion we

get:
x2F12G2 _ YPlZ . ZFZ ) x2Go _ (1 —wl)wz ( 2)
F1 FlFZ Y Z OF ! &
X3F12G3 YF1Z . ZPZ ) JC3G3 (1 — wl) (1 — C(Jz)

rR  RE, Y 7 or (89
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where wy = x,Gy/Z and 1 — w; = x3Gz/ Z. By substituting (g1)-(g3)
into (f) we thus obtain:

ﬁ:_lfwlfl_'_(1*601)(02552_'_(1*(4]1)(1*(4]2)&))' (h)

OF OF OF

The marginal product of x; depends negatively on the quantity of x;
used, and positively on the quantities used of the other two factors.

Next we turn to the marginal product of the second production
factor, xp. Note that F, = Fz [x1, G (x2, x3)] - G2 (x2, x3) (by the prod-
uct rule) so upon total differentiation we obtain:

dF, = GyFzdx; + [G%FZZ + cmzz] dxy + [G2G3Fzz + FzGo3] dx3
db,  x1GFpdxi | %GiFzz + XaFzGy dxy
Fz a Psz X1 FZGZ X2
x3G2GaFzz + x3F7Go3 dx3 @)
FzG, X3

The coefficients on the right-hand side of (i) can once again be sim-
plified substantially:

xiFzn _ xbh YEn _w (i)
FZ Y FlFZ O’F’ J
x2G3Fz7 + x2F7Gy) _ %G YRz xb _ ZGxp  x3Gs
F;Gy Z, FF; Y G>G3 Z
wiwy 1 —wy .
OF oG
X3GaGalFzz +x3FzGps _ _ x3Gs Yhz xibi | ZGys x3Gs
F,G, Z FBE, Y GG Z
w1 1 q
= (Q-w) |- |, 3
(1) -2+ ] ®)

where we have used (c1)-(c2) to simplify the expressions. Hence, by
using (j1)-(j3) in (i) we get:

] 2+ (1— wn) [—;"; + ;G] %3. (K)

E— ﬂfl_ {wlwz n 1— wy
OF OF oG
The marginal product of x, depends negatively on the quantity of x;
used, and positively on the quantities used of factor x;. The effect of
factor x3 is ambiguous.
Finally, for F3 = Fz [x1, G (x2, x3)] G3 (x2, x3) we obtain:

- 1 1=
B=%%+w [—“’M} % — {MJF“’Z] %3. (1)
(9 F (283 oG

We reach a similar conclusion as for factor x,. The marginal product
of x3 depends negatively on the quantity of x3 used, and positively
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on the quantities used of factor x;. The effect of factor x; is ambigu-
ous.

Up to this point we have been silent about the identity of the three
factors. Three different cases can now be considered:

1. The factors are x; = K, xp = Nyj, and x3 = Ns. The productivity
conditions are wy; = F, and wg = F3. The income shares are
wg = KF¢/Y = wy, wy = NyFy/Y = (1 — w1) wy, and wg =
Nst/Y = (1 — wl) (1 — wz).

2. The factors are x; = Ns, x = Ny, and x3 = K. The productivity
conditions are wy; = F, and wg = F;. The income shares are
wg = w1, Wy = (1 — (Ul) wy, and WK = (1 — wl) (1 — a)z).

3. The factors are x; = Ny, x, = Ng, and x3 = K. The productivity

conditions are wy; = F; and wg = F,. The income shares are
wy = w1, ws = (1 —wq)wy,and wg = (1 —wq) (1 — wo).

Case 1. Using the productivity conditions stated in (6.9) and (k)-
(I) we find the following system determining the demands for the
two types of labour as a function of factor prices and the given capital
stock:

IR
1 Ng ZT)S—%K

where w; is the real wage rate for labour of type 7, and @; = dw;/w;.
The Jacobian matrix, [1, is defined as:

, (m)

UF0G OF0G
wa|op—wy0G] _ wi(l-wy)ogtwsor
OF0G OF0G

(n)

_ w1wrog+(1-wy)or (1—w»)[op—wi0¢]
h= l ]

After some manipulation we find that |J;| = w1/ (0rog) > 0. Since
i L = adj(J1) / |J1| we find that equation (m) can be solved:
NJ u _ w
Ng - wlw106-0)

_ wi(1-wy)og+wyop
Wy
w1

(1—wp)[w106—0F]

?le

+ (0)

wq
_ wiwpog+(1-wy)op
w1

as+| 1 |

Using the definitions of the income shares for case 1, we find that
w1 = Wk, Wy = wu/ (1 — (/JK), and 1 — Wy = (Us/ (1 — LUK). Hence,
the expression in (0) can in principle be rewritten in observable in-
come shares. Note that the sign of the cross effects dNi;/dwg and
dNg/dwy; is determined by the sign of wgog — of, which itself de-
pends on the capital income share and on the two substitution elas-
ticities. If wxog > of then skilled and unskilled labour are gross
substitutes in production in the short run. Vice versa, if wgog < of
they are gross complements in the short-run production function.
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Cases 2 and 3 are left as an exercise to the reader. It is not difficult
to show that the two types of labour must be gross complements in
short-run production in cases 2 and 3.

B

6.2.2 The effects of taxation

Before leaving the standard model of the aggregate labour market, we turn to an
analysis of the effects of taxation on employment and the real wage rate. This analy-
sis was commenced in Chapter 1 (see section 1.3.6 on the supply siders) and is com-
pleted here. In addition to considering flat tax rates on consumption and the use of
labour by firms, we also study the effects of progressivity of the labour income tax.
Attention is restricted to the short run, i.e. the capital stock is assumed to be con-
stant (and equal to K). There is only one type of labour, and the representative firm
maximizes short-run profit which is defined as:

1= PF(N,R) — W(1+tp)N, (6.15)

where fg is an ad valorem tax levied on the firm’s use of labour (e.g. the employer’s
contribution to social security). The usual argument leads to the marginal productiv-
ity condition for labour, Fy (N, K) = W(1 + tg)/P. This expression can be linearized:

NP = —ép [YI) + EE} , (6.16)

where w = W/P is the gross real wage, ep = —Fy/(NFxny) is the absolute value
of the labour demand elasticity (ep > 0), NP = dNP /NP, fr = dtg/(1 + tg), and
w=dw/w.

Most income tax systems in use in the developed countries are progressive, in the
sense that the tax rate rises with the tax base (labour income in this case). Since
we wish to investigate the effects of progressivity on the labour supply decision by
households, we specify the general tax function T(WN®). The marginal tax rate
tpm facing households coincides with the derivative of this function with respect to
income, i.e. tyy = dT(WN®)/d(WN?). In the absence of taxable income from other
sources, the average tax rate is simply t 4 = T(WN?®)/(WN?). The key thing to note
is that, in general, both t3; and ¢4 depend on the tax base, WN?.

The household’s utility function is assumed to be of the usual kind:

U =U(C,1—N°%), (6.17)

with Uc >0, Uiy >0, U <0, Ul_er_N < 0,and UCCul_Nl_N — uél—N > 0. In
addition to facing (progressive) income taxes, the household also has to pay an ad
valorem tax on consumption goods (e.g. a value-added tax, t¢), so that the household
budget restriction is:

P(1+tc)C = WN’ — T(WN®). (6.18)

The household maximizes utility by choosing the optimal level of consumption and
labour supply. The Lagrangian is:

£ =U(C,1— N5 +A[WN5 — T(WNS) —p(1+tc)c}, (6.19)
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yielding the first-order conditions:

oL
5¢ = Uc—AP(1+tc) =0, (6.20)
oL dT(WNS®) d (WN®)
aNs = N AW d(WNS)  dNS
= U N+AW(1—ty) =0, (6.21)

where we have used the definition of the marginal tax rate to arrive at the ultimate
expression in (6.21). By solving (6.20) and (6.21) for A we obtain the expansion path:

Uc Ui_N
)\ = = =
P(1+tc) W(l—tM)
U n w(1—ty)
= - v/ 22
Uc 1+1tc ! (6.22)

where we have used the definition of the gross real wage, w = W/P. Equation
(6.22) drives home a very important point: the marginal rate of substitution between
leisure and consumption depends on the marginal (and not on the average) tax rate
facing households!

In order to facilitate the discussion to come, we assume that the utility function
(6.17) is homothetic (see Intermezzo 5.1 above) and define the substitution elasticity
between consumption and leisure as follows:

%ge changein C/(1— N°) _ dIn(C/(1— N%)) >0 623)
%ge Change in Ui_n/Uc dln(ul_N/UC) - '

ocm =

where we have used the fact that dIn x = dx/ x represents the proportional change in
variable x. Intuitively, oy measures how “easy” it is (in utility terms) for the house-
hold to substitute consumption for leisure. A household with a very low value of
ocm, finds substitution very difficult, whereas a household with a high oy, is quite
happy to substitute consumption for leisure. In graphical terms, the former house-
hold has sharp kinks in its indifference curves,” whereas the latter has relatively flat
indifference curves. The substitution elasticity can be used in the linearization of
(6.22):

i (U) —o o= e -

C+iN5 =oom [@—tm — Fc], (6.24)
wr
where fpy = dty/ (1 —ty), Fc = dtc/(1+ tc), and wy = (1 — N%)/ N5 is the initial
ratio of leisure to labour supply. By using the definition of the average tax rate,
t 4, the budget restriction (6.18) can be rewritten as (1 + tc)C = (1 —t4)wN°. By
linearizing this expression we obtain:

C+ic=w—1T4+N°, (6.25)

"This does not imply that this household is kinky. It just means that the household is very reluctant
to deviate from a fixed proportion between consumption and leisure. In case oy = 0, the indifference
curves are right angles, and nothing will make the household deviate from a fixed proportion between
consumption and leisure.
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where f4 = dt4/(1 — t4). Hence, the average income tax rate influences the budget
restriction of the household.

By solving (6.24)-(6.25) for the change in labour supply, the following expression
is obtained:

NS 17N5{ —ic]—[w—EM—EC]}
= Esw [@ — Fm tc] +eg [Fa +Ec — @]
= &gw [ — ] - ESW{M + SSI{A/ (6.26)
where g5y = ooy (1 — N¥) is the compensated wage elasticity, and —eg; = —(1 — N¥)

is the income elasticity. The compensated wage elasticity corresponds to the substi-
tution effect and is always non-negative. The income elasticity of labour supply cor-
responds to the income effect and is always negative. The total effect of a change in
the gross wage is measured by the uncompensated wage elasticity, egy = Esw — €51 =
(cam — 1)(1 — N®), which may be positive, zero, or even negative, depending on
the magnitude of oqy,. If the elasticity of substitution between leisure time and con-
sumption (o) exceeds unity, the substitution effect dominates the income effect
and thus labour supply is an increasing function of the real wage. Otherwise, the
income effect dominates the substitution effect and labour supply slopes backwards.
Empirical studies report that the wage elasticity of labour supply (es) is fairly small
for males, but bigger for females (see Pencavel, 1986 and Killingsworth and Heck-
man, 1986).

The demand and supply equations of the standard model of the labour market
(expanded with various tax rates) are given in linearized form by, respectively, equa-
tions (6.16) and (6.26). There are several ways to close the model. For example, the
equilibrium interpretation postulates flexible wages and assumes continuous market
clearing. Since we also wish to discuss the effect of different tax rates on unemploy-
ment, the disequilibrium interpretation requires the real wage to be fixed at a level
that is too high for market clearing. In Table 6.6 we summarize the effects of the dif-
ferent taxes on employment, the gross real wage rate, and unemployment for both
the equilibrium and disequilibrium interpretations of the model.

6.2.2.1 Tax effects with flexible wages and a clearing labour market

In this section we assume that the wage rate is flexible and clears the labour market.
Mathematically, we have that N = NP = N so that (6.16) and (6.26) can be rewritten
as:

N = —eplw+FH], (6.27)
N = Esw [TIJ — Ec] — Eswim +egfa. (6.28)
Solving these expressions for N and @ we find:

Eswim — €sifa — EDLE + Eswic

= , (6.29)
Ep + €sw
N = —en. gswim — esifa + eswle + eswic (6.30)
b ep + &sw ' '

For the sake of convenience, the various comparative static effects have been summa-
rized in panel (a) of Table 6.6. We now consider the labour market effects of several
tax policy initiatives.
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Table 6.6. Taxes and the competitive labour market

(a) Flexible wage (b) Fixed consumer wage
w N du|w N du
- g epE
Fat W —DBW_ g |0 0 —Esw
Esw T €D &sw + €p
~ € EDE
ta — I DEsI 0 1 —ep Esw + €D
&sw t+€p &sw +é€p
~ ~ € EDE
tM=ta SW _ “DESW 0 1 —€&p €D
gsw T €D &sw +€p
EE - D - EDESW 0 0 —€&p €D
&sw t+€p &sw +€p
~ € EDE
P SW _ EDEsw 011 —ep -
Esw T €D &sw +€p
we - - - 1 —¢ep &sw +€p

Notes: (a) coefficients satisfy ep > 0, Esyy > 0, egr > 0;
(b) for dominant substitution effect, egyy = sy — €1 > 0;

(c) stability condition is egyy +¢ep > 0.
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Figure 6.4: The effects of taxation when wages are flexible

First, suppose that the policy maker wishes to make the tax system more progres-
sive, without however, changing the average tax rate. In terms of Table 6.6(a), this
means that f5; > 0 and all other tax rates remain constant (f4 = fg = fc = 0). Due
to the higher marginal tax rate, households supply less labour at the same gross real
wage rate, and labour supply shifts to the left, say from N§ to N} in Figure 6.4. The
equilibrium moves from Ej to E;, and the gross wage rate increases.® These results
have been reported in the row for f; in Table 6.6(a). Obviously, because the labour
market clears there is no effect on unemployment.

Note that part of the tax increase is shifted from households to the firms, namely
the line segment BE;. This tax shifting phenomenon can be explained with the aid
of Figure 6.4. Following the tax shock, the price of labour paid by firms rises from
wo to wy. The price of labour that is received by households, however, falls from wy
to w'. Note that with the original marginal tax rate, N; units of labour would have
been supplied at the wage w’. It thus follows that the line segment AB represents
the part of the tax increase that is borne by households, whilst BE; is the part borne
by firms. The degree of tax shifting depends on the elasticities of the demand and
supply curves. For example, if labour demand is perfectly elastic (horizontal) then
households bear the full burden. At the opposite extreme, firms bear the full burden
if labour supply is vertical (and esy = 0).

As a second policy shock, consider the case in which the policy maker increases
the average income tax (f4 > 0), whilst keeping the marginal tax on labour and all
other taxes unchanged (fp; = fr = fc = 0). Now the effects on the labour market
are completely different. The situation (for ey > 0) is depicted in Figure 6.4. As
a result of the higher average tax, households feel poorer (due to the income effect)
and start to supply more labour. This shifts the labour supply curve to the right, from
Ng to NS, and the equilibrium moves from Eg to E. As a result of the tax increase,

8This holds regardless of the sign of egyy, provided the stability condition esyy + ep > 0 is satisfied. In
terms of Figure 6.4, the labour supply curve can be downward sloping (esy < 0) but it must be steeper
than the labour demand curve. Otherwise, high wages would be associated with excess demand for
labour. There is no plausible real wage adjustment mechanism that would lead to stability in that case.



CHAPTER 6: A CLOSER LOOK AT THE LABOUR MARKET 169

N

Figure 6.5: The effects of taxation with a fixed consumer wage

the real wage falls and employment rises. What is the degree of tax shifting in this
case? Because none of the taxes affecting labour supply via the pure substitution
effect (i.e. t)s and t¢) is changed, the traditional incidence analysis is not relevant. It
is nevertheless possible to decompose the total effect on wages into a part borne by
households and a part borne by firms. If labour supply were inelastic (esyy = 0), then
N’ units of labour would be supplied inelastically after the tax shock, labour market
equilibrium would be at point F, and the wage would fall from wy to w”. With elastic
labour supply (esyy > 0), however, labour market equilibrium occurs at point E; and
the wage settles at wy. Hence, because of the wage effect in labour supply, firms have
to pay w, instead of w”. Hence, the line segment DF represents the part of the tax
effect on wages that is borne by firms, whilst CD is the part borne by households.

6.2.2.2 Tax effects with rigid consumer wages and unemployment

Assume now that (for whatever reason) the real consumer wage is exogenously fixed
above the level consistent with full employment. The real consumer wage is defined
as the real wage after income taxes and the tax on goods have been taken into ac-
count, i.e. we = w(1 —t4)/ (1 + tc). Inloglinearized form we have that:

We=w—F4—fc. (6.31)

In view of this definition, equations (6.16) and (6.26) can be rewritten in terms of the
exogenous real consumer wage:

NP = —ep [wc + Fa + g + Ec], (6.32)
NS = eswc + Esw [EA — EM] . (6.33)

By assumption the real consumer wage is too high for full employment, so that the
minimum transaction rule’ says that employment is determined by the demand for

9This rule states that the short side of the market determines the quantity that is actually traded. Mar-
ket exchange is voluntary and nobody is forced to trade more than he/she wishes. The actual amount



170 FOUNDATIONS OF MODERN MACROECONOMICS, SECOND EDITION

labour, i.e. N = NP which implies in loglinearized form that N = NP. Unemploy-
ment is defined as U = (NS - ND)/ND ~ In N° — In NP, so that we have for the
change in unemployment:

du = NS — NP. (6.34)

Equations (6.32)-(6.34) determine employment, labour supply, and the unemploy-
ment rate as a function of the tax rates and the exogenous real consumer wage.
Equation (6.31) can be used to determine what happens to the gross real wage.

Consider what happens if the marginal tax rate on labour is increased (f); > 0),
leaving all other taxes unchanged (f4 = fr = fc = 0). For the given real consumer
wage, labour supply is decreased and labour demand is unchanged. Consequently,
unemployment is reduced. Some of the unemployed hours of labour are no longer
supplied due to the disincentive effect of the higher marginal tax rate. This policy
experiment has been illustrated in Figure 6.5. The economy is initially at Eg and stays
there. The tax shock shifts the labour supply curve to the left, from NJ to N7. The
reduction in unemployment is represented by the horizontal segment BA.

The students are advised to work through the entries of Table 6.6(b), and verify
their understanding by drawing pictures.

6.3 Real wage rigidity

There exists a fundamental tension in the labour market theories that are based
on perfectly competitive behaviour and flexible wages. From microeconometric re-
search we know that the labour supply curve of (especially male) workers is highly
inelastic (almost vertical). Macroeconometric research, on the other hand, shows
that employment does fluctuate, for example due to productivity or demand shocks,
without significant wage fluctuations occurring. In terms of Figure 6.6, this implies
that the macroeconomic supply equation is not vertical but almost horizontal. What
could be the microeconomic rationale behind such a horizontal real wage equation?
In other words, why are real wages inflexible? A number of theories have been pro-
posed to answer this question.

6.3.1 Implicit contracts

The theory of implicit contracts was formulated in the mid 1970s by Azariadis (1975)
in the hope (and expectation) that it could ultimately provide the microeconomic
foundation for the quantity rationing models that are characterized by real wage
rigidity (see Bénassy (1993b) for a survey of this literature). Although implicit con-
tract models are relatively complex, the basic idea is quite simple. There is uncer-
tainty about the state of the world, for example due to random productivity shocks.
Households dislike uncertainty and are risk averse. Firms, on the other hand, do not
care much about uncertainty, and are risk neutral.

Under these circumstances, a Pareto-efficient trade is possible between the firm
and its workers (the households). In exchange for a stable real wage, employees pay
an insurance premium to the employer by agreeing to work at a lower real wage. This
means that wages are, in equilibrium, “too low” (compared to the Walrasian out-
come without implicit contracts) so that employment is “too high” (compared to the

traded is thus the minimum of demand and supply.
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Figure 6.6: Labour demand and supply and the macroeconomic wage equation

Walrasian outcome without implicit contracts). Hence, implicit contract theory does
provide a rationale for real wage rigidity but not for (involuntary) unemployment.
For that reason it is no longer at the top of the research agenda of most macroecono-
mists studying the labour market. Instead, a lot of them have turned their attention
to the theory of efficiency wages.

6.3.2 Efficiency wages

As is argued by Stiglitz (1986, p. 182), the basic hypothesis underlying the family
of efficiency wage theories is that the net productivity of workers is a function of
the wage rate they receive. In that case firms may not lower the wage even if there
is excess supply of labour because they may fear that the adverse effect on worker
productivity outweighs the reduction in the wage per worker, thus increasing actual
total labour cost. As a result, there may be unemployment even in a world popu-
lated by perfectly competitive firms. The law of demand and supply is repealed.
Furthermore, since the relationship between wages and worker productivity may
differ between industries, wages (for otherwise identical workers) may also differ
across industries, thus repealing the law of one price.

As Stiglitz (1986) shows, there are at least five different explanations for the link
between wages and workers’ productivity. First, it has been argued in the devel-
opment literature that there is a direct link between productivity and the level of
nutrition, especially at low levels of nutrition. This link gives rise to an S-shaped
wage-productivity curve as is drawn, for example, in Figure 6.7. The second theory
leading to efficiency wage effects is based on labour turnover. The lower the wage,
the higher the rate of labour turnover. To the extent that the firm must incur training
costs for new workers, this mechanism gives rise to a link between the wage and
the worker’s productivity. The third theory is based on imperfect information on the
part of the firm about the characteristics of the worker. By paying a high wage the
firm obtains a high quality labour force. The fourth theory is based on the imperfect
information that the firm has about the workers” actions and the cost of monitoring
them. Unemployment works as a disciplining device (Shapiro and Stiglitz, 1984): if
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Figure 6.7: Efficiency wages

workers are caught shirking on the job, they are fired and become unemployed (for
some time). Note that there are other (potentially more efficient) means by which the
firm can induce the good behaviour of its work force. An example is the use of bond-
ing. Upon entering employment in the firm, the worker pays a bond up front, to be
forfeited to the firm if he is caught shirking. Apart from the moral hazard problem
that the firm may have (wrongfully accusing the worker of shirking, leading to the
forfeit of her /his bond), poor workers may have no way to borrow the money for the
performance bond. Hence, to the extent that poor/unskilled workers have restricted
access to the capital market, this theory may explain why these groups experience
a higher unemployment rate (Stiglitz, 1986, p. 186). The fifth theory suggests that
workers’ performance depends on whether they believe they are being treated fairly.
In this sociological theory the workers are particularly interested in their wage rela-
tive to that of other workers.

6.3.2.1 A simple model of efficiency wages

Suppose that the effort level of a worker in firm i is denoted by E;, and depends
positively on the wage paid in firm i (W;) and negatively on the wage that can be
obtained elsewhere (the reservation wage, Wg):

E; = e(W;, W), (6.35)

where ey = de/0W; > 0, and ey, = de/dWgr < 0. The idea is simple: if you
pay your workers well (as did Henry Ford), they are likely to display a lot of effort.
Conversely, “if you pay peanuts, you get (lazy) monkeys”. Let N; denote the number
of workers that are employed in firm i, and assume that each worker supplies one
unit of raw labour time to the firm. It follows that L; = E;N; is the total number
of efficiency units of labour employed by the firm. With a fixed capital stock, K;,
these efficiency units of labour lead to output via the short-run production function
F(L;, K;). The firm maximizes short-run profit, which is defined as follows:

Hi = Pl'AF(EiNi, Kz) - WiNi/ (636)

where A is an exogenous index for general productivity, and P; is the price charged
by firm i for its product. The firm chooses its level of employment (N;) and wage
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rate (W;) in order to maximize profit. The first-order conditions are:

JaI'l; _

- = PAEFL(EN;, K;) = W; =0, (6.37)

N,

a1, ]

W P AN;FL(E;N;, Ki)ew (W, Wr) — N; =0, (6.38)
1

where F; = 0F /0 (E;N;) is the marginal product of labour measured in efficiency
units. By substituting these two conditions, the expression determining the efficiency
wage for firm i is obtained:

Wiew (W;, Wr)

ATARE 1. (6.39)

This expression says that the firm should find the wage for which the elasticity of the
effort function equals unity. The firm should keep increasing its wage rate as long
as the effort rises faster than the wage rate (and the wage per unit of effort keeps
falling). In terms of Figure 6.7, the optimum is at point Ey. This is the only point
where the tangent of the effort curve goes through the origin, thus ensuring that the
unit-elasticity condition (6.39) is satisfied.!”

Once the efficiency wage, W, and hence the optimal effort level, EY, have been
determined, the number of workers that are employed by the firm is determined by
equation (6.37):

_ Wi
AE[F (EiN;,K;) = ?l (6.40)

1
By aggregating over all firms the aggregate demand for labour (measured in terms
of workers) is obtained. From the structure of the model, there is no reason at all to
expect that full employment will prevail. Productivity shocks have no effect on the
efficiency wage chosen by the firms, and hence only affect employment. Indeed, it
follows from (6.40) that dN;/dA = —F;/ (AEFi1) > 0, i.e. a positive (negative)
productivity shock leads to an expansion (contraction) of employment. Hence, this
model provides a partial equilibrium reason for the horizontal real wage equation

drawn in Figure 6.6.

Up to this point we have not yet determined the reservation wage, Wg. The
model developed by Summers (1988) provides a particularly simple illustration of
how Wy may depend on the unemployment rate and the level of unemployment
benefits. The effort function is specialized to:

E; = (W; — Wgr)", (6.41)

where ¢ measures the strength of the productivity-enhancing effects of high wages
(0 < & < 1), which we call the leap-frogging effect. Assume that Wg represents the
value of the outside option for the workers, i.e. it represents what workers get if
they are not employed by firm i. We assume that Wy is a weighted average of the
average wage paid by other firms in the economy (W) and the unemployment benefit

(B):
Wg=(1-UW-+UB=W-[1-U+pU], (6.42)

19The ray from the origin has slope E;/W;. At point Ey this ray is tangent to the effort curve, i.e.
Ei/W; = ew or Wiew/E; = 1 at that point. At point A (B) the effort curve is steeper (flatter) than the ray
from the origin and Wjew /E; > 1 (< 1). Hence, WiA is too low, and WiB is too high.
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where U is the unemployment rate, and § = B/W is the unemployment benefit
expressed as a proportion of the average wage paid in the economy (the so-called
replacement rate). We assume that § is constant, i.e. the government indexes the
unemployment benefit to the average wage rate.

In view of (6.39) and (6.41), the efficiency wage is easily calculated:

W; aEi W; — Wgr Wr
Nioki 4 Ni— Wr .
E. oW, - TwW, 1—¢

The firm pays a constant markup (1/(1 — ¢)) times the value of the outside option.
But equation (6.43) is not the end of the story. If all firms are treated symmetrically in
equilibrium, we have that the average wage that is paid coincides with the optimal
wage paid by firm i (determined in (6.43)), i.e. W; = W. By substituting this into
(6.42), and using (6.43) we obtain the expression for the equilibrium unemployment
rate U*:

= & W=

(6.43)

W We _Wep-uspUl L e

T—e 1—¢ T1-p (644)

Obviously, a meaningful solution is only obtained if the unemployment benefit is
strictly less than the average wage, or 0 < f < 1. Even though the model underly-
ing (6.44) is extremely simple, it provides some very clear and intuitive conclusions.
First, the higher the leapfrogging coefficient, the higher is the equilibrium unem-
ployment rate. Second, the lower the indexing coefficient j, the lower is equilibrium
unemployment.

The mechanism behind these results can be illustrated with the aid of Figure 6.8.
On the vertical axis we plot the optimal wage of firm i relative to the average wage
paid by other firms in the economy (W;/W). By using (6.42)-(6.43), the relative wage
paid by firm i can be written as:

W, 1-(1-pUu

W - , RW curve. (6.45)
The relative wage curve (RW) is a downward-sloping function of the unemployment
rate U. The labour market is in symmetric (unemployment) equilibrium if firm i pays
the same wage as all other firms (which therefore also equals the market average
wage). Hence, the horizontal line EE gives the equilibrium condition, W;/ W = 1.
The equilibrium is at Eg and the equilibrium unemployment rate is equal to Uj.
Suppose that the government increases the indexing coefficient . This rotates the
RW locus from RW, to RWj. For a given level of unemployment, the pain associated
with being unemployed is reduced and firm i must pay a higher relative wage than
before in order to attract workers. This cannot be an equilibrium, however, since
every firm wishes to pay a higher relative wage (thus driving W;/W back to unity),
thereby leading the economy to the new equilibrium at E;, with a higher level of
unemployment, U; > Uj.

As is pointed out by Summers (1988, p. 385), the model can explain why un-
employment is high in particular segments of the population. For example, young
people may value leisure more highly than older people, and consequently have a
higher rate of turnover and hence a higher value of e. As equation (6.44) shows, the
unemployment rate for young people is also higher in that case. Similarly, mobil-
ity for (blue collar) construction workers is higher than for other occupations, again
suggesting a higher value for ¢ and a higher unemployment rate for this group of
workers.
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Figure 6.8: The relative wage and unemployment

6.3.2.2 Progressive taxation and efficiency wages

As a final application of the efficiency wage model, we now consider the effects
of progressive taxation on the unemployment rate. We assume that the wage rate
received after tax is equal to WN = (1 —t,)W;, where t4 = T(W;)/W; is the average
tax rate paid by the worker (recall that each worker supplies one unit of labour to
the firm), T(W;) is the tax function, and the marginal tax rate is defined as t); =
dT (W;) /dW;. Assume furthermore that no capital is used in the production process
(K; = 0), that the production function is linear in the efficiency units of labour, i.e.
F(L;) = E;N;, and that the productivity index and the price charged by the firm are
both normalized to unity (A = 1 and P; = 1). Equation (6.41) is modified to:

E = (WiN _ WR)S, (6.46)

with 0 < ¢ < 1 as before. In the current formulation, the difference between the net
wage and the value of the outside option determines the level of effort.
The firm maximizes profits that are defined as:

Hi = EiNi — WiNir (647)

so that the first-order conditions are:

Al

aHl o N 571 ) dT L
g, = SOV = We) TNy 1= o = N =0, (6.49)

where the term in square brackets on the right-hand side of (6.49) is equal to dW" /9W;.
By combining (6.48)-(6.49) and noting the definitions of {4 and £, we obtain the ex-
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pression for the efficiency wage:

e—1 1
(Wl-N*WR> (1—ty) = . =
(WN — Wg)* 1 W;
= = =
WN—Wg  e(1—tm)  WN—-Wg
WN — W N Wg
N T8 WY = T (6.50)

1
where s is an index of progressivity of the tax system, which we define as follows:

1—ty

S
1—ty

. (6.51)

Clearly, since 0 < tpy < 1and 0 < t4 < 1, it follows from (6.51) that s > 0. For
a progressive tax system, the marginal tax rate is higher than the average tax rate
(tm > ta)and s < 1. Anincrease in the progressivity of the tax system is represented
by a decrease in s. Equation (6.50) shows that the firm, as before, pays a constant
markup times the value of the outside option but this markup now also depends on
the degree of progressivity of the tax system s.

The value of the outside option is determined as before:

Wr = (1—t2)W[l—U+ U], (6.52)

where we have assumed that the unemployment benefit is indexed to the net average
wage paid in the economy, i.e. B = B(1 — t4)W. In the symmetric equilibrium, all
firms pay the same wage (W; = W), and equations (6.50) and (6.52) can be used to
solve for the equilibrium unemployment rate U*:

Wi(1—tg) = (1—tg)W = 1Vi’is _ (1_tA)V\17[_1€—SU+ﬁU] R

es
1-p
Equation (6.53) shows that the average tax rate has no effect on the equilibrium unem-
ployment level, provided the degree of progressivity of the tax system s is constant.
Increasing the unemployment benefit index parameter j increases equilibrium un-
employment. Perhaps the most surprising conclusion is that increasing the degree of
progressivity (decreasing s) reduces unemployment! The intuition behind this result
is, however, straightforward. A move to a more progressive tax system reduces the
scope for leapfrogging by firms, and punishes firms for paying excessive wages. As
a result, wages are lowered and unemployment falls.
The comparative static effects on gross and net wages with respect to the different
tax parameters can be obtained as follows. After some manipulation we obtain a
simple expression for W;:!!

us=

(6.53)

W; = [e(1— tp)] 179 (6.54)

1By substituting (6.53) into (6.52) we find that Wg = (1 —t4)W(1 —es) so that WY — Wg = (1 —ty)eW.
By using this result in (6.46) and noting (6.48) we obtain (6.54).
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By loglinearizing (6.54) we obtain:

tm, (6.55)

where W; = dW;/W; and Fy; = dty /(1 — ty). Furthermore, in view of the fact that
WN = W;(1 — t4) we also have that:

WN =W, —F4 = —

1

v —fta, (6.56)

1—c¢

where f4 = dts /(1 —ts). Ahigher average tax rate has no effect on the gross wage,
so that workers bear the full brunt of the tax. If the marginal and average tax rates are
both increased equiproportionally (fy; = f4 > 0), then the degree of progressivity of
the tax system is unchanged (since § = ds/s = 4 — f)y = 0) and the net wage rate
falls by more than 100%, because the gross wage also falls. Workers thus bear more
than 100% of the burden of the tax.

6.4 Punchlines

We started this chapter by establishing some stylized facts about the labour market
in advanced capitalistic economies. In such economies, unemployment shows a lot
of fluctuations over time which are quite persistent (more so than the business cycle).
In Europe the recent rise in unemployment is due to a rise in long-term unemploy-
ment. Once unemployed, European workers find it hard to exit the pool of the jobless
by finding a new job. Looking at very long data sets reveals that there is no long-run
trend in the unemployment rate. The unemployment rate differs between appar-
ently similar countries suggesting an explanatory role for dissimilar labour market
institutions. The majority of job loss (inflow into unemployment) is due to layoffs
by firms, not voluntary quits by workers. Finally, the unemployment rate differs
between age groups, occupation, regions, races, and sexes.

The standard labour market model employed in the early chapters of this book
can easily be augmented to explain some of these stylized facts. For example, the
lower unemployment rate among high-education workers vis-a-vis low-education
workers can be modelled by distinguishing two types of workers, namely skilled
and unskilled, and by assuming that there is a minimum (real) wage which is bind-
ing for the latter type of workers. In that case there is unemployment in the market
for unskilled workers. The unemployment is classical as it is directly caused by the
binding minimum wage. Abolishing the minimum wage would solve the unem-
ployment problem because the unskilled wage rate would fall to clear the market.

The standard model is also quite useful to study the impact of taxation on the
aggregate labour market. We consider a wide array of taxes, namely a progressive
system of (labour) income taxes, a payroll tax, as well as a tax on consumption. In
the standard model with flexible wages, taxes affect equilibrium wages and employ-
ment but do not give rise to unemployment. Ceteris paribus the average income tax
rate, an increase in the marginal income tax chokes off labour supply and leads to
lower employment, a higher producer wage, and a lower consumer wage. On the
other hand, if the marginal tax is kept unchanged and the average tax is increased
then labour supply increases (because leisure is a normal good), both producer and
consumer wages fall, and employment rises. Simple expressions can be derived
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which show which side of the labour market ends up paying the tax (so-called tax
incidence).

If the consumer wage is assumed to be fixed above the market clearing level then
employment is demand determined and unemployment emerges. Now, the effects
of the tax system on employment and the unemployment rate can be traced. Raising
the marginal income tax or lowering the average tax both lead to a reduction in the
unemployment rate. In the former case labour demand (and hence employment)
is unchanged but labour supply drops off. In the latter case labour demand (and
employment) is boosted and labour supply falls.

Although the standard labour demand model is thus quite flexible there is one
stylized fact for which it cannot easily furnish a credible explanation, namely the fact
that the real wage appears to be rather rigid in the face of productivity and demand
shocks. The standard model can be made consistent with this rigidity by assuming
a highly elastic labour supply curve but that assumption is grossly at odds with
microeconometric evidence. For that reason, a number of economists have started to
look for alternative reasons for real wage rigidity.

A highly influential answer is provided by the theory of efficiency wages. The
basic hypothesis underlying this theory is that the net productivity of workers is
a function of the wage rate they are paid. A famous example of efficiency wages
is provided by the case of Henry Ford, who paid very high wages and achieved a
very high level of productivity as a result. The implications of the efficiency-wage
hypothesis are quite far-reaching. First, the law of demand and supply is no longer
relevant. Even if there is excess supply of labour, the firm may not lower its wage rate
because the adverse effect on its workers” productivity may outweigh the beneficial
reduction in the wage bill. Furthermore, the law of one price is also repealed. Since
the effort-wage relationship may differ across industries, wages may also differ for
otherwise identical workers.

In the final part of this chapter we develop a simple model in which efficiency
wages lead to real wage rigidity and a positive equilibrium unemployment rate.
Crucial determinants of the equilibrium unemployment rate are the replacement
rate (the ratio of unemployment benefits and the after-tax wage rate), the so-called
leapfrogging coefficient (summarizing the productivity-enhancing effect of high wages),
and the degree of progressivity of the income tax system.

Further reading

All serious students of the macroeconomic labour market should take notice of La-
yard, Nickell, and Jackman (2005) and Boeri and van Ours (2008). Nickell and La-
yard (1999) survey the effects of labour market institutions on unemployment. (See
also Chapter 7 below on this topic.) On European unemployment, see the studies
by Bean (1994) and by Machin and Manning (1999). An outstanding textbook on
the economics of labour markets is the one by Cahuc and Zylberberg (2004). Key
readings on the efficiency wage theory are collected in Akerlof and Yellen (1986).
Katz (1986), Stiglitz (1986), and Weiss (1991) present very good surveys. Hoel (1990)
studies the impact of progressive income taxes in an efficiency wage model. Raff and
Summers (1987) argue convincingly that Henry Ford’s introduction of the five-dollar
day in 1914 had all the results stressed by efficiency wage theories: productivity and
profits increased and workers queued for jobs at Ford Motor Company. See also
Brinkley (2003, ch. 8) for background details on Ford’s decision to increase wage
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dramatically. On dual labour markets, see Saint-Paul (1992) and Bulow and Sum-
mers (1986). Good surveys on the implicit contract literature are Azariadis (1981),
Azariadis and Stiglitz (1983), and Rosen (1985). For a good survey article on tax
incidence in macro models, see Kotlikoff and Summers (1987).
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Chapter 7

Trade unions and the labour
market

The purpose of this chapter is to discuss the following issues:

1. What models of trade union behaviour exist, and what do they predict about
unemployment?

2. What do we mean by corporatism and how can it explain some of the stylized
facts about the labour market?

3. How can so-called insider-outsider models be used to explain hysteresis?
4. How does taxation affect unemployment in trade union models?

5. How do trade unions affect investment by firms?

7.1 Some models of trade union behaviour

The typical layman’s sentiment about trade unions probably runs as follows. Pow-
erful trade unions are just like monopolists. They sell labour dearly, cause high real
wages, and hence are really to blame for low employment and high unemployment.
In this section we evaluate this sentiment within the context of several partial equi-
librium models of trade union behaviour. The typical setting is one where a single
representative union interacts with a single representative firm.

Suppose that the representative trade union has a utility function V(w, L) with
the following form:

V(w, L) = % ~u(w) + {1 - i]} -u(B), (7.1)

where N is the (fixed) number of union members, L is the number of employed mem-
bers of the union (L < N), w is the real wage rate, B is the pecuniary value of being
unemployed (referred to as the unemployment benefit), and u(-) is the indirect util-

181



182 FOUNDATIONS OF MODERN MACROECONOMICS, SECOND EDITION

ity function of the representative union member.! Equation (7.1) can be interpreted
in two ways. First, L/ N can be interpreted as the probability that a union member
will be employed, in which case the union cares about the expected utility of its rep-
resentative member. This is the probabilistic interpretation. The second, utilitarian,
interpretation runs as follows. The union calculates the average utility attained by
its employed and unemployed members, and takes that as its index of performance.

The representative firm is modelled in the standard fashion. The production
function is Y = AF(L,K), where Y is output, K is the fixed capital stock, A is a
productivity index, and F(-, -) features constant returns to scale and positive but di-
minishing marginal labour productivity (F, > 0 > Frr). The (short-run) real profit
function is defined as:

n(w,L) = AF(L,K) — wL. (7.2)

All models discussed in this section can be solved graphically. In order to do so,
however, a number of graphical schedules must be derived. First, the labour demand
schedule is obtained by finding all (w, L) combinations for which profit is maximized
by choice of L. Formally, we have 7r;, = d7t/dL = 0, which yields:

m, = AF (LK) —w=0 < LP =LP(w, A,K), (7.3)

where LD <0, LE > 0, and LE > 0. The labour demand curve is downward sloping
in (w, L) space.

The second graphical device that is needed is the iso-profit curve. It represents the
combinations of w and L for which profits attain a given level. It can be interpreted
as the firm’s indifference curve. The slope of an iso-profit curve can be determined
in the usual fashion:

d
dn =0 = mpdw+ mdl =0 = (w) S (7.4)
AL ) ju—o Tw
We know from equation (7.2) that 77, = —L < 0, so that the slope of an iso-profit

line is determined by the sign of r;. But m; = AF, —w, and F;; < 0, so that
7Ty, is positive for a low employment level, becomes zero (at the profit-maximizing
point), and then turns negative as employment increases further. Hence, in terms
of Figure 7.1, the iso-profit curves are upward sloping to the left of the labour de-
mand schedule, downward sloping to the right of labour demand, and attain a max-
imum for points on the labour demand schedule. In Figure 7.1 a number of iso-profit
curves have been drawn, each associated with a different level of profit. Clearly, for
a given level of employment L, the level of profit is increased if the wage rate falls,
ie. drn/dw = m, < 0. Hence, the level of profit increases the further down the
demand for labour curve the firm operates, i.e. 77y < 711 < 72.

Trade union behaviour can also be represented graphically. The third schedule
to be derived concerns the union’s indifference curve. Obviously, the union will
not supply any workers to the firm at a wage rate below the unemployment benefit.
Hence, in terms of Figure 7.2, the restriction w > B, translates into the horizontal line
BC (which stands for benefit curve). Furthermore, the union is unable to supply any

! An indirect utility function differs from the usual, direct, utility function in that it depends on prices
and income rather than on quantities. The two are intricately linked, however. Indeed, the indirect utility
function is obtained by substituting the optimal quantity choices of the household back into the direct
utility function.
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Figure 7.1: The iso-profit locus and labour demand

more workers than its current membership. Hence, there is an additional restriction
L < N, which is the full employment line FE in Figure 7.2. Within the feasible region
(w > B and L < N), the slope of an indifference curve of the union is determined in
the usual way:

AV = Vydw + VidL =0 = %uwdw + % [(w) —u(B)]dL =0 =
<dw) = _M <0. (7.5)
dL ) zv—o Luy

Hence, the union’s indifference curves are downward sloping. Furthermore, union
utility rises in a north-easterly direction (because V; = (L/N)u, > 0 and Vp =
[u(w) —u(B)]/N > 0),ie. V, > V5 >V, in Figure 7.2.

7.1.1 The monopoly model of the trade union

Perhaps the oldest trade union model is the monopoly model developed by Dunlop
(1944). The trade union is assumed to behave like a monopolistic seller of labour. It
faces the firm’s demand for labour (defined implicitly in (7.3)) and sets the real wage
such that its utility (7.1) is maximized. Formally, the problem facing a monopoly
union is as follows:

I?a}x V(w, L) subjectto 7y (w, A, L K)=0, (7.6)
w

where the restriction 717, = 0 ensures (by equation (7.3)) that the monopolistic union
chooses a point on the labour demand function. In words, the demand for labour acts
like the “budget restriction” for the monopolistic union. By substituting the labour
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Figure 7.2: Indifference curves of the union

demand function (given in (7.3)) into the union’s utility function, the optimization
problem becomes even easier:

max V (w, LP(w, A, K)), 7.7
nax v (w, 17w, 4, K)) 7.7)
so that the first-order condition is:

av

75 =0 Vo+Vilg =0, (7.8)
which implies that V;,/V; = —LE. The slope of the union’s indifference curve

should be equated to the slope of the demand for labour.?

The monopoly union solution is illustrated in Figure 7.3. The wage rate is set
at wM, the union attains a utility level VM, and employment is LM. The union has
(N — LM) of its members unemployed. How does this unemployment level com-
pare to the competitive solution? If there were no unions, the effective labour sup-
ply would coincide with the BC line. The forces of the free market would force the
wage rate down to w = B, so that point C in Figure 7.3 represents the competitive
point. Employment is equal to LC which is greater than employment with monopoly
unions, i.e. L* > LM. Hence, the monopoly union causes more unemployment than
would be the case under perfect competition, and the layman’s sentiments men-
tioned in the introduction are confirmed.

Recall that one of the reasons for being interested in models of union behaviour is
to investigate their potential in explaining the (near) horizontal real wage equation
(see Figure 6.6). What happens if there is a productivity shock in the monopoly
model? In the competitive solution (point C in Figure 7.3) there is only an effect

Ttis possible that the union cannot choose this interior solution because the firm would make too little
profit there. In such a case a corner solution is attained, and (7.8) does not hold with equality. We ignore
this case here.
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Figure 7.3: Wage setting by the monopoly union

on real wages if the productivity shock (dA) is very large, i.e. if the new labour
demand equation intersects with the FE line at a wage rate above B. Something
similar happens in the monopoly union model. In order to derive the real wage
effects of a productivity shock, we first rewrite (7.8) in a more intuitive form:

L 1
Vw —|— VLLY,DU = ﬁ s Uy + N . [u(w) — M(B)] LZ% = 0
L wLD]
= M — i, (7.9)
Wily ep
where ep = —ng /L is the absolute value of the labour demand elasticity. If this

demand elasticity is constant (as is the case for a Cobb-Douglas production func-
tion), then a productivity shock has no effect on the real wage rate chosen by the
monopoly union. Only employment reacts to a productivity shock, and the model
indeed predicts a rigid real wage.

Obviously, as for the competitive case, this conclusion must be qualified if the
union is fully employed (L = N). In that case the union’s effective utility function
is (via (7.1)) equal to V(w, L) = u(w), which no longer depends on the employment
level. As a result, the fully employed union is only interested in high real wages,
and its optimal strategy is to set w = AF;(N,K). This is the point of intersection
of the FE line and the labour demand curve. Any positive productivity shocks are
immediately translated into higher wages.

In the monopoly union model the trade union unilaterally picks the wage and
the firm unilaterally chooses the level of employment it wants at that wage. In the
next union model this setting is made more realistic by assuming that the firm and
the union bargain over the wage rate.



186 FOUNDATIONS OF MODERN MACROECONOMICS, SECOND EDITION

7.1.2 The “right to manage” model

The right to manage (RTM) model was first proposed by Leontief (1946). The firm
still has “consumer sovereignty” in the sense that it can unilaterally determine the
employment level (hence the name “right to manage”), but there is bargaining be-
tween the firm and the union over the real wage. The outcome of the bargaining
process is modelled as a so-called generalized Nash bargaining solution (see e.g. Bin-
more and Dasgupta, 1987, and Booth, 1995, pp. 150-151). According to this solution
concept, the real wage that is chosen after bargaining maximizes the geometrically
weighted average of the gains to the two parties. In logarithmic terms we have:

r?a}x Q=Aln(V(w,L) = V)+ (1—A)In(n(w, L) — 7)

subject to 71;(w, A, L,K) =0, (7.10)

where V' = u(B) is the fall-back position of the union, 7 is the fall-back position of
the firm, and A represents the relative bargaining strength of the union (0 < A < 1).
Obviously, the monopoly union model is obtained as a special case of the RTM model
by setting A = 1. We have already argued that the union has no incentive to accept
wages lower than the unemployment benefit B, where utility of the union is at its
lowest value of V(w, L) = V(B, L) = u(B). This rationalizes the fall-back position of
the union. For the firm a similar fall-back position will generally exist. To the extent
that the firm has fixed costs, minimum profit must be positive, i.e. 7 > 0.

The maximization problem is simplified substantially if we substitute the con-
straint (the labour demand function) into the objective function. Indeed, by substi-
tuting (7.3) into (7.10) we obtain:

%%?QzaUnOdeDwM&KnAWO4{1—AﬂnoﬂmLDwM&K»—ﬁ),

(7.11)

for which the first-order condition is:
dQ 3 Vet VL_Lg

Tlw + 7T Lg
el 1—)) -2 Phmw
dw V-V + ) T— 7T

The numerator of the first term on the right-hand side of (7.12) can be simplified to:

0. (7.12)

Vi + Vi LD = % : [wuw —¢ep [u(w) — u(B)] } (7.13)

Furthermore, the second term on the right-hand side of (7.12) becomes:
Mo+ m LY = my = L, (7.14)

since the solution lies on the labour demand curve, so that 7r;, = 0. By substituting
(7.13)-(7.14) into (7.12), and simplifying, we obtain the real wage expression for the
RTM model (the counterpart to (7.9)):

g e vt =
%[wuw —ep [u(w) *”(B)” - WL -
(I1—-A)wL

wity — €p [u(w) — u(B)] = (7.15)

m [u(w) —u(B)],
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Figure 7.4: Wage setting in the right-to-manage model

where we have used the definition of 7 (in (7.2)) and the fact that V — V = (L/N)
(u(w) — u(B)) in the final step. Continuing the derivation, we obtain:
u(w) — u(B) _ 1 = (1-MNwr >0,
Wikyy ep+¢ Ml —wp — wr)

(7.16)

where w; = wL/Y is the share of labour income in total income, and w, = /Y is
the share of the minimum profit level in total income.

Equation (7.16) shows that the real wage markup that rolls out of the bargaining
process is lower than under the monopoly union model (unless the union has all the
bargaining power, in which case A = 1, ¢ = 0, and (7.9) and (7.16) coincide). The
RTM solution can be illustrated with the aid of Figure 7.4. For ease of reference, the
monopoly solution M and associated iso-profit curve 7 have also been drawn. The
RTM solution lies on the labour demand curve, but at a wage level below that for
the monopoly solution. It is indicated by point R where the profit level of the firm is
7R > 7M. Compared to the competitive solution (at point C), there is still too little
employment, and too much unemployment. Compared to the monopoly solution,
however, unemployment is lower.

The exact location of point R depends on the bargaining strength of the union, as
represented by the parameter A. The higher is A, the closer point R lies to point M.
On the other hand, if A is very low, then ¢ is very large (see (7.16)) and the wage is
close to the competitive solution, i.e. w ~ B. Hence, depending on the magnitude of
A, R can be anywhere on the labour demand curve between points M and C.

A major problem with the RTM solution is that the chosen wage-employment
outcome is Pareto-inefficient, i.e. it is possible to make one of the parties involved
in the bargain better off without harming the other party. This can be demonstrated
with the aid of Figure 7.4. At point R, the union attains a utility level of VR and
the firm has a profit level of 7R, The firm is indifferent for all (w, L) combinations
along the iso-profit curve 7%, but the union’s utility strictly increases if a point off
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the labour demand curve is chosen. Indeed, the efficient solution occurs at the point
where there is a tangency between the iso-profit curve 778 and an indifference curve
for the union. This occurs at point EX, where the union attains a utility level VRE >
VR, (For the same reason, point M is also inefficient, but point C is efficient. Verify
these claims.)

Economists are not particularly fond of inefficient solutions, especially in the
“small numbers” case-that we are considering here-with only two parties bargain-
ing. One would expect that the two parties would be sufficiently smart to eliminate
the type of inefficiency that exists in the RTM and monopoly model. For that reason,
the efficient bargaining model was developed by McDonald and Solow (1981).

7.1.3 The efficient bargaining model

McDonald and Solow (1981) analyse the case where the union and the firm bargain
simultaneously over wages and employment. Again the bargaining problem can be
analysed within a generalized Nash bargaining setup. Now the negotiations lead to
the maximization of () by choice of the appropriate wage-employment combination:

I{naz<}Q =Aln(V(w,L)—V)+ (1 —=A)In(n(w, L) — 7). (7.17)

The first-order conditions for this problem are:

a0 A 1—-A
o A Va2 om0, (7.18)
a0 A 1—-A
BL_V—V'VL+7I—7‘T'7TL_O' 7.19)

By combining (7.18)-(7.19), the so-called contract curve is obtained:

_1*/\ A Vw A VL VL—E

T—rn V-Vre V-Vnar Vo 7w

(7.20)

In words, the contract curve (CD in Figure 7.5) represents the locus of (w, L) combi-
nations for which efficient bargaining solutions are obtained. For any point on the
contract curve, there is no (w, L) combination that makes one party better off without
simultaneously harming the other party. In graphical terms, the contract curve rep-
resents all tangency points between iso-profit curves and union indifference curves.

One immediate implication of the efficient bargaining model is that the real wage
exceeds the marginal product of labour. Indeed, (7.20) says that 71 = V71 / Vi < 0
(since Vi > 0, V > 0, and 71, < 0). Hence:

n, = AF (LK) —w <0 < w> AF(LK). (7.21)

Hence, with the exception of the competitive solution, efficient contracts are not on
the labour demand curve. Of course, we have already discussed three points on the
contract curve, namely points C, ER and EM in Figure 7.4.

In Figure 7.5, the entire contract curve is drawn as the dashed line connecting
points C and D. We assume that full employment is possible in principle. This means
that the profit level associated with the full employment level on the contract curve
(point D) exceeds the fall-back profit level of the firm (i.e. 7fE > 7). In that case,
the entire line segment CD constitutes the contract curve. As it stands, the model
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Figure 7.5: Wages and employment under efficient bargaining

is not yet fully specified because it does not yield a prediction about any particular
wage-employment outcome-all (w, L) combinations along the line CD are efficient.
McDonald and Solow (1981, p. 903) suggest closing the model by postulating a so-
called “fair share” rule. After repeated interactions in the past, the union and the
firm have somehow settled on a “fair” division of the spoils. In terms of the model,
the equity locus (EE) can be written as follows:

wL =kY =kAF(L,K), 0<k<1, (7.22)

where k is the share of the spoils going to the union (the firm gets 1 — k of output
in the form of profits). The slope of the equity locus can be determined in the usual
fashion:

dw o kAFL —w

Ldw + wdl = kAF;dL = () = —F— <0, (7.23)
EE

dL

where the sign follows from the fact that 7; = AF, — w < 0 (solution lies to the
right of the labour demand function) so that a fortiori w > kAF;. The equity locus
is downward sloping and shifts up and to the right if labour’s share of the pie (k) is
increased.

By combining the equity locus EE and the contract curve CD, the equilibrium
wage-employment combination is obtained at Eg. A very surprising conclusion is
reached. Compared to the competitive solution (point C), employment is higher
(and unemployment is lower) under the efficient bargaining model (LEE > LC). The
layman’s sentiment, mentioned in the introduction to this chapter, is only partially
correct. Wages are higher than in the competitive solution (w*? > B) but employ-
ment is also higher than in the competitive solution. The intuition behind this result
is that the union prevents the firm from grabbing the maximum profit level (at point
C), and instead turns some of this profit into jobs for union members.

In that sense the next conclusion that can be drawn on the basis of the efficient
bargaining model is perhaps less paradoxical than it may appear at first sight. Wage
moderation, as modelled by a smaller share of the pie for labour (dk < 0), turns out
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to be bad for employment! Graphically, a lower k shifts the EE locus down and to the
left, shifting the equilibrium from Eg to E;. The power of the firm is de facto increased,
and the wage-employment combination is forced closer to the competitive solution.

Hence, the efficient wage bargaining model yields some surprising conclusions.
The problem with the model appears to be its tenuous empirical relevance. Although
simultaneous bargaining over wages and employment is efficient, it is hardly ever
observed in practice. It therefore appears that the RTM model (which includes the
monopoly model as a special case) has a closer affinity to reality than the efficient
bargaining model. In other words, in the real world the relevant case appears to be
that firms and unions negotiate over the wage rate, but that the firm can unilaterally
determine the employment level.

7.1.4 Trade unions in a two-sector model

Before turning to the next issue, it is instructive to study the effects of trade union
behaviour in a two-sector setting. This allows us to study the spillover effects that
unions may have on the non-unionized sector of the economy. Suppose that labour
is homogeneous, but that there are two sectors in the economy. The first sector,
called the primary sector, is unionized, and the second, called the secondary sector, has
a competitive system of wage determination. The labour force is fixed, and equal to
N. Employment in sector i is denoted by L;, and U is the number of unemployed
workers, so that N = L; + L, + U. We assume that a monopoly unions sets the
wage in the primary sector. The demand for labour in the two sectors is given by
LP(wy) and LY (w,), respectively, where w; is the wage in sector i. These sched-
ules are drawn in Figure 7.6. In the primary sector, the monopoly union selects the
tangency point of a union indifference curve and the demand for labour (point M).
The wage rate is w} and employment is L}. In the absence of a union, and with
perfect mobility of labour between the two sectors, the common wage rate would
be at the market clearing competitive level w®, and employment in the two sectors
would be L and LS, respectively. If the union sets the wage in the primary sector
at wM, however, all workers that cannot find a job in that sector supply their labour
inelastically to the secondary sector, so that the wage rate in that sector is w)! and
employment is LM = N — Liw. Hence, with a monopoly union in the primary sector,
there is full employment of labour at the aggregate level, but wage disparity between
the primary and secondary sectors. Workers in the secondary sector would rather
work in the primary sector (because wages are higher there), but are prevented from
getting work there because of the union’s wage-setting power.

Suppose now, however, that unemployment benefits equal B, and that B exceeds
the wage for which full employment would prevail in the economy, i.e. B > w).
In such a case, employment in the two sectors would equal L} and L5, respectively,

and unemployment would be equal to U”.

7.2 Corporatism

Our fifth stylized fact in Chapter 6 suggests that there are large differences in the
unemployment rates of countries of the developed world. We saw that (at least up
until the early 1990s) countries such as the US, Japan, Austria, Sweden, Norway, and
Finland are characterized by low unemployment, whilst countries such as Belgium



CHAPTER 7: TRADE UNIONS AND THE LABOUR MARKET 191

Wy b D Wa
Ly(w,) Lo(w,)
M
Wy [~
WE bomme J: ________________________________________________
B 5 5
o, 4
) DTS
M B Cc OZ
LZ LZ L2

Figure 7.6: Unemployment in a two-sector model

and the Netherlands have high unemployment. Calmfors and Driffill (1988) suggest
that the unemployment rate may have something to do with the degree of corpo-
ratism that exists in the economy, and that the relationship is parabolic, as is drawn
in Figure 7.7. Although the concept of corporatism is hard to define precisely, Calm-
fors and Driffill intend it to mean the degree of centralization of the wage-setting
process. In terms of Figure 7.7, a low degree of corporatism is found in countries
such as Japan, Switzerland, Canada, and the US, since these countries are character-
ized by relatively competitive labour markets. A very high degree of corporatism
is found in countries such as Austria, Norway, Sweden, Denmark, and Finland. An
intermediate degree of corporatism is found in the Netherlands, Belgium, and Aus-
tralia.

The reason why highly corporatist countries have a good unemployment record
may be that highly centralized unions tend to internalize external effects that smaller
unions would cause. First, higher wages at the microeconomic level translate to a
higher price level at the macroeconomic level. Small unions do not take this wage-
price spiral into account, but large national unions may. Second, higher wages mean
both higher unemployment, and in most countries, higher civil servants” wages
(via the indexing clauses), thus raising the government’s revenue requirement. To
the extent that the additional revenue must be raised by means of higher tax rates,
union members may not experience an increase in their after-tax wages. Again, large
unions are more likely to internalize this external effect than small unions. Third, it is
possible that leapfrogging effects (see Chapter 6) are important when there are small
unions. With a high degree of centralization, however, these effects will be absent. A
national union cannot overbid its own wage claim (Layard et al., 2005, p. 30).

The reason why countries with a low degree of centralization fare well on the
unemployment front is that unions, if they exist at all, are very small, have very little
power and are hence rather harmless. As a result, the fact that these small unions do
not internalize externalities does not matter much, because the externalities them-
selves are small in that case.
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Figure 7.7: Unemployment, real wages, and corporatism

Unemployment is at its worst for intermediate cases. There, unions are large
enough to cause some damage (in the form of higher wage claims and lower em-
ployment levels), but too small to feel inclined to internalize the external effects
mentioned above. By being neither one nor the other, the countries characterized
by an intermediate degree of centralization inherit the bad features of both extreme
cases.

7.3 Fiscal increasing returns

Blanchard and Summers (1987a) argue that the countries in the EC are character-
ized by so-called fiscal increasing returns due to the existence of a large public sector.
Their idea is very simple: an increase in employment can be associated with a rise
in the after-tax real wage rate. Put in more colloquial terms, a tax cut can pay for
itself. Their argument is not based on the assumption that the economy is located on
the downward-sloping part of the Laffer curve (see Chapter 1), but rather on the fact
that high employment means low expenditure on unemployment benefits. The basic
mechanism can be demonstrated with the aid of a very simple model. There is per-
fect competition on the goods market and output Y is produced with the following
constant returns to scale production function:

Y =F(L,K), FL.>0> F, (7.24)

where L is employment and K is the fixed capital stock. Assume that the government
keeps its budget balanced if unemployment is diminished. The government budget
restriction is:

G+ pw(l—t)[N—L] =tY, (7.25)

where G is exogenous government spending on goods and services, t is the tax rate
(so that tY is tax revenue), N is the given labour force (so that N — L is the number
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of unemployed members of the labour force), wy = w(1 — t) is the after-tax real
wage rate, and B is the constant replacement ratio (0 < f < 1). It is assumed that the
unemployment benefit is linked to the after-tax real wage. The tax rate t ensures that
the government budget is balanced.

With perfect competition in the goods market, the demand for labour is implicitly
defined by the marginal productivity condition:

F (LK) = w. (7.26)

Equations (7.24)-(7.26) contain four endogenous variables (Y, L, w, and t), so that
a macroeconomic relationship between after-tax real wages wy and employment L
can be deduced:

F(L,K) — G — Bw(1 — t)[N — L]
F(L,K)

wy = w(l—t) = F(LK)- (7.27)
Equation (7.27) has a hump-shaped form, as has been illustrated in Figure 7.8. If
employment is very low, the effect of diminishing returns to labour is dominated
by the decrease in the tax rate which is made possible by the larger tax base. As a
result, net wages can rise. When employment is high, on the other hand, the reverse
happens: the tax rate effect is dominated by the decreasing returns to labour, and the
net wage falls as employment expands.

More formally, the slope of equation (7.25) can be calculated as follows (see the
Intermezzo below):

d;vLN — ((11:2:32 : [1 —UWL + (,B+ 1it> wL] , (7.28)

where wg is the share of government spending in output, w, is the share of labour
income in output, ¢ is the initial tax rate, and ¢ is the substitution elasticity between
capital and labour in the production function (see Intermezzo 4.3).

Blanchard and Summers (1987a, p. 548) close the model by assuming that the
after-tax real wage rate is fixed at some exogenous level, say @y in Figure 7.8. This
could be either because of extensive indexing or due to the influence of trade unions.
At that level of net wages, there are two equilibria; a “bad” equilibrium at E’ char-
acterized by low employment, and a “good” equilibrium at E", where employment
is high. It is likely that (some of) the EC countries may find themselves in the bad
equilibrium. If this is indeed the case, a rather perverse policy conclusion is reached.
A rise in the union’s wage claim turns out to be good for employment! The bad equi-
librium shifts from E’ to E”’. Conversely, wage moderation is bad for employment.
Furthermore, there is scope for a wage-tax deal between the government and the
unions. By keeping the after-tax real wage rate unchanged (at @y), a simultaneous
reduction in the tax rate and gross real wages can shift the economy from the bad to
the good equilibrium.

Blanchard and Summers (1987a) suggest, however, that the bad equilibrium is
unstable. To demonstrate this instability, we postulate the following ad hoc adjust-
ment rule for the tax rate:

i=7[G+pw(l—t)[N—L]—+tF(LK)], 7>0, (7.29)

where the gross real wage is given by (7.26) and we retain the assumption of a fixed
after-tax real wage wy. As is shown in the Intermezzo, around point E’, we have
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Figure 7.8: Fiscal increasing returns

that 0f /0t > 0: unless the economy is exactly at point E/, a small deviation away
from this equilibrium is self-perpetuating, so that the equilibrium is unstable. For
point E””/, on the other hand, we have that 9f /9t < 0, which implies stability. Hence,
to the extent that @y is truly fixed, there are two possibilities if a country finds itself
in a bad equilibrium. Either there is automatic adjustment from the bad to the good
equilibrium, or there is a gradual deterioration of the employment performance ac-
companied by ever increasing tax rates. Of course, a wage-tax deal would help in
getting the EC countries from the bad to the good equilibrium.

Intermezzo 7.1

Stability in the Blanchard-Summers model. The relationship be-
tween wy and the employment level L, implied by equations (7.24)-
(7.26) can be deduced as follows. First, we loglinearize these equa-
tions with respect to Y, L, t, wy, and w:

Y = (,ULE, (a)
(t —wg)dn — B(1 — twr L =Y + (1 —t)E, (b)
o=-1"%Lp, ©

g

where Y = dY/Y, L = dL/L, Wy = dwy/wn, F=dt/(1-t), @ =
dw/w, wg = G/Y,and w; = wL/Y. In view of the definition of wy;,
we also have that:

N =W —I. (d)
By substituting (a)-(c) into (d) and simplifying, the following expres-
sion is obtained.

1—t 1—wr t =
- - : L)L
NT T g L (ﬁ—’—l—tﬂ (©)

<
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Since L = dL/L and Wy = dwy/wy we can rewrite (e) to obtain
(7.28).

Stability of the equilibria E’ and E”” can now be investigated. The
adjustment mechanism (7.29) is linearized as follows:

di = —vY [B(1 — wr L+ tY + (1 - t)f]. ()

By using (a) and (c), and recognizing that @y = 0 (as a result of the
wage-tax deal), so that @ = f, we obtain from (f):

ra(p)e @

- oY {_1 — wr,

1—-wp o

Hence, by (e), df/dt < 0if wy depends negatively on L and df /dt > 0

in the opposite case. Hence, point E’ is unstable and point E" is
stable.

ety

7.4 Hysteresis and the persistence of unemployment

The second and fourth stylized facts from Chapter 6 demonstrate that there is a high
degree of persistence in the European unemployment rate. How can models based
on trade unions explain this phenomenon? The key to the solution is found in the
membership rule of the union. Up to this point we have assumed that the typical
union has a fixed number of members (say N members, as in section 2). It is possi-
ble, however, that unemployed union members either quit the union, or worse, are
kicked out. What may happen in such a case is illustrated with the aid of the simple
model by Blanchard and Summers (1986, 1987b).

Suppose that the demand for each firm’s product depends on the real money
supply (an index of aggregate demand) and the relative price of the product vis-a-vis
the general price index:

yi=(m—p)—a(pi—p), a>1, (7.30)

where all variables are measured in logarithms, y; is output, m is the money supply,
p; is the price charged by firm i, and p is the aggregate price index. There are constant
returns to scale, and only labour is used in the production process. The production
function is y; = [;, where [; is employment in firm i. Perfect competition in the goods
market implies that price is set equal to marginal cost, so that p; = w;. Hence, the
demand for labour is given by:

li=(m—w)—a(lw; —w), (7.31)

where w is an aggregate index of nominal wages.

Each firm has a given number n; of attached workers. Only the interests of these
workers are taken into account in the wage bargaining process, for which reason
these workers are referred to as the insiders. Only if all insiders are employed by
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the firm, is the firm allowed to hire any outsiders. We assume that the group of
insiders has sufficient bargaining power to set the wage unilaterally. Furthermore,
it is assumed that the wage is set such that the expected employment is equal to the
number of insiders:

E(l;) = nj

17

(7.32)

where E is the expectations operator. By using (7.31)-(7.32), we derive that E(l;) =
E(m) — E(w) — a(w; — E(w)) = n}. All firms are identical and all insider groups
have the same size, so that the equilibrium is symmetric. Consequently, all insider
groups choose the same nominal wage, so that:

w; = w = E(w). (7.33)

It follows that n} = E(m) — w. By substituting this expression into (7.31) we obtain
the final expression for employment (per firm):

i = m—w—a(w;—w)=m—E(m)+n =
I = (m—E(m))+n", (7.34)

where the firm index i can be dropped in the final step due to symmetry (i.e., I; = I
for all 7). Equation (7.34) shows that only the unexpected shock in aggregate demand
has any effect on employment (per firm). Suppose that the membership rule of the
group of insiders is as follows: n’ = [;(—1), i.e. only insiders that were employed
in the previous period will belong to the group of insiders in the current period. By
substituting this membership rule into (7.34), the hysteresis effect is obtained:

I = (m—E(m))+1(~1), (7.35)

which, for a given labour force 7, can be rewritten in terms of the unemployment
rate U as:®

U=—(m—E(m))+U(-1). (7.36)

Equation (7.36) yields the very strong conclusion that the unemployment rate fol-
lows a random walk. To the extent that aggregate demand surprises are random, the
change in unemployment, AU is random also. There is no tendency for the unem-
ployment rate to converge to any particular level. The intuition behind this result is
straightforward. After a bad shock, employment falls (by (7.35)). The unemployed
become outsiders, and the remaining insiders are not inclined to lower wages to get
their former comrades back into a job. The opposite holds after a positive aggregate
demand shock.

Of course, the hysteresis result is far too strong, both for empirical and theoret-
ical reasons. Empirically, as we saw in Chapter 6, the unemployment rates in the
UK and US display a lot of persistence but no hysteresis. The autoregressive coeffi-
cient in the unemployment process (see equation (7.3)) is high but not equal to unity.
Theoretically, an unsatisfying assumption made so far is that the insiders have all
the bargaining power and can set the wage unilaterally. Firms, in other words, are
unable to appoint the unemployed who may be willing to work at a lower wage.

3In levels, the unemployment rate is given by U = (N —L)/N = 1— (L/N) ~ —In(L/N) =i — |,
where the approximation is valid for small unemployment rates.
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It turns out, however, that the model can be salvaged quite easily. Following
Blanchard (1991), the bargaining process between the firm and the group of insiders
is made more interesting by recognizing an explicit role for the unemployment rate.
Unemployment has two distinct effects in the bargaining process. First, there is the
fear effect that we also encountered in the efficiency wage models (see Chapter 6).
If unemployment is high, a typical insider is a bit more modest in his/her wage
claims. If unemployed, it may not be so easy to find another job. Second, the threat
effect exists. If unemployment is high, employers can threaten current employees
(the insiders) that they will be replaced by (hungry) unemployed workers.

A simple model that includes both aspects is the following. Labour demand is
very simple:

l=—-w+e, (7.37)

where ¢ is a stochastic shock (with E(e) = 0), [ is employment, and w is the wage
rate (all in logarithms). Just as in the previous model, it is assumed that wages are set
such that the insiders (of which there are /(—1)) expect to have a job in the current
period, i.e. w* = —I(—1). An unemployed person receives the unemployment ben-
efit plus the utility value of leisure, the sum of which can be expressed in pecuniary
terms by the reservation or unemployment wage, wr (if all workers were to receive wg,
expected employment would be equal to [g = —wg). Assuming that unemploy-
ment is the correct indicator for labour market conditions for both the firm and the
insiders, the actual wage w is assumed to be set as follows:

w=aw"+(1—a)wg —b(n—1), 0<a<1,b>0. (7.38)

Equation (7.38) says that the actual wage (w) is a weighted average of the wage insid-
ers would choose (w*) and the reservation wage (wgr) (with weight a, representing
the bargaining strength of the insiders), with a correction for the unemployment sit-
uation in the labour market. If unemployment U = 71 — [ is very high, insiders are
more modest in their wage claims, and the wage is lower. By simple substitutions
the following expression for the unemployment process is obtained:

a 1—a 1—a_ 1
= U Rt T e

u (7.39)

Since 0 < a < 1and b > 0, equation (7.39) shows that the unemployment rate
displays persistence but no hysteresis. If b is high (strong influence of unemploy-
ment on the bargained wage rate) then there is little persistence. Furthermore, if
insider power is high (a close to unity), persistence is high. Hence, this version of
the insider-outsider model does indeed deliver more sensible predictions.

7.5 Applications of trade union models

In this section some of the union models discussed in this chapter are used to study
two issues. First, we continue our study of the effects of taxation on employment,
wages, and unemployment. Second, we study the effects of unions on the rate of
investment by the firm.



198 FOUNDATIONS OF MODERN MACROECONOMICS, SECOND EDITION

7.5.1 The effects of taxation

In order not to unduly test the reader’s patience, only one tax experiment is con-
ducted. Suppose that the system of income taxes is progressive, that unemployment
benefits are untaxed, and that the tax function is given by T(w), so that the marginal
tax rate is ty; = dT/dw and the average tax rate is t 4 = T/w. It is assumed that the
monopoly union model applies, and that the union’s utility function is augmented
(from (7.1)) to include income taxes:

Viw,L) = % u(w(1 —tg) + [1 - H -u(B), (7.40)

so that the first-order condition for the optimal wage is:

v _
dw

[u(0(1 = t4)) — u(B)] LB + LPuyy_, {(1 ) - w% —0. (7.41)

This expression can be simplified by using the result that wdt , /dw = t); — t4 and
using the labour demand elasticity ep (defined below (7.9)):
u(w(l—ta)) —u(B) s

(
—, 7.42
w(l— tA)uw(l_tA) eDp ( )

where s = (1 —tpr)/(1 — t4) is the index of progressivity of the tax system. For a
progressive tax system, tp; > t 4, so thats < 1. Recall from Chapter 6 that an increase
in progressivity of the tax system is represented by a decrease in s.

For example, assume that the representative union member’s indirect utility func-
tion is given by u(-) = In(+). Then the markup equation (7.42) is simplified to:

B
— A

From (7.43) we can see that the gross wage w (and thus unemployment U) rises if
the unemployment benefit (B) rises, the degree of progressivity falls (s rises), and
the average tax rate (f4) rises. These conclusions are very similar to those that were
obtained for the efficiency wage model in Chapter 6.

7.5.2 Unions and investment

Are unions good or bad for investment? Intuitively one would think the latter. The
argument might go as follows. When capital is a variable production factor, the
demand for labour becomes more elastic. This creates a conflict between what is
optimal for the union in the short run and in the long run. Take, for example, the
case of the monopoly union discussed in section 1.1. There it was shown that the
wage markup bears an inverse relationship with the labour demand elasticity. A
short-sighted union will push for high wages and suffer the consequences in the
future as firms accumulate capital and labour demand becomes more elastic. Far-
sighted unions, on the other hand, will demand a lower wage, in the hope that the
firm will not invest too much, so that the wage in the future will be comparable. A
kind of wage smoothing behaviour may emerge.

This is not the end of the story, however, since there is a credibility problem as-
sociated with the wage smoothing union, due to the fact that investment is largely
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irreversible. The union can announce to the firm that it will follow a smooth (and
moderate) wage policy, after which the firm will invest. Once the firm has invested,
however, the firm is a “sitting duck” for the union. The capital stock cannot be
shifted easily so the union can renege on its promise of moderate wages and skim
off a large part of the firm’s profits. But the firm knows beforehand that the union has
this incentive to cheat, and consequently will not believe the union’s announcement
of smooth and moderate wages. As a result, it invests less, in order to minimize the
risk and impact of being cheated in the future. This is the famous underinvestment
result, discussed for example in van der Ploeg (1987b). We shall return to credibility
issues in Chapter 9, where we shall also illustrate how reputational forces can over-
come (some of) the problems associated with dynamically inconsistent behaviour.

The remainder of this section serves to demonstrate the underinvestment result
in a simple two-period model of the interaction between a monopoly trade union
and a firm. This example is a simplification of the model presented in van der Ploeg
(1987b). The firm exists for two periods (now and in the future) and has a given
capital stock Kj at the beginning of period 1. Real profits in the two periods are
equal to:

71 = F(Ly,Ky) — w1 Ly — @(Ih), (7.44)
7o = F(Lp, K1 + ) — wyLy, (7.45)

where 71; is real profit in period t (= 1,2), L; is employment, I; is investment, w;
is the real wage rate, F(-,-) is a constant returns to scale production function, and
®(+) is the installation function for investment. As we have shown in Chapter 4,
this function captures the existence of internal adjustment costs that are rising (at an
increasing rate) in the rate of investment, i.e. ®; > 0 and ®;; > 0. Obviously the
firm does not invest in the second period because our stylized world comes to a close
at the end of that period. Furthermore, we have assumed for convenience that the
capital stock does not depreciate. The firm chooses its employment and investment
levels in order to maximize the present value of its stream of profits, which is defined
as:

Uy
1+7r

F(L1,Kq) —wiLy — ®(Ip) +

II=m+

F(Ly, Ky + L) —wyLap
147

, (7.46)

where r is the real interest rate. The first-order conditions for the optimization prob-
lem are:

aaTH = FL(LHKl) — w1 = 0, (747)
1

dll 1

FT (L) + mFK(LZIKl +15) =0, (7.48)
oIl 1

o L i) o oo

In order to keep the model as simple as possible, we work with specific functional
forms for the firm’s production and adjustment cost functions, and the utility func-
tion of the representative union member. The adjustment cost function is quadratic
(see equation (4.2)), i.e. ®(-) = I;(1+ bly), and the production function is assumed
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to be Cobb-Douglas, i.e. Y; = L¥K! %, with 0 < « < 1 and Y; representing output.
By using these specific functions, equations (7.47)-(7.49) can be written as:

o= (2" g (7.50)
1 w, s
€D
Ly = (“) K1+ L], (7.51)
wa
1
L = % (7.52)
Fx(Lp, K1+ ) 1—a [ a \*P
E p— — 7.
q 147 14+7 \ws ! (7.53)

where ep = 1/(1 —a), LP is the firm’s demand for labour in period ¢, and g is
Tobin’s g-ratio discussed extensively in Chapter 4. Equations (7.50)-(7.51) show that
the elasticity of labour demand is constant. Equation (7.52) shows that investment
is increasing in Tobin’s g, which itself depends negatively on the exogenously given
real rate of interest ¥ and the real wage rate in the second period wj.

The monopoly trade union has the following lifetime utility function:

1
Q= V(wll Ll) + mv(wZ/ LZ)/ (754)
where p is the pure rate of time preference (see Chapter 5), and V(wy, L;) is the in-
stantaneous utility of the union, that is defined as follows:

Viw, L) = %u(wt) + [1 - i;] u(B), (7.55)

which indicates that membership of the union is fixed at N, and the unemployment
benefit is constant over time. The optimal plan for the union consists of choosing w;
and wy such that (7.54) is maximized given (7.55) and the labour demand functions
(7.50)-(7.51). The necessary conditions for this optimization problem are:

00 oV 9V aLP

8w1 a 8w1 8L1 8w1 =0 (756)
JLD D

00 _ ov oV [oLf aLPon ag | _ 757)

awz 8w2 aLz awz 811 aq 8w2

Equation (7.56) has a form identical to the one obtained for the static case (see e.g.
equation (7.8)). A point of tangency is found between a union’s indifference curve
and the labour demand curve. Assuming that the utility function of the representa-
tive union member is logarithmic (u(-) = In(-)) equation (7.56) can be rewritten by
using (7.50) to yield:

1 _w@)—ulB) B =

ep  withw(wi)
1
Inw] =InB+ —. (7.58)
€D

Equation (7.57) is slightly more involved. The union realizes that the wage that it
chooses for the second period influences the firm’s investment decision: the higher
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the wage in the second period, the lower the rate of investment by the firm. Com-
pared to the static case with no investment, therefore, the demand for labour in the
second period is more elastic, and the wage rate chosen by the union is lower. Specif-
ically, we can easily derive that:

LI u(wz) — u(B) =Inwy, —InB =
ep +¢ Walky (Ww2)
Inw; =InB+ oD :_ 5 (7.59)
where ¢ is defined as:
_ P ohw  lameploafa )P 7.60)
dl; ow, LzD - 2b L? 1+7 \wy ' '

Comparing the optimal wage rates in the two periods (as given in (7.58) and (7.59)),
it is clear that the wage is lower in the second period, i.e. wj > wj3. By offering low
wages in the second period, the firm is encouraged to invest a lot.

The problem with the optimal union wage profile (wj, w3) is that the firm will
not believe that the union will stick to it! Indeed, if a legally binding agreement
is impossible, the union will not stick to the wage rate w3 it has announced to the
firm when period 2 comes along. The reason is not that it has changed its mind in
the light of new information, but rather that it faces a different incentive structure
when period 2 comes along. In technical terms, the optimal policy for the union is
dynamically inconsistent. The reason why the firm does not believe that the union
will set the wage at w; in period 2 is easy to demonstrate. Suppose that the firm
did believe the union, and decided its investment plans according to (7.52)-(7.53)
with w3 substituted (call this investment level I}). At the beginning of period 2,
the firm has invested a lot and has a total capital stock of K; + I}, and demands
labour according to (7.51) with Ky + I] substituted. The union, however, observes
this demand for labour, knows that the capital stock cannot be shifted any more,
and makes its decision on the optimal wage in the second period on the basis of the
demand curve:

a \P
Ly = (w> Ky +I7], (7.61)
2

which is iso-elastic with wage elasticity ep (in absolute terms), so that the union sets
the wage in the second period at the same level as in the first period, i.e. Wy = wy >
wj. The firms knows this, and hence is not going to believe the union if it announces
ws.

’ So what is the solution to this conundrum? Although a more complete treatment
will have to wait until Chapter 9, common sense suggests a solution for our present
problem. The firm knows that it is going to get ripped off in the second period “come
hell or high water”. Hence, it expects to be charged the wage rate w$ = w? in both
periods (tf = 1,2), and bases its investment decision on this knowledge. Indeed,
this assumption on the part of the firm is consistent with the actual behaviour of the

union. For that reason, the wage profile (wlc, wzc) is called the time-consistent policy

of the union. But, since w] > wj (and thus wg > wjy), and investment depends
negatively on the wage rate in the second period, the firm will also invest less un-

der the consistent wage profile (w{,w$) than under the inconsistent wage profile
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(wj, wy ). Hence, the effect of a union that is unable to stick to its promises is to stifle
investment.

7.6 Punchlines

In this chapter the three most important models of trade union behaviour have been
studied, namely the monopoly union model, the right-to-manage model, and the
efficient bargaining model. The objective function of the union is the expected (or
average) utility of the union’s members. In most of the discussion we assume that
the number of union members is fixed.

In the monopoly union model, the union unilaterally picks a wage rate such that
union utility is maximized subject to the proviso that the solution lies on the labour
demand curve. The union thus acts as the monopolistic seller of labour exploiting
the downward-sloping labour demand curve of the firm. The optimal wage choice of
the union can be represented as a simple markup expression involving unemploy-
ment benefit and the elasticity of the labour demand function. The union’s choice
implies that both the wage and the unemployment rate are above their respective
competitive levels. Productivity shocks typically lead only to employment changes
so that the model is consistent with real wage rigidity. (The proviso must be made
because a union which is fully employed is only interested in higher wages so that
positive productivity shocks do not translate into employment expansions.)

In the right-to-manage model, the firm is still allowed to decide on employment
but the wage is the outcome of a bargaining process between the union and the
firm. Using the concept of generalized Nash bargaining, the resulting wage can
again be written in a markup format. In addition to unemployment benefit and de-
mand elasticity an additional component entering the markup solution is the relative
bargaining strength of the union. An attractive feature of the right-to-manage mo-
del is that it contains the monopoly union solution and the competitive solution as
special (extreme) cases. An unattractive feature of the right-to-manage solution is
that it is Pareto inefficient, i.e. it is possible to make one of the parties involved in
the bargaining strictly better off without making the other party worse off.

The efficient bargaining model solves this problem by assuming that the firm and
the union bargain over both the wage and the employment level. The outcome of this
bargaining process is a range of efficient wage-employment combinations. When
combined with a “fair share” rule, dividing output over the two parties, the model
predicts a unique wage-employment solution. Interestingly, wage and employment
are higher than under the competitive solution as the union turns profits into jobs.
Wage moderation, consisting of a smaller share of the output going to labour, is
bad for employment because the wage-employment solution moves closer to the
competitive solution.

In the remainder of this chapter we show a number of applications of the var-
ious union models. In Chapter 6 we saw that one of the stylized facts about the
labour market is that institutions may be an important determinant of the unem-
ployment rate. We briefly discuss the hypothesis that corporatism, loosely defined
as the degree of centralization of the wage-setting process, may be such an impor-
tant institution. Some authors have claimed that unemployment is low if there are
either many very small or few very large unions but that unemployment is high in
the intermediate case. Hence, high or low corporatism both lead to a low unemploy-
ment rate but intermediate corporatism does not. Intuitively, small unions do little
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harm, large nation-wide unions practise wage moderation because they internalize
the outcomes of excessive wage claims, but middle-sized unions are both strong yet
do not take into account all the adverse consequences of their wage claims on the
macroeconomy.

Another stylized fact that can be explained with the aid of a union model is the
high degree of persistence in the unemployment rate (the near-hysteresis effect). The
membership rule of the union turns out to form a key model ingredient explaining
hysteresis. If the unemployed union insiders become outsiders the next period, then
strict hysteresis applies. If the outsiders are allotted a role in the wage bargaining
process, via the reservation wage, then the model becomes more realistic and pre-
dicts a high degree of persistence.

As a final application of the union model, we study the effects of a monopoly
union on the investment plans of firms. It turns out that unions may be bad for firm
investment because of the hold-up problem. The optimal choice of the union is to
offer low wages in the future in order to induce the firm to invest a lot. This offer is
not credible to the firm, however, because once the firm has invested the union will
renege on its promise and demand higher wages. Intuitively, the union “holds up”
(as in a Western movie) the firm’s capital stock. The firm will formulate its optimal
investment and production plans in the full knowledge that it will be held up in the
future and will therefore invest less than it would otherwise have done. This is the
famous underinvestment result. The scenario sketched is an example of the dynamic
inconsistency which arises is many different settings in macroeconomics. In Chapter
9 we return to this important issue.

Further reading

On the interaction between union wage setting and firm investment, see Grout (1984),
van der Ploeg (1987b), Anderson and Devereux (1988), and Devereux and Lock-
wood (1991). Gottfries and Horn (1987) present a union-based model of unemploy-
ment persistence. Lindbeck and Snower (1988) is a good reference to the insider-
outsider literature. Manning (1987) embeds the union model in a sequential bar-
gaining framework. Koskela and Vilmunen (1996) study the effects of income taxes
in a union model. For good surveys of the union literature, see Oswald (1982, 1985),
Farber (1986), Pencavel (1991), and Booth (1995). See Cross (1988) for an interesting
collection of articles on hysteresis.



This page intentionally left blank



Chapter 8

Search in the labour market

The purpose of this chapter is to discuss the following issues:

1. How can we explain the duration of unemployment? We introduce a simple
model of search in the labour market.

2. What is meant with efficient unemployment? What does the Hosios condition
say about this concept?

3. How does taxation affect the equilibrium unemployment rate? How can we
reduce the equilibrium unemployment rate?

4. How can the search-theoretic approach explain observed persistence in the un-
employment rate?

8.1 Search in the labour market

The labour market in many countries is characterized by huge gross flows of work-
ers leaving a job and entering unemployment and vice versa. For example, for the
US the flow of workers entering or leaving a job amounts to 7 million per month
(Blanchard and Diamond, 1989, p. 1)! It would be tempting to argue that these enor-
mous flows, due to the simultaneous occurrence of job creation and job destruction,
are bound to cause problems. There are a lot of workers looking for jobs, and vice
versa. At a macroeconomic level, however, it appears that (at least in the US) the
labour market is relatively efficient at matching jobs and workers. As we saw in
Chapter 6, US unemployment seems to be relatively low and stable. The modern
theory of search behaviour in the labour market is specifically aimed at describing
this matching process that takes place in the labour market. This theory is radically
different from the previous labour market theories discussed so far in that the notion
of an aggregate labour market is abandoned. As Diamond (1982, p. 217) explains,
rather than assuming that the market is the mechanism by which workers and jobs
are brought together, the modern approach assumes that there is a search process
which stochastically brings together unemployed workers and vacant jobs in a pair-
wise fashion. This search process takes time and consequently causes loss of output.
When a worker and a job meet each other, negotiations take place to determine the
wage.

205
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8.1.1 A simple model

The modern theory of search makes use of the so-called matching function. This is a
hypothetical concept, not unlike the production function, which turns out to be very
convenient analytically. A matching function determines the number of job vacan-
cies that are filled (“matches”) each instant, as a function of the number of unem-
ployed job-seeking workers and the number of vacancies that exist (plus exogenous
variables). Firms have jobs that are either filled or vacant. It is assumed that only
vacant jobs are on offer. The firm is not searching for workers to replace existing (but
unsatisfactory) workers. Workers either have a job or are unemployed, and only the
unemployed engage in search. There is no on-the-job search in the model discussed
in this section. By making these assumptions, the two activities of production of
goods and trade in labour are strictly separate activities.

Firms and workers know the job-matching technology, and know that there is
an exogenously given job destruction process.> At each moment in time, a proportion
of the existing filled jobs are destroyed, say because of firm-specific shocks making
previously lucrative jobs unprofitable. In equilibrium, there is thus a constant inflow
into unemployment, and the model predicts an equilibrium unemployment rate that is
strictly greater than zero.

It is assumed that there are many firms and many workers, and that every agent
behaves as a perfect competitor. The fixed labour force consists of N workers, and
each worker who has a job supplies one unit of labour. (There is no decision on hours
of work by the worker, and effort of each worker is constant.) The unemployment
rate is defined as the fraction of the labour force without a job, and is denoted by
U. The vacancy rate is the number of vacancies expressed as a proportion of the
labour force, and is denoted by V. Hence, at each moment in time, there are UN
unemployed workers and VN vacant jobs “trying to find each other”.

The number of successful matches each instant in time depends on UN and VN
according to the matching function:

XN = G(UN, VN), (8.1)

where XN is the total number of matches, so that X is the matching rate, and G(-, -)
is a linearly homogeneous function, with Gy; > 0, Gy > 0, Gyy < 0, Gyy < 0,
and GyyGyy — G%IV > 0. The intuitive idea behind (8.1) is that at each instant
XN meetings occur between an unemployed worker and a firm with a job vacancy.
Which particular worker meets which particular job vacancy is selected randomly.

Consider a small time interval dt. During that time interval, there are XNdt
matches and VN vacant jobs, so that the probability of a vacancy being filled during
dt equals (XN /VN)dt. By defining g = XN/VN = X/V, we can use equation (8.1)
to write g as:

G(UN,VN) _VN-G(UN/VN,1)
q VN VN

where § = V /U is the vacancy-unemployment ratio that plays a crucial role in the
analysis. Obviously, since g(6)dt measures the probability that a vacancy will be

= G(U/V,1) = q(8), (8.2)

1The exposition given in this section closely follows Pissarides (1990, ch. 1). We focus on an intuitive
discussion of the model. More formal discussions of the matching model can be found in Mortensen and
Pissarides (1999a,b). In Appendix B to this chapter, a macroeconomic matching model is constructed and
analyzed.

2Mortensen and Pissarides (1994) and Pissarides (2000, ch. 2) develop a matching model with an
endogenous job destruction rate.
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filled in the time interval dt, q(0) can be interpreted as the instantaneous probability
of a vacancy being filled, and the expected duration of a job vacancy is 1/4(60). All
these results are derived more formally in the Intermezzo below.

In view of the assumptions about G(,-), the following properties of the q(0)
function can be demonstrated:

dg Gy
=g <O (8.3)
and
_ bdg Gy

10)=—13 =55 = 0<10) <1, (8.4)

where 7(0) is the absolute value of the elasticity of the g(6) function.?
Unemployed workers also find a match in a stochastic manner. For workers, the
instantaneous probability of finding a firm with a vacancy is given by XN /UN, the

number of vacancies expressed as a fraction of the number of unemployed workers.
This instantaneous probability can be written in terms of 6 also:

G(UN,VN) VN-G(UN/VN,1)
UN o UN

= (V/U)-G(U/V,1) = 0g(0) = £(0). (85)

The f(0) function has the following elasticity:

ff(ﬂflﬁ_ [q(@)—i—QZZ} qu@_uzgg—l—n(@bo- (8.6)

Since f(0) represents the instantaneous probability of an unemployed worker find-
ing a job, the expected duration of unemployment equals 1/ f(6) = 1/(64(0)). This
is intuitive, since unemployed workers find it easier to locate a job (and hence ex-
pect a shorter duration of unemployment) if 6 is high, i.e. if there are relatively
many vacancies. The definitions of () and f(6) in (8.2) and (8.5) show that there
is an intricate connection between the process linking workers to jobs, and the one
linking jobs to workers. This is obvious, since workers and vacancies meet in pairs.

The variable 0 is the relevant parameter measuring labour market pressure to
both parties involved in the labour market. This parameter plays a crucial role be-
cause the dependence of the search probabilities on 6 implies the existence of a trad-
ing externality. There is stochastic rationing occurring in the labour market (firms with
unfilled vacancies, workers without a job) which cannot be solved by the price mech-
anism, since worker and vacancy must first get together before the price mechanism
can play any role. The degree of rationing is, however, dependent on the situation in
the labour market, which is summarized by 6. If 8 rises, the probability of rationing
is higher for the average firm and lower for the average worker. The particular ex-
ternal effect that is present in the model is called the congestion or search externality
by Pissarides (1990, p. 6).

As was pointed out above, it is assumed that there is an exogenously given job
destruction process that ensures that a proportion s of all filled jobs disappears at
each instant. In a small time interval dt, the probability that an employed worker
loses his/her job and becomes unemployed is thus given by sdt (of course, by the

3The trick is to write (8.1) as XN = Gy UN + Gy VN, which implies ¢ = Gi;/6 + Gy. Hence, 7(0) =
Gu/(90) =1 — Gy /g, which is between 0 and 1 because 0 < Gy < 4.
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same token, the probability that a filled job is destroyed is also equal to sdt). Hence,
the average number of workers that become unemployed in a time interval dt equals
s(1 — U)Ndt and the average number of unemployed who find a job is given by
0q(0)UNdt. In the steady-state the unemployment rate is constant, so that the ex-
pected inflow and outflow must be equal to each other:

s(1 — U)Ndt = 6g(0)UNdt. (8.7)

By assuming that the labour force N is large, expected and actual inflows and out-
flows can be assumed the same, so that (8.7) can be solved for the actual equilibrium
unemployment rate:

S
U= a0y (58)

which implies that 90U /ds > 0 and oL /96 < 0.

8.1.1.1 Firms

Each firm is extremely small, has a risk-neutral owner, and has only one job, which
is either filled or vacant. If the job is filled, the firm hires physical capital K at a given
interest rate r, and produces output F(K,1). The production function is constant
returns to scale and satisfies Fx > 0 > Fxx and F;, > 0 > Fyp. If the job is vacant,
on the other hand, the firm is actively searching for a worker and incurs a constant
search cost of 7, per time unit. As was pointed out above, the probability that the
firm finds a worker in time interval dt is given by g(6)dt. Since each firm only has one
job, the number of jobs and firms in the economy coincide, and the free entry/exit
condition determines the number of jobs/firms.

Let /o denote the present value of the profit stream originating from a firm with
an occupied job, and let [y designate the same for a firm with a vacancy. With a
perfect capital market the firm can borrow freely at the given interest rate, and the
following steady-state arbitrage equation holds for a firm with a vacancy:

rlv=—7+4q(0)[Jo—Jv]. (8.9)

In words, equation (8.9) says that a vacant job is an asset of the firm. In equilibrium,
the value of this asset must be such that the capital cost rJy is exactly equal to the
return from the asset. The return consists of two parts, i.e. the constant search cost
that must be incurred each time unit (—7) plus the expected capital gain due to the
fact that the vacant job can be filled in the future (with instantaneous probability
q(0)). The capital gain is the difference in value of a filled and a vacant job, i.e.
Jo—Jv.

Since anyone who is prepared to incur the constant search cost each time unit can
set up a firm (with a vacancy) and start looking for a worker, free entry of firms will
occur until the value of a vacant job is exactly equal to zero. Conversely, if a vacant
job is worth a negative amount, exit of firms takes place and vacancies disappear.
This implies the following expression:

Jv=0 = 0=—7+q0)o = Jo= % (8.10)

The final expression is intuitive. The expected duration of a vacancy is 1/4(0) during
which the search cost vy must be incurred. In equilibrium the number of jobs/firms
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must be such that the expected profit of a filled job is exactly equal to the expected
cost of the vacancy.

For a firm with a filled job, the following steady-state arbitrage equation can be
derived:

rlo = F(K,1) — (r+ 8)K — w — s]o, (8.11)

where (r + J) is the rental charge on capital goods, and w is the real wage rate.
Equation (8.11) says that the asset value of a filled job is o and its capital cost equals
7Jo. This must equal the return from the filled job, which consists of two parts. The
first part is the surplus created in production, i.e. (the value of) output that remains
after the production factors capital and labour have been paid (this equals F(K,1) —
(r+6)K — w). The second part is the expected capital loss due to job destruction
(sJo)-

The size of each firm with a filled job is determined in the usual manner. The
firm chooses the amount of capital it wants to rent such that the value of the firm is
maximized. In terms of (8.11) we can write this problem as:

n{11?}x(r +s)Jo=F(K1)—(r+0)K—w = F(K,1)=r+4. (8.12)

This is the usual condition equating the marginal product of capital to the rental
charge on capital. By substituting (8.10) and (8.12) into (8.11), we obtain:*

(r+s)vyg B 7
F(K1)—w 7
s T e ®13)

The left-hand side of (8.13) represents the value of an occupied job, equalling the
present value of rents (accruing to the firm during the job’s existence) using the risk-
of-job-destruction-adjusted discount rate, r + s, to discount future rents. The right-
hand side of (8.13) is the expected search costs. With free exit/entry of firms, the
value of an occupied job exactly equals the expected search costs (see above).’

8.1.1.2 Workers

The worker is risk neutral and lives forever, and consequently only cares about the
expected discounted value of income (Diamond, 1982, p. 219). A worker with a
job earns the wage w, whilst an unemployed worker obtains the exogenously given
“unemployment benefit” z. This may consist of a real transfer payment from the
government but may also include the pecuniary value of leisure. Let Yg denote the
present value of the expected stream of income of a worker with a job, and let Y;; de-
note the same for an unemployed worker. Then the following steady-state arbitrage
equation can be derived for a worker without a job:

YYU =z+ 9q(9) [YE - Yu} . (8.14)

4We have used the linear homogeneity of the production function, which implies that F = FxK 41 x
F;,sothat F — FxK = F;.

51f there were no search costs for the firm (v, = 0), the model would yield the standard productivity
condition for labour (F; = w). With positive search costs, however, the factor labour receives less than its
marginal product. This is because the marginal product of labour must be sufficiently large to cover the
capital cost of the expected search costs.
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In words, equation (8.14) says that the asset Y{; is the human capital of the unem-
ployed worker. The capital cost of the asset must be equal to the return, which con-
sists of the unemployment benefit, z, plus the expected capital gain due to finding
ajob, i.e. YE — Yy5. As Pissarides (1990, p. 10) points out, rY7; can be interpreted in
two ways. First, it is the yield on human capital of an unemployed worker during
search. It measures the minimum amount for which the worker would be willing
to stop searching for a job, and hence has the interpretation of a reservation wage.
The second interpretation is that of “normal” or “permanent” income: the amount
that the unemployed worker can consume whilst still leaving his/her human capital
intact.
For a worker with a job the steady-state arbitrage equation reads as follows.

rYg=w—s[Ye— Yul. (8.15)

The permanent income of an employed worker differs from the wage rate because
there is a non-zero probability of job destruction causing a capital loss of Yr — Y7;.
By solving (8.14)-(8.15) for rY{; and rYE, the following expressions are obtained:
Yy — (r+s)z+0q(9)w’ (8.16)
r+s+0q(0)
sz [r+09(0)w  r(w—z)
 r+s+0g9(0)  r+s+6q(0)

rYe 1Yy, (8.17)

where the second expression in (8.17) shows that w > z must hold for anybody to be
willing to search for a job.

Intermezzo 8.1

Some statistical theory. The search-theoretic approach makes use
of some statistical techniques that may not be immediately obvious.
In this intermezzo some important notions are reviewed. Further
details can be found in Ross (1993, ch. 5).

A very convenient probability distribution is the exponential dis-
tribution. A continuous random variable X is exponentially distrib-
uted if its probability density function has the form:

Ae™ x>0

o) ={ ¢ 120 @

which implies that the cumulative distribution function is given by:

X _ ,—Ax
o= [ oway={ 7 120 ®)

The cumulative distribution function ®(x) measures the probability
that the random variable X attains a value less than or equal to x, or
in symbols:

®(x) = P{X < x}. (c)
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The exponential distribution has the following properties. First,
E(X) = 1/A, the expected value of X is 1/A. Second, the variance of
X is V(X) = E(X?) — [E(X)]? = 1/A2. Third, the random variable
X is memoryless. Suppose that X is the lifetime of some light bulb.
Then, if the light bulb is still working at some time t, the distribution
of the remaining amount of time that it will continue to shine light is
the same as the original distribution. Colloquially speaking, the light
bulb does not “remember” that it has already shone for ¢ periods.
Formally, a random variable is memoryless if the following holds:

P{X>s+t|X >t} =P{X>s}. (d)

The memoryless property implies a very simple expression for the
failure rate function (often called the hazard rate function). The failure
rate function r(t) represents the conditional probability density that
a t-year old item (such as a light bulb or a human being) fails. It is
defined as:

r(t) = 1?21?(” (e)

For the exponential distribution, the memoryless property implies
that the distribution of remaining life for a t-year old item is the same
as for a new item. As a result, the failure rate function should be
constant. Using (a)-(c), we find that this is indeed the case:

o(t) AeM

r(t) = = o) = =A. (f)

We shall have the opportunity to use this property in economically
very interesting applications in the present chapter and in Chapter
16.

The search-theoretic approach also makes extensive use of the
notion of a Poisson process. A Poisson process is a counting process
with a number of properties. A stochastic process {M(t),t > 0} is
called a counting process if M(t) represents the number of “events”
that have occurred up to time ¢. For example, if M(t) represents the
number of goals scored by one’s favourite soccer star by time t, an
“event” consists of your star hitting the back of the net once more. In
the context of matching, M(t) represents the number of all matches
that have occurred by time t. The counting process M(t) must sat-
isfy: (i) M(t) > 0; (ii) M(t) is integer valued; (iii) if s < ¢, then
M(t) — M(s) > 0; and (iv) for s < t, M(t) — M(s) equals the number
of events that have occurred in the interval (s, ) (Ross, 1993, p. 208).

A Poisson process is a specific kind of counting process. Formally,
the counting process {M(t),t > 0} is called a Poisson process with
rate A (> 0) if: (i) M(0) = 0; (ii) the process has independent incre-
ments; (iii) the number of events in any interval length ¢ is Poisson
distributed with mean At. Hence,

P(M(t+5) - M(s) = m} = M 2 (®)
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form =0,1,2,3,- - - For our purposes it is important to know some-
thing about interarrival times. Suppose that we have a Poisson
process M(t), and that the first event has occurred at time T;. We
define T, as the elapsed time between the (1 — 1)st and the nth event
(for n > 1), and refer to T}, as the interarrival time. Of course, T, is
stochastic. A very useful property of the Poisson process is that T,
(n =1,2,3,---) are independent identically distributed exponential
random variables with parameter A and hence have a mean of 1/A
(Ross, 1993, p. 214).

Within the context of the matching model this is a very handy
property. Since interarrival times are distributed exponentially, the
hazard rate r(t) = A is constant and Adt represents the probability
that a failure will take place in the time interval dt. Note that a “fail-
ure” implies that a match has occurred in this context. Hence, A can
be interpreted as the instantaneous probability of a match occurring.

As is stressed by Pissarides (2001), job matching is by definition
a pair-wise event (namely between a firm with a vacancy and an
unemployed worker), so that the rates of transition for jobs and for
workers are related Poisson processes. For example, as is shown in
(8.9), a firm with a vacancy faces a Poisson process with instanta-
neous probability g (6) of meeting an unemployed worker (a match)
and striking a deal with this worker. Similarly, as is shown in (8.14),
the unemployed worker also faces a Poisson process, but one with
instantaneous probability f (8) = 04 (6) of meeting a firm with a va-
cancy that he/she is able to strike a deal with. For job destruction a
similar connection between the firm and its worker exists—see equa-
tions (8.11) and (8.15).

R

8.1.1.3 Wages

What happens when a job seeker encounters a firm with a vacancy? Clearly there
is a pure economic rent created by the encounter, existing of the sum of the foregone
expected search costs by the firm. But how is this surplus shared between the two
parties? In this search context, it is clearly not possible to refer to some going market
wage rate, because the concept of an aggregate labour market with impersonal ex-
change has been abandoned. The exchange that takes place between the two parties
is one-on-one, and the division of the rent is a matter of bargaining. Fortunately,
as we saw in Chapter 7, there is a useful solution concept in two-person bargaining
situations, called the generalized Nash bargaining solution.

We assume that all firm-worker pairings are equally productive, so that the wage
rate is the same everywhere. This allows us to focus on the symmetric equilibrium
solution of the model, which is reasonable because the aim of this chapter is to dis-
cuss the macroeconomic implications of search theory, not to develop an empirically
adequate description of the labour market. We furthermore assume that each firm-
worker pair that is involved in wage negotiations takes the behaviour of other such
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pairings as given.

Consider a particular firm-worker pairing i. What does the firm get out of a deal?
Obviously the firm changes status from a firm with a vacancy (with value ]{} =0,
due to free exit/entry) to a firm with an occupied job (with value ]6). Hence, the
expected gain to the firm is:

rJo = F(Kiy 1) = (r + 6)Ki —wi —sJ =
i _ Fu(Ki, 1) —w
Jo = rrs (8.18)
where K; denotes the capital stock of firm i, and we have used (8.12) and linear ho-
mogeneity of the firm’s production function to obtain the final expression involving
the marginal product of labour. (Upon reaching agreement with the worker, the firm
rents capital such that Fx(Kj, 1) = r 4 4.) Equation (8.18) shows what the firm is af-
ter: it wants to squeeze as much surplus as possible out of the worker by bargaining
for a wage far below the marginal product of the worker.
What does the worker get out of the deal? If a deal is struck, the worker changes
status from unemployed to employed worker, which means that the net gain to the
worker is:

r [y,g - Yu] —w —s [yg - YU} Yy, (8.19)

where Yy does not depend on w;, but rather on the expectation regarding the wage
rate in the economy as a whole (see equation (8.16)). If the worker does not accept
this job offer (and the wage on offer w;) then he must continue searching as one of
many in the “pool of the unemployed”. The relevant wage rate that the unemployed
worker takes into account to calculate the value of being unemployed is not w; but
rather the expected wage rate elsewhere in the economy.

Using the generalized Nash bargaining solution, the wage w; is set such that () is
maximized:

max() = fln (y,g —Yu) +(1-p) (]6 —]V), 0<p<1, (8.20)

where Jy (= 0) and Y{; can be interpreted as the “threat” points of the firm and the
worker, respectively. The relative bargaining strengths of the worker and the firm
are given by, respectively,  and 1 — B. The usual rent-sharing rule rolls out of the
bargaining problem defined in (8.20):

aQ B 'dYg 1-8 .d]6_0:>
dwi_yé_yu dw; 5~ Jy dw;
B . ,1 —1_’8- . 1 =0 =
r+s Yp—=Yy r+s J—Jy
RV N
Ye—Yu=q1" B []o Iv] (8.21)

This rent-sharing rule can be turned into a more convenient wage equation in two
ways.
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First, by substituting (8.18)-(8.19) into (8.21) and imposing Jy = 0 (due to free
exit/entry) we obtain:

(1=B)YE=Blo+(1—B)Yu =
(1-pUti BN 20 o gy, o
(1= PB) [wi+sYy] = B[FL(Ki, 1) —w;] + (1= B)(r+s)Yy =
w; = (1 — B)rYy + BFL(K;,1). (8.22)

The worker gets a weighted average of his/her reservation wage (rY;;) and marginal
product (Fr). The stronger is the bargaining position of the worker, the larger is
and the closer is the wage to the marginal product of labour.

The second expression for the wage equation is obtained as follows. From (8.12)
we know that each firm with an occupied job chooses the same capital stock, so that
K; = K. Hence, the wage rate chosen by firm i is also the same for all firms, w; = w.
This implies that rYy; can be written as follows:

Yy =z+0q(0) [YE — Yu] =z +04(0) I f ﬁ]O

B % BOYo
=z+4+0q(0)— =z+ . (8.23)

1T B~ g
This result is intuitive. The reservation wage is increasing in the unemployment
benefit, the relative bargaining strength of the worker, the employers’ search cost,
and the tightness in the labour market. By substituting (8.23) into (8.22) we obtain

the alternative wage equation:

w=(1-B)z+B[FL(K, 1)+ 0. (8.24)

Workers get a weighted average of the unemployment benefit and the surplus, which
consists of the marginal product of labour plus the expected search costs that are
saved if the deal is struck (recall that 7,60 = v,V /U represents the average hiring
costs per unemployed worker).

8.1.2 Market equilibrium

We now have all the necessary ingredients of the model. For convenience, the full
model is summarized by the following four equations which together determine the
equilibrium values for the endogenous variables, K, w, 8, and U.

Fx(K,1) =r+36, (8.25)
F (K(r+49),1) —w g
r+s ~ q(0)’ (8.26)
w=(1-PB)z+ B[FL(K(r+9),1)+ 67|, (8.27)
S

Equation (8.25) is the marginal productivity condition for capital, determining the
optimal capital stock (and thus the optimal size of production) of each firm with a
filled job. Since the marginal productivity of capital diminishes as more capital is
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added (Fgx < 0), equation (8.25) relates the optimal capital stock (K*) to the (exoge-
nous) rental rate on capital, i.e. K* = K(r + §) with K’ < 0. By plugging this func-
tion into, respectively, (8.13) and (8.24) we obtain (8.26) and (8.27). Equation (8.26) is
a form of the zero profit condition implied by the assumption of free exit/entry of
firms, and (8.27) is the wage-setting equation that rolls out of the Nash bargaining
between a firm with a vacancy and an unemployed job seeker. Finally, (8.28) is the
expression for the equilibrium unemployment rate. This equation is also known as
the Beveridge curve (Blanchard and Diamond, 1989).

The model is recursive under the assumption of a fixed real rate of interest. First,
(8.25) determines the optimal size of each producing firm as a function of the interest
rate. Then (8.26)-(8.27) determine equilibrium values for w and 6 as a function of
that optimal capital stock. Finally, (8.28) determines the unemployment rate, U, as a
function of 6. Once 6 and U are known, the number of jobs is given by (1 — U)N +
OUN and employment equals L = (1 — U)N.

The graphical representation of the model is given in Figure 8.1. In panel (a) the
ZP curve is the zero-profit condition (8.26). It is downward sloping in (w, 0) space:

dw (r+s)7g
(d9>zp — (0 10 <0, 629

Intuitively, a reduction in the wage increases the value of an occupied job and thus
raises the left-hand side of (8.26). To restore the zero-profit equilibrium the expected
search cost for firms (the right-hand side of (8.26)) must also increase, i.e. q(0) must
fall and 6 must rise.

Also in panel (a), the WS curve is the wage-setting curve (8.27). This curve is
upward sloping in (w, 6) space:

dw
<d9>ws — Bro>0. (830)

Intuitively, the wage rises with 0 because the worker receives part of the search costs
that are foregone when he strikes a deal with a firm with a vacancy (see above).
By combining ZP and WSy in panel (a), the equilibrium wage, w*, and vacancy-
unemployment ratio, 6", are determined-see point Ej in panel (a).

In panel (b) of Figure 8.1, the straight line from the origin, labeled LMT), depicts
the equilibrium vacancy-unemployment ratio (i.e., the indicator for labour market
tightness) by writing it in the form V = *U. The line labeled BC depicts the Bev-
eridge curve (8.28), rewritten in (V, U) space. This Beveridge curve can be loglin-
earized:

_ 1 . s+fn -~
Vv 17173 f(liﬂ)u, (8.31)

6By substituting § = V /U in (8.28) we obtain an implicit relationship between V, U, and s. In order to
compute the partial derivatives of this implicit function, we loglinearize it. Starting with (8.28) and noting
that f(6) = 64(0) we find:

[s+ £(0)]dU + Udf(6) = (1 —U)ds =
%du—&-Udf(G) =(1-U)ds =
sU+Uf(0) (1—n(0))0 =s(1-U)5 =

[s = FOUA —5(©)] U+ UF(O) (1-n(0)) V =5(1-U)s.
By using U = s/(s + f) in the final expression and rewriting we obtain equation (8.31).
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Figure 8.1: Search equilibrium in the labour market

where U = dU/U,V = dV/V,and § = ds/s, and where 77 and f are given, respec-
tively, in (8.4) and (8.5). The Beveridge curve is downward sloping (since 0 < 7 < 1).
Intuitively, for a given unemployment rate, a reduction in vacancy rate leads to a fall
in the instantaneous probability of finding a job (f), i.e. for points below the BC
curve the unemployment rate is less than the rate required for flow equilibrium in
the labour market (U < s/ (s + f)). To restore flow equilibrium the unemployment
rate must rise. Equation (8.31) also shows that an increase in the job destruction rate
s shifts the Beveridge curve up and to the right, a result which will be used below.

8.1.3 Comparative static effects

In order to demonstrate some of the key properties of the model we now perform
some comparative static experiments. The first experiment has some policy rele-
vance and concerns the effects of an increase in the unemployment benefit z. It is
clear from (8.27) that an increase in z leads to upward pressure on the wage rate
as the fall-back position of workers in the wage negotiations improves. In terms
of Figure 8.1, the wage setting equation shifts up from WSy to WS; and the equi-
librium shifts from Eg to E; in panel (a). The equilibrium wage rate increases and
the vacancy-unemployment ratio decreases. Intuitively, the policy shock causes the
value of an occupied job to fall. In panel (b) of Figure 8.1, the reduction in the
vacancy-unemployment ratio is represented by a clockwise rotation of the LMT line,
from LMT) to LMTj. Since nothing happens to the Beveridge curve, the equilibrium
shifts from Ej to E; in panel (b), the vacancy rate falls, and the unemployment rate
rises.

As a second comparative static experiment we consider what happens when the
exogenous rate of job destruction s rises. This shock is more complicated than the
first one because it affects both the incentive for firms to create vacancies and the
Beveridge curve itself. It is clear from equation (8.26) that, ceteris paribus the wage,
the increase in the job destruction rate reduces the value of an occupied job as the
rents accruing to the firm are discounted more heavily. Hence, in terms of panel (a)
of Figure 8.2, the ZP curve shifts to the left from ZPj to ZP;. Since nothing happens
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Figure 8.2: The effects of a higher job destruction rate

to the wage-setting curve, the equilibrium in panel (a) shifts from Eg to E; and both
the wage and the vacancy-unemployment ratio fall. In panel (b) of Figure 8.2, the
LMT curve rotates in a clockwise fashion from LMT, to LMT;. As was noted above,
the direct effect of an increase in the job destruction rate is to shift the Beveridge
curve outward, say from BCj to BC; in panel (b). We show in Appendix A that
the outward shift in the Beveridge curve dominates the clockwise rotation in the
LMT curve (provided a very mild sufficient condition is satisfied) so that the new
equilibrium E; lies in a north-easterly direction from the initial equilibrium Ej so
that both the unemployment and vacancy rate increase.

8.1.4 Efficiency

The matching model described in this section incorporates a trading externality. The
matching probability of unemployed workers and firms with a vacancy depends on
the number of traders in the market, i.e. on U and on V. When an unemployed
worker and a firm with a vacancy meet and strike a deal (by agreeing on a particular
wage rate), they do not take into account that in doing so they affect the labour
market tightness ratio, V /U, and thus alter both the job-finding rate and the worker-
finding rate for other participants in the labour market. The critical question is now
whether the Nash-bargained wage rate internalizes the external effect, and produces
an efficient outcome, or not? Put differently, is search unemployment efficient or
not?

In a celebrated paper, Hosios (1990) argues in very general terms that the search
equilibrium is Pareto efficient if, for each agent, the social contribution to and private
gain from participating in the matching process are equal to each other. In the context
of our particular model, the matching function features constant returns to scale and
the equilibrium is efficient provided the Hosios condition is satisfied:”

p=11(0), (8.32)

7 A formal derivation of this condition is presented in Appendix B of this Chapter.
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where f is the bargaining weight of workers and 7 (-) = GyU/G is the elasticity of
the matching function with respect to unemployment (see also (8.4) above).

As is explained in detail by Pissarides (2000, p. 185), the Hosios condition must be
seen as a knife-edge condition which is very unlikely to hold in real economies. This
can be demonstrated most easily in the special case with a Cobb-Douglas matching
function, X = UV~ for which the elasticity is a constant and the Hosios condition
reduces to 77 = . But these coefficients are completely independent and are thus un-
likely to be equal to each other: §is the “bargaining strength” of the worker whereas
1 is an aspect of the matching technology. In conclusion, the decentralized matching
model is likely to be inefficient.

8.2 Applications of search models

In this section we use the search-theoretic approach to study three issues. First, we
continue our study of the effects of taxation on the labour market. Second, we study
the idea of treating workers like empty beer bottles. Specifically, we look at what
happens if employers must pay (receive) a deposit if they lay off (hire) a worker.
Finally, we briefly investigate how the search-theoretic approach can be used to ex-
plain the observed persistence in the unemployment rate.

8.2.1 The effects of taxation

We assume that there are two separate taxes levied on labour. First, the employer
must pay an ad valorem tax on the use of labour (a payroll tax), which is denoted by
te. Second, the household faces a proportional tax on labour income, denoted by ;.

The effects of the employers’ tax on labour are as follows. First, equation (8.11) is
modified to:

rJo=F(K,1) = (r+6)K—w(1+tg) —sjo, (8.33)

so that the marginal productivity condition for capital (equation (8.12)) is unaffected,
but the free entry/exit condition (8.13) is modified to:

FL (K(l" + 5),1) — ’Z,U(l + tE) - Yo
r+s -~ q(0)’ (8:34)

where we have also substituted the implicit expression determining the optimal cap-
ital stock (i.e. K* = K(r + 9)).

The effects of the labour income tax are as follows. First, since the unemployment
benefit is untaxed and exogenous, equation (8.14) is unchanged, but the after-tax real
wage rate w(1 — t1) appears in (8.15), so that (8.16)-(8.17) are modified to:

(r+s)z+0g(0)w(1 —1t1)

Yu = r+s+0q(0) ! (835
sz [r+09(0)w(l—ty)  rw(l—ty)—z]
e = r+s+0q(0)  r+s+0q(0) Y, (8:36)

where the second expression in (8.36) shows that w(1 — t;) > z must hold for any-
body to be willing to search, i.e. the labour income tax must not be too high.
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Figure 8.3: The effects of a payroll tax

The second effect of the income tax operates via the wage bargaining process. By
following the derivation in section 1.1, the rent-sharing rule (8.21) is modified to:

i B 1ty
YE—Yu_ﬂm[]O— ]V}, (8.37)

so that the wage equation (8.22) becomes:

o rYu Fr(K; 1)
w; = (1 ﬁ)l_tLJrﬁ Tt (8.38)
and (8.24) can be written as:
B z Fr (K(r+9),1) + 67,
w=0=p)g— +P T : (8.39)

where we have once again substituted K* = K(r + J).

The core part of the model consists of the Beveridge curve (8.28), the zero-profit
curve (8.34), and the wage-setting curve (8.39). It is possible to explain the intuition
behind the comparative static effects of the various tax rates by graphical means.
(The formal derivations are found in Appendix A.)

First we consider in Figure 8.3 the effects of an increase in the payroll tax, tg.
It follows from (8.34) that the zero profit curve shifts to the left (from ZP( to ZP; in
panel (a)) as a result of the shock. Ceteris paribus the gross wage rate, the tax increase
reduces the value of an occupied job so that the zero profit equilibrium is consistent
with a lower vacancy-unemployment ratio. The payroll tax also features in the wage-
setting equation. Indeed, it follows from (8.39) that the increase in the payroll tax
puts downward pressure on the wage rate. Intuitively this is because the firm is
interested in the net surplus of the match (equal to (Fy + 67,) /(1 + tg)), i.e. it takes
the payroll tax into account. Part of this surplus features in the wage which thus falls
on that account. In terms of Figure 8.3, the wage-setting curve shifts down from WSy
to WS; in panel (a). The equilibrium shifts from Ej to E;, and both the wage rate and
the vacancy-unemployment ratio fall (see Appendix A). In panel (b) the LMT curve
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Figure 8.4: The effects of a labour income tax

rotates in a clockwise fashion from LMTy to LMT; and the equilibrium shifts from
Eg to E;. The equilibrium vacancy rate falls and the unemployment rate increases.

As a second comparative statics exercise we now consider the effects of an in-
crease in the labour income tax, t;. The effects of this shock are illustrated in Figure
8.4. The increase in the labour income tax has no effect on the zero-profit curve but
the wage-setting equation shifts up from WSy to WS, in panel (a). Intuitively, it fol-
lows from (8.39) that the tax increase raises the tax-inclusive value of the outside
option (z/ (1 — 1)) for the household in the wage bargaining process because the
unemployment benefit is untaxed. This leads, ceteris paribus, to upward pressure
on the wage rate. In panel (a) the equilibrium shifts from E to E;, the gross wage
rate increases, and the vacancy-unemployment ratio falls. In panel (b) the LMT curve
rotates in a clockwise fashion from LMTj to LMTy, the equilibrium shifts from Eg to
E;, and equilibrium vacancies fall whilst the unemployment rate rises. The tax shock
works in exactly the same way as an increase in the unemployment benefit.

8.2.2 Deposits on workers?

Some people return empty bottles to the store because they find it unacceptable from
an environmental point of view to litter them. Most people, however, are less inter-
ested in this noble pursuit of a responsible attitude towards the natural environment,
and only return the bottles because there is money to be made in the form of a de-
posit that will be refunded. One could argue that a similar system should be tried in
the labour market. Why not have the firm pay a deposit when it fires a worker, to be
refunded when it (re-) hires that (or another) worker? It turns out that this question
can be analysed in the search-theoretic framework developed in this chapter.

Suppose that a firm that hires a worker receives a fixed once-off payment of b
from the government, but that a firm that fires a worker must pay b to the govern-
ment. Clearly, equation (8.9) would be modified to reflect this payment:

rfv=—=7+4q0)[Jo+b—Jv]. (8.40)

If a firm with a vacancy finds a worker, its capital gain will be Jo — Jv plus the pay-
ment from the government. Free exit/entry of firms will then imply the following
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expression for the value of an occupied job:

o
Jv=0 = Jo=—7x—b (8.41)
q(6)
Equation (8.41) shows that the deposit acts like a lump-sum subsidy to firms with a
vacancy. The expected search costs v, /q(0) are reduced by the lump-sum payment
received from the government.
For a firm with a filled job, the steady-state arbitrage equation reads as follows:

rJo =F(K,1) — (r+8)K—w—s[Jo+b]. (8.42)

If the job is destroyed, the firm not only loses the value of the occupied job, but must
also pay back the deposit on its worker to the government. As a result, the expected
capital loss is s(Jo + b). (Since the job destruction rate s is exogenous, the firm can do
nothing to reduce the probability of an adverse job-destroying shock.) The marginal
productivity condition for capital (8.12) still holds. By combining (8.12) with (8.41)-
(8.42), the zero profit condition (given in equation (8.13)) is changed to:

(r+s) Mg)— }:F(K,l)FK(K,l)Kwsb =

Yo _ FL(K1)—w+rb

q(0) r+s (843)

The capital value of the deposit acts like a subsidy on the use of labour.
The rent-sharing rule (equation (8.21)) is modified to reflect the payment the firm
receives if it employs the worker:

Yi— Yy = 1fﬁ []6+b—]v], (8.44)

so that the wage equation (8.22) becomes:
wi = (1—p)rYy + B[FL(K;, 1) +7b]. (8.45)

Since the reservation wage is still given by (8.23), the wage equation (8.45) can be
rewritten for the symmetric case (with w; = w) as:

w=(1-PB)z+B[FL(K,1)+rb+ 0. (8.46)

The model consists of equations (8.25), (8.28), (8.43), and (8.46).

In Figure 8.5 we illustrate the effects of an increase in the deposit, b. It follows
from (8.43) that the zero profit curve shifts up (from ZPy to ZP; in panel (a)) be-
cause the interest payments the firm earns on the deposit increase the value of an
occupied job. These interest payments, however, also influence the wage rate via
the wage-setting equation (8.46). Hence, the wage-setting equation shifts up from
WSy to WS; in panel (a). It is shown in Appendix A that both the wage and the
vacancy-unemployment ratio rise as a result of the shock, i.e. point E; lies to the
north-east of the initial equilibrium Ey. In panel (b) the LMT curve rotates in a coun-
terclockwise fashion from LMT, to LMT; and the equilibrium shifts from Ej to E;.
The equilibrium vacancy rate rises and the unemployment rate falls.
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Figure 8.5: The effects of a deposit on labour

8.2.3 Search unemployment, loss of skills, and persistence

As we saw in Chapter 6, one of the stylized facts about the labour markets of ad-
vanced economies is the persistence of the unemployment rate. How can this persis-
tence be explained in the search-theoretic framework? In an interesting contribution,
Pissarides (1992) has shown that one of the mechanisms by which temporary shocks
can persist for a long time has to do with loss of skills. If the unemployed lose some
of their skills, they become less productive, and hence less attractive to the firms. By
sitting at home without a job, they lose some of their human capital. As a result, there
are less vacancies in the next period, and the expected duration of unemployment in-
creases. Furthermore, because of the fact that average human capital has decreased
(due to the loss of skills by the long-term unemployed), the market becomes “thin”,
in the sense that average labour productivity has decreased. There are less profitable
matches in the economy than would have been the case if the unemployed had not
lost some of their skills. There will, on average, be more long-term unemployed,
so that even if the original long-term unemployed have died (or found a job), the
thinness of the labour market remains. A temporary shock is self-perpetuating.

8.3 Punchlines

In this chapter we discuss the search and matching approach to the labour market.
This is by far the most technically demanding theory of the labour market discussed
in this book because it abandons the notion of an aggregate labour market altogether
and instead directly models the flows of labour that occur in the economy, namely
the movements of workers from unemployment into jobs and vice versa.

Because the theory is inherently quite demanding, we only present the simplest
possible search model. The central elements in the model are the following. First,
there are frictions in the process by which job-seeking unemployed workers come
into contact with firms that are looking for a worker to fill a vacancy. These frictions
are costly and time consuming. Second, the crucial analytical device that makes the
model tractable is the so-called matching function. (This function plays a similar role
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in the flow approach to the labour market that the neoclassical production function
plays in the theory of factor productivity and growth.) The matching function relates
the probabilities of workers meeting firms (and firms meeting workers) as a function
of an aggregate labour market tightness variable. This tightness indicator is the ratio
of vacancies and unemployed workers.

If the vacancy-unemployment ratio is high (low) then the probability that an un-
employed job seeker finds a firm with a vacancy is high (low) and expected duration
of the search for a job is low (high). The matching function also explains the con-
ditions facing the other party on the market. Indeed, if the vacancy-unemployment
ratio is high (low), then there are many (few) firms trying to locate an unemployed
worker so that the probability that an individual firm is successful is low (high) and
the expected duration of the firm’s search process is high (low).

The third key ingredient of the search model concerns the wage formation process.
Once a firm with a vacancy meets an unemployed worker a pure economic rent is
created consisting of the sum of foregone expected search costs by the firm and the
worker. This surplus must be divided somehow between the firm and the worker.
The typical assumption in this literature is that the two parties bargain over the
wage.

The fourth ingredient of the model is the so-called Beveridge curve which relates
the equilibrium unemployment rate to the (exogenous) job destruction rate (regulat-
ing the flow into unemployment) and the workers’ job finding rate (regulating the
flow out of unemployment). The job destruction rate is strictly positive because pre-
viously profitable firm-worker matches are destroyed due to idiosyncratic shocks.

The model yields a general equilibrium solution for, inter alia, the unemploy-
ment rate and the vacancy rate as a function of the exogenous variables. We perform
various comparative static experiments. For example, an increase in the job destruc-
tion rate leads to an increase in both the unemployment and vacancy rates and to
a decrease in the vacancy-unemployment ratio. The matching model incorporates a
trading externality which is unlikely to be internalized by the Nash-bargained wage
outcome. As a result, equilibrium unemployment is likely to be inefficient.

We complete this chapter by applying the search model in a number of different
settings. First, we show how the search equilibrium is affected by the tax system.
Second, we show that a worker-deposit scheme can be used to affect the equilibrium
unemployment rate. (Under the scheme the firm receives a grant from the govern-
ment when it hires a worker but must repay the grant when the job is destroyed
again.) Finally, we briefly argue that a modified search model can account for one
of the stylized facts of the labour market, namely that there is strong persistence in
the unemployment rate. The key notion here is that the unemployed may lose their
skills while unemployed and become less attractive employees to firms (and thus
face a longer search process) as a result.

Further reading

Key references to the modern search-theoretic literature are Mortensen (1978, 1982a,
1982b, 1986, 1989), Diamond (1984a, 1984b), Mortensen and Pissarides (1994), Pis-
sarides (1994), and Blanchard and Diamond (1994). Mortensen and Pissarides (1999a,
1999b) present good (but advanced) surveys of the literature. Pissarides (2001) presents
a very accessible discussion. Hosios (1990) studies the welfare-theoretic properties of
the search model. Microeconomic evidence on the job destruction/creation process
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is presented by Davis, Haltiwanger, and Schuh (1996). For a recent and very exten-
sive survey of the matching function, see Petrongolo and Pissarides (2001). Morten-
sen and Pissarides (2001) and Heijdra and Ligthart (2002, 2009) study the effects on
taxation in a matching model.
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Appendix A: Comparative static effects

In section 1.3 we graphically derive some results regarding shocks to the unemploy-
ment benefit, z, and the job destruction rate, s. In this appendix we derive these
results analytically. First we loglinearize equations (8.26)-(8.27) holding constant r
and ¢ (and thus also Fg, Fr, and K). After some manipulation we obtain:

fo R 1T 8] [ () [+ ()3
—Brob 1 } { dw } o [ (1—B)dz +018709’~;0 , (A8A.1)

where 7 is defined in (8.4), 0=4d0/0, 7, = dvyy/vy and § = ds/s. Solving (A8A.1)
yields the solutions for 6 and dw:

— (FL—w+pOyo) 7o — (FL—w) (555) 5 — (1 = P)dz

6 = V-U= 0 (=) pryf , (A8A.2)
B B0 [(1 —1)¥0 + 755] + (1 — B)dz
dw = (FL—w) l 7 (FL—) + Brof (A8A.3)

It follows that an increase in the unemployment benefit (dz > 0) raises the wage
(dw > 0) and reduces the vacancy-unemployment ratio (8 < 0) as is illustrated in
Figure 8.1. An increase in the job separation rate (5 > 0) leads to a reduction in both
the wage and the vacancy-unemployment ratio (dw < 0 and § < 0) as is illustrated
in Figure 8.2. Finally, an increase in the search costs (¥, > 0) reduces both the wage
and the vacancy-unemployment ratio (dw < 0 and § < 0). Students are invited to
draw the corresponding graph and to provide the economic intuition.

It remains to show that an increase in the job destruction rate raises both the un-
employment and vacancy rates, as is asserted in the discussion surrounding Figure
8.2. By using (8.31) and (A8A.2) (and setting 7, = dz = 0) we obtain a system in V
and U:

1 S [V] 1 5
f(d=n) ~ = s (1-n)(FL—w) . (A8A4)
l -l u Py s | L
Solving (A8A.4) yields the following expressions:
- f { s+fy s FL—w } N
vV = 1= 20, A8A.5
s+ f f o r+sy(Fp—w)+ Byb = ( )
; f [ s (A—n)(F ~w) }
u = <11 0. ABA.6
stf L s nE —w) +prd) (A84.0)

Unemployment unambiguously rises but the effect on the vacancy rate is ambiguous
in general. It is not difficult to show, however, that the term in square brackets on the
right-hand side of (A8A.5) is positive if a rather weak sufficient condition is satisfied.
First we note that (8.26) gives rise to the following result:

F—w _ r+s
n(FL—w) +pyed  n(r+s)+pf
By using (A8A.7) the term in square brackets on the right-hand side of (A8A.5) can

(A8A.7)



226 FOUNDATIONS OF MODERN MACROECONOMICS, SECOND EDITION

be simplified to:
] = 1is+f17 s r+s
S foortsylrts)+pf
flr +Bf] -5

fln(r+s)+Bf]

_ S+ B (/1] (A8A.8)

fln(r+s) + Bf]
The denominator in (A8A.8) is positive and, since fri > 0, a sufficient condition for
the numerator to be positive also is 8 > (s/ f)? or:

u 2
p> (1—u> , (A8A.9)

where we have used the fact that U = s/(s + f). Provided the relative bargaining
power of the worker () is not very small, the inequality in (A8A.9) is satisfied and
the term in square brackets on the right-hand side of (A8A.5) is positive. In fact, the
sufficient condition is quite weak. Even for the relatively high unemployment rate
of 25% (U = 0.25) the condition is satisfied if f > 1/9. See, also Pissarides (1990, p.
16) who derives a more stringent sufficient condition.

In section 2.1 we modify the model to take into account the effects of taxation on
the labour market. An increase in the labour income tax rate operates just like an
increase in the unemployment benefit so the results follow immediately. Keeping all
exogenous variables other than the payroll tax constant we find by differentiating
(8.34) and (8.39):

w(l+tg)—Fp %

=17 1 0 w ~

[ e HdwF [ ) 1@ (ABA10)
1+tg +tp

where fr = dtg /(1 + tg). Solving (A8A.10) yields the solutions for 6 and duw:

5 w(l+tpg) = BIFL+ 07 ;
O = TR —wt )+ B E Y (ASA.11)
B Oyow (1+tg)+n[FL—w(1+te)] [FL+ 07,

- tg <0, (A8A.12
T 7 1Fe— (15 t0)] + Brod eh G
where it follows from (8.39) that the numerator of (A8A.11) is positive.
In section 2.2 we study the effects of an increase in the deposit on labour, b. Keep-

ing all exogenous variables other than the deposit constant we find by differentiating
(8.43) and (8.46):

g LA e

Solving for f and dw yields:

dw

] 1-p
0 = db > 0, A8A.14
’7(FL+rb—w)+/39’Yor ( )

Bl0vo+ 1 (FL+rb—w)]
i (FL+1b —w) + poyg

dw

rdb > 0. (A8A.15)
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Appendix B: A macroeconomic matching model

In this appendix we develop a macroeconomic version of the matching model. This
appendix is technically more demanding than the rest of the chapter and can be
skipped upon first reading.

Under the strict (microeconomic) interpretation of the search and matching mo-
del, the behaviour of individual workers and single-job firms is analyzed. Such in-
dividual agents face an inherently stochastic problem, i.e. the worker is either fully
employed or seeking a job. Similarly, the firm either has a vacancy or has managed
to find a suitable worker. In order to analyze the model at the microeconomic level, it
is necessary to solve the stochastic decision making problems faced by workers and
firms, using stochastic dynamic programming techniques that are beyond the scope
of this book.

The macroeconomic literature circumvents many of these complications by em-
bedding individual agents in large groups of similar agents, and studying the be-
haviour of each groups rather than that of the group’s individuals. For example, in-
stead of analyzing individual workers, it is postulated that the representative house-
hold consists of (infinitely) many family members that are each working full time
or searching for a job. The family is assumed to pool its income. Because the num-
ber of family members is very large, family-wide employment, unemployment, and
income are deterministic, so that standard deterministic optimal control techniques
can be used to solve the household model. Similarly, by making the large-firm as-
sumption (as in Pissarides, 2000, pp. 68-70), aggregate employment and vacancy
flows are rendered deterministic. The discussion presented here is loosely based on
Heijdra and Ligthart (2002).

B.1 Households

The representative household consists of a large number, N, of identical family mem-
bers. To cut down on notation, we normalize N to unity. Family members care only
about lifetime utility of the household and individual labour income risk is fully in-
sured within the household. Thus, household income is non-stochastic.® From the
perspective of the planning period ¢, expected lifetime utility of the representative
household is given by:

At) = /t T C @) + 1M (1)) - g, (A8B.1)

where p is the pure rate of time preference (p > 0), C (7) is household consumption,
and M (1) is household leisure. The household has a time endowment of unity so
that leisure is equal to:

M(t)=1-U(t)-L(1), (A8B.2)

where U () is the amount of time the family as a whole spends on searching for jobs
at time T (unemployment), and L (7) is the amount of time the family spends work-
ing at time 7. The term in square brackets on the right-hand side of (A8B.1) is the
instantaneous utility (or felicity) function which we take to be linear in consumption
and leisure, where the parameter vy; represents the marginal felicity of leisure.

8This assumption is quite standard in the macroeconomic literature. See, for example, Andolfatto
(1996), Merz (1995), Gali (1996), DenHaan et al. (2000), Shi and Wen (1997, 1999).
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At each instant of time some unemployed household members find a job but
some employed members lose their job as idiosyncratic shocks destroy a constant
proportion of the pre-existing matches between firms and workers. As a result, the
household’s stock of employment evolves according to:

L(t)=f(r)U(t)—sL(7), (A8B.3)

where L (1) = dL (t) /dz, f (7) is the job-finding rate (to be determined below), and
s is the exogenous job destruction rate. The household’s budget identity is:

A(t)=r(t)A(t)+w(t)L(t) +syU(t) —T(t) - C (1), (A8B.4)

where A (t) = dA/dt, A(7) is the stock of real tangible assets, 7 () is the inter-
est rate, w (7) is the wage rate, sy; is the unemployment benefit (a subsidy on job
searching), and T (7) is a lump-sum tax.

The household chooses time paths for consumption, searching time and tangible
assets in order to maximize lifetime utility (A8B.1) subject to the accumulation iden-
tities (A8B.3)-(A8B.4) and the definition (A8B.2). It takes as given its initial stocks of
financial assets and employment, A(t) and L(t). The current-value Hamiltonian for
the household’s optimization problem is:

HE(T) = CO)+7[1-U(T) = L(D)]+Ea () [r(T) A(T) +w(T) L(T)
+sull (7) = T(1) = C (1) | +& (7) [ (1) U (v) = sL(7)],

where A (7) and L (7) are the state variables, 4 (7) and &; (7) are the correspond-
ing co-state variables, and C (1) and U (7) are the control variables. The first-order
conditions are the constraints (A8B.3)-(A8B.4), the transversality conditions (see the
Mathematical Appendix),

lim &4 (1) A(0)e! ™0 = lim &) (1) L(1)e ") =0, (A8B.5)
and:

IHE (7)

oo~ & 1=l (A8B.6)

oHH

) = o =t (04 (8 ), (A8B.7)
: oHH
Ca(D) =pla (1) = -5 (CT) =1 (1) &4 (1), (A8B.8)
. oHH
cL(m)—pi(t) = —57 (i) =7 — ()84 (T) + 58 (T). (A8B.9)

Because the felicity function is linear, the marginal utility of wealth, ¢4 (7), is con-
stant and equal to unity. By substituting (A8B.6) into (A8B.7)-(A8B.9) we thus find:

Yo = su+tf(1)¢L(T) [Ewr(T)], (A8B.10)
r(t) = p, (A8B.11)
& (7) (s+p) &L (1) = [w(T) —7.]. (A8B.12)
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Equation (A8B.10) shows that in the optimum the household equates the reservation
wage, wgr (T), to the marginal utility of leisure. The reservation wage itself depends
on several factors. By participating in the labour market, rather than enjoying leisure,
the household not only receives the unemployment benefit, si;, but also has a non-
zero probability, f (7), of locating a job with a pecuniary value of ¢; (7). Equation
(A8B.11) shows that the interest rate is constant and equal to the rate of time pref-
erence. This is a consequence of the fact that the felicity is linear. From here on we
can thus drop the time index and write r as the constant interest rate. Finally, equa-
tion (A8B.12) shows the dynamic path for ¢; (7), the shadow value of a job to the
household.
By using (A8B.10), this expression can be rewritten as:

EL(D) = (s+p+f (1) &L (1) — [w(T) —sul. (A8B.13)

By integrating (A8B.12) and (A8B.13) we obtain two equivalent expressions for the
value of a job in the planning period, ¢; ():

E(H) = /t " [w(t) — sl e~ IR g (A8B.14)
_ /°° [w(7) — wg(7)] D gr, (A8B.15)
t

Expression (A8B.14) shows that the value of an additional job at time ¢ equals the
present value of the “dividend” earned on the job (equalling the excess of the wage
over the unemployment benefit) using s 4 r + f as the instantaneous discount rate.
An equivalent expression involving the reservation wage is given in (A8B.15).

B.2 Firms

Following Pissarides (2000, pp. 68-70) we assume that is a single very large repre-
sentative firm which faces certain flows into and out of its labour force. The repre-
sentative firm is perfectly competitive and uses capital (K (7)) and labour (L (7)) to
produce units of the homogeneous good (Y (7)):

Y (1) = F(K(1),L (1)), (A8B.16)

where the production function features constant returns to scale. As a result of the
matching friction, the firm faces linear costs of adjusting its stock of labour. In order
to augment its work force it must post vacancies (V (7)) in order to find a worker.
The firm’s labour force thus changes according to:

L(t)=¢q(t)V(t)—sL(7), (A8B.17)

where g (7) is the instantaneous probability of the firm finding a worker with whom
it concludes a deal. In addition to finding new workers at each instant, the firm
also loses a given proportion of its work force due to idiosyncratic shocks (see also
(A8B.3) above).

The objective function of the firm is the present value of its cash flow, FV (t):

FV(t) = /t ” [Y(T) — V(1) —w(T)L(T) — I (r)} e t=Dgr, (A8B.18)
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where 7y, is the flow cost per vacancy (modelled in terms of lost output), and I (7)
is firm investment. The capital stock accumulation identity is given by:

K(t)=1(1)—K(1), (A8B.19)

where ¢ is the depreciation rate. The firm chooses time paths for output, vacancies,
investment, the capital stock, and employment in order to maximize (A8B.18) sub-
ject to the production function (A8B.16) and the accumulation identities for workers
(A8B.17) and capital (A8B.19), taking as given its initial stocks of labour and capital
(L(t) and K (7)). The current-value Hamiltonian for the firm’s optimization problem
is:

HE(t) = F(K(7),L(1)) =7V (1) —w(t) L (1) — (1)
+pp (D) [9 () V(1) = sL(T)] + g (7) [1 (1) = 0K ()],

where L (7) and K (7) are the state variable, j; (T) and iy (T) are the co-state vari-
ables, and V (7) and I (7) are the control variables. The first-order conditions can be
written as:

a;f,é(g) =0 (D0 =1y, (A8B.20)
SZE(S) =0 () =1, (A8B.21)

(1) e, (1) = =91 B = (R (<0, (0) 0 (1) 1 (0,
(A8B.22)
i () =1 (1) = =) = R (K (0, L) o (1), (AB2D
Tim [ﬂL(T)L(T)er(t_T)} = lim [VK(T)K(T)er(t_T)} = 0. (A8B.24)

By simplifying these expressions somewhat we find the most important first-order
conditions:

Tv

pp(t) = 100 (A8B.25)
Fg (K(7),L(T)) = r+4, (A8B.26)
i (t) = (r+s)uy(t) —[FL(K(7),L(7)) —w(7)]  (A8B27)

According to (A8B.25) the firm sets its vacancies such that the expected costs of re-
cruitment per worker (right-hand side) equals the value to the firm of that worker
(left-hand side). Equation (A8B.26) is the usual expression, calling for an equaliza-
tion between the marginal product of capital (left-hand side) and the rental rate on
capital (right-hand side). Equation (A8B.27) shows the dynamic path for the y; (1),
representing the pecuniary value of an additional job to the firm at time 7. By inte-
grating (A8B.27) forward and imposing the terminal condition we obtain:

() = /t "R (K (1), L (1)) — w(7)] S+ D g, (A8B.28)

The value of an occupied job to the firm is equal to the present value of the “divi-
dend” it earns on that job, using s 4 r as the instantaneous discount rate. The divi-
dend consists of the excess of labour productivity over the wage (that is, F;, — w).
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Finally, it is not difficult to show that the value of the firm in the planning period
is equal to the capital stock plus the shadow value of the number of occupied jobs at
that time:

FV(t) = K (t) + 1, (HL(D). (A8B.29)

The proof proceeds as follows. First we note that:
—%er(t*ﬂ (K+pu,L) = —e (=7 [K+p L+ Lj, —rK—ru L]
= D[4y V4wl —FL-(r+06)K]
= I F(K L) —I—yyV —wl], (A8B.30)

where use has been made of (A8B.17), (A8B.19), (A8B.25)-(A8B.27). Integrating both
sides of (A8B.30) for T € [t, o) yields:

_./t'°°d K (7) + pp (D) L(D)] D = '/t'°° [F(K(7),L (1)) —w(t)L(T)

—V(r) = I (1) ]t dr
K(t) +pu (WL = FV(b), (A8B.31)

where we have used (A8B.24) in the final step. This completes the proof.

B.3 Wage bargaining

When a firm with a vacancy and a job-seeking worker meet, a pure economic rent is
created equal to A} + ui, where the superscript i refers to a particular worker-firm
pairing. As in the text, we assume that this rent is shared across the two parties
according to the generalized Nash wage-bargaining solution. The wage in the plan-
ning period, w’ (t), is set in such a way that (); (t) is maximized, i.e.

max Q) =& Pl nF, 0<p<1, (A8B.32)
wl

where § and 1 — 8 are the bargaining weights of, respectively, the worker and the
firm, and where ¢ (t) and ui (t) are obtained from, respectively, (A8B.15) and (A8B.28)
by substituting w () = w’ (t). The first-order condition for this maximization prob-
lem is given by Bt (t) = (1— B) ¢ (). The wage resulting from this bargaining
process can be written in two equivalent ways:’?

w(t) = BRL(K(E),L()+ (1~ puwg (t) (A8B.33)
BIEL (K (£), L (1)) + 7v8 ()] + (1 - Bsu. (ASB.34)

9By differentiating the first-order condition with respect to time we find Bji} (t) = (1— B) ij’L (#). It
follows from (A8B.12) and (A8B.27) that for this worker-firm pairing we have:

B0 = e - [0 —wr®)],
i) = (s+nu (1) - [ K@), L) - (7).

Using these results we find (A8B.33). Equation (A8B.34) is obtained by noting that wr = sy + G,
Bup = (1= PB) G, pp = vv/q,and f/q = 6.
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Since all worker-firm pairings are identical and wages are renegotiated at each in-
stant, the model is symmetric and the wage does not feature a pairing index i. Ac-
cording to (A8B.33), the wage equals the weighted average of the marginal product
of labour (Fr) and the reservation wage (wg). Equation (A8B.34) shows that the wage
can also be expressed as a weighted average of the the firm’s “surplus” (Fj, + yy0)
and the unemployment benefit. The former consists of not only the marginal prod-
uct of labour but also includes the search costs that are foregone if the deal is struck

(rv0).
B.4 Steady-state equilibrium

In the steady state, we have L (t) = U(t) = 0 and ¢, (t) = ji; (t) = 0 and the
steady-state equilibrium is fully characterized by the following equations:

Fx(k1) = p+59, (A8B.35)

F(k)-@ _ v (A8B.36)
pts q(6)

@ = BFR(k1)+(1-B)1, (A8B.37)

2= Y s (A8B.38)

U+1 s+ f(0)

where k = K/L is the capital-labour ratio, and hats denote steady-state values. Just
as in the text, the model is recursive. Equation (A8B.35) determines the capital-
labour ratio, (A8B.37) the wage rate, (A8B.36) the labour market tightness variable,
and (A8B.38) the unemployment rate.

B.5 Efficiency

To consider the efficiency properties of the decentralized market equilibrium we
first compute the social optimum and compare its first-order condition to those that
hold in the decentralized market equilibrium. The social planner chooses paths for
consumption, employment, unemployment, investment, vacancies, and the capital
stock in order to maximize lifetime utility (A8B.1), subject to the following con-
straints:

F(K(t),L(t)) = C(n)+I(7)+vyV (1), (A8B.39)
K(t) = I(t)—-6K(1), (A8B.40)
L) = ¢ (ggg) V(1) —sL (1), (A8B.41)

and taking as given the initial stocks of capital and occupied jobs, K (¢) and L (t).
Equation (A8B.39) is the economy-wide resource constraint, stating that total avail-
able output (left-hand side) is equal to the sum of consumption, investment, and
recruiting costs (right-hand side). Equation (A8B.40) is the just the accumulation
identity for capital. Finally, equation (A8B.41) is the accumulation identity for oc-
cupied jobs. Like private firms, the planner faces a search friction and must open
vacancies in order to augment the stock of filled jobs. Unlike, private firms, how-
ever, the social planner takes into account that the probability of filling a vacancy
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depends on the relative number of vacancies, as measured by the labour market
tightness indicator 6 () = V (1) /U (7).
The current-value Hamiltonian for the social planner’s optimization problem is:
He(t) = C()+y [1-U(r)-L(7)]
V(7)
0 o (G ) v s
+Ax () [F (K(7),L (7)) = C (1) =9V (1) = 6K(T) ],

where L (7) and K (7) are the state variable, A; () and Ak (7) are the co-state vari-
ables, and C (1), V (7) and U (7) are the control variables. The first-order conditions
can be written as:

Pl T
a;é‘f(i)) =0  Ax(1)=1, (A8B.42)
Pl T
a;flcé)) =0 —AL(D)FO()0 (1) =7, (A8B.43)
5 T
T e M@ EE@ T OOE] = nAk(), (s
and:
Pl T
A (@) = e (1) =~y o (o
— Ak (T) FL (K (7),L (7)), (A8B.45)
. oM (1)
A (1) = pAx (1) = = =~ [Fe (K (1), L(2)) = 0] A (1), (ABB4o)
Tim [AL(T)L(r)eW—T)} = lim [AK(T)K(T)ePU—ﬂ} —0. (A8B4Y)

By simplifying these expressions somewhat, we find the most important first-order
conditions:

o= n(0@1)f(O(r)AL(T), (A8B.48)

% = A@[-700)], (A8B.49)
Fx(k(t),1) = p+9, (A8B.50)
Ap(t) = (p+s)AL(t)—[F(k(T),1) — 7], (A8B.51)

where we have used the fact that f (6) = 64 (0),0 = V/U,and  (0) = —04' (0) /q (0)
to simplify these expressions.

The market equilibrium is efficient if and only if its first-order conditions exactly
match up with the ones for the social optimum as given in (A8B.48)-(A8B.51). The
corresponding conditions satisfying the market equilibrium are:

o= su+tf(0(1)¢r(7), (A8B.52)

v _ 18
-5 5oL (o), (A8B.53)
Fe(k(T),1) = p+3, (A8B.54)
¢L(t) = (p+9)& (1) —BIFL(k(7),1) — 7] (A8B.55)
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In various places we have used the relationship By, (t) = (1 — B) ¢y (7) that follows
from Nash bargaining over the wage rate. Equation (A8B.52) is the same as (A8B.10),
and (A8B.53) is (A8B.25) expressed in terms of §; (7). Equation (A8B.54) is the same
as (A8B.26), and (A8B.55) is obtained by re-expressing (A8B.27) in terms of ¢; (7) and
noting that the wage setting rule (A8B.33) implies that F;, —w = (1 — B) [FL — 7]

Comparing the sets of conditions (A8B.48)-(A8B.51) and (A8B.52)-(A8B.55), we
find that they exactly match and the market equilibrium is efficient if and only if the
following conditions hold:

su = 0, (A8B.56)
n@(t) = B (A8B.57)

The first condition (A8B.56) states that the government should not subsidize labour
market search. Such a subsidy distorts the labour supply decision in that is artifi-
cially raises the reservation wage. The second condition (A8B.57) is called the Hosios

condition (after Hosios, 1990). It requires the elasticity of the matching function with

respect to unemployment (17 (6) = aGgLLIfV) : G(Ll{,V)

) to be equal to the bargaining
weight of workers (B).



Chapter 9

Macroeconomic policy,
credibility, and politics

The purpose of this chapter is to discuss the following issues:

1. What do we mean by dynamic inconsistency? When is economic policy dy-
namically inconsistent and hence not credible?

2. How can reputation effects come to the rescue if the optimal policy is inconsis-
tent?

3. Why does it sometimes pay to appoint a conservative to head the central bank?

4. How can the taxation of capital give rise to dynamic inconsistency?

9.1 Dynamic inconsistency

9.1.1 A classic tale

As anyone with more than a fleeting interest in literature knows, Ulysses had a hard
time getting back to his island of Ithaca after helping the Greeks win the war against
the Trojans. Apparently the Greeks had forgotten to suitably thank the gods upon
winning the war, and this had irritated them to such an extent that they decided to
make the Greeks suffer. To cut a long story short, it took Ulysses ten years plus a lot
of trouble to get home. During this journey he and his men have to pass the island of
the Sirens. These Sirens were twin sisters and excellent singers but had a dangerous
streak to them. As the witch Circe warns Ulysses:

Your next encounter will be with the Sirens, who bewitch everybody that
approaches them. There is no home-coming for the man who draws near
them unawares and hears the Sirens” voices; no welcome from his wife,
no little children brightening at their father’s return. For with the music
of their song the Sirens cast their spell upon him, as they sit there in a
meadow piled high with the mouldering skeletons of men, whose with-
ered skin still hangs upon their bones. (Homer, 1946, p. 190 [Book XII,
lines 36-110])

235
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Ulysses is facing a difficult choice. He would like to listen to the Sirens (who
would not?) but he does not want to end up as a skeleton just yet. Fortunately Circe
also suggests a solution to the decision problem Ulysses faces. As Ulysses later tells
his men, their ears should be plugged with beeswax so that they cannot hear the
Sirens, and:

I alone . . . might listen to their voices; but you must bind me hard and
fast, so that I cannot stir from the spot where you will stand me, by the
step of the mast, with the rope’s end lashed round the mast itself. And if
I beg you to release me, you must tighten and add to my bonds. (Homer, 1946,
p- 193 [Book XII, lines 110-164]; emphasis added)

The plan is executed, they sail past the Sirens’ island, and Ulysses instructs his
men to release him. He wants to go the island. His men, suitably instructed, ignore
his pleas and add to his bonds. They escape the perilous Sirens with no additional
problems.

Ulysses’” decision problem is a classic example of dynamic inconsistency, and
Circe’s suggestion constitutes a smart solution to the problem. The optimal policy
for Ulysses and his men is to listen to the Sirens and continue the journey to Ithaca.
After all, they are good singers. Unfortunately, this policy is inconsistent, since it
leads to death and decay, and Ithaca will not be reached. Circe’s solution is to make
Ulysses commit himself to his long-term goal of reaching Ithaca by plugging the ears
of his crew, and tying himself to the mast. By giving up his authority for a brief spell,
he and his men are better off as a result. The commitment solution is consistent but
suboptimal, as his men don’t get to hear the music.!

9.1.2 A neoclassical tale

Dynamic inconsistency also features prominently in the economics literature. One
of the simplest examples of dynamic inconsistency concerns the conduct of mone-
tary policy with an expectations-augmented Phillips curve (Kydland and Prescott,
1977). Our version of their example makes use of the Lucas supply curve. Aggre-
gate supply of goods y depends on the full employment level of output 7, the in-
ﬂati;m surlzarise 7t — 1t°, and a stochastic error term € (with properties E (¢) = 0 and
E (¢?) = o?):

y=y+a[r—nl+e a>0, 9.1)

where y and 77 are both measured in logarithms. If the actual inflation rate, 77, exceeds
the expected inflation rate, 7t°, workers have overestimated the real wage, labour
supply is too high, and output is higher than its full-employment level.

We assume that agents hold rational expectations (REH, see Chapter 3), so that
the expected inflation rate coincides with the mathematical expectation of the actual
inflation rate predicted by the model, i.e. 1° = E (7r). The policy maker is assumed
to have an objective function (often referred to as a social welfare function) which de-
pends on inflation and an output target y* that is higher than the full employment
level of output (y* > 7). Although this may appear odd, the policy maker deems the

10One wonders why Ulysses did not tie all his men but one to the mast, and plug that one man’s ears
with beeswax. That way a higher level of welfare would have been attained and consistency would have
been ensured. Homer does not explain. Perhaps the mast only held one person, or the entire crew was
needed to sail the boat.
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full-employment level of output to be too low from a societal point of view. This is
for example, due to the existence of distorting taxes or unemployment benefits.? The
cost function of the policy maker is given by:

Q=ly-y+Er% >0, 9.2)

where  measures the degree of inflation aversion of the policy maker. The higher 5,
the higher the welfare costs associated with inflation, and the stronger is the inflation
aversion. The policy maker cannot directly influence the expectations held by the
private agents and consequently takes 71° as given in its optimization problem. There
is information asymmetry in the sense that the policy maker can observe the realization
of the supply shock, ¢, but the public cannot. As a result, the policy-ineffectiveness
proposition (PIP) fails and economic policy has real effects (see Chapter 3). The
policy maker chooses the inflation rate and output level such that social costs (9.2) are
minimized subject to the Lucas supply curve (9.1). The Lagrangian for this problem
is:

L=y—yP+Em+Aly—g—a(mr—7°) —¢, (9.3)
so that the first-order conditions are:

oL N B

@—[y—y]Jr/\_O, (9.4)

L

Fr Bt —aA =0. (9.5)

By combining (9.4)-(9.5) we obtain the “social expansion path”, giving all combina-
tions of inflation and output for which social costs are minimized:

y—y' =—B/0)r & m=—(a/B)ly—y']. (9.6)

This downward-sloping line has been drawn in Figure 9.1. Graphically the line rep-
resents all points of tangency between an iso-cost curve of the policy maker and a
Lucas supply curve. In view of the definition of the social welfare function (9.2),
the iso-cost curves are concentric ovals around the bliss point E, where 7 = 0 and
y = y*. The slope of the iso-cost curves is obtained in the usual fashion:
*
ia=o: T V-V

i (9.7)

It follows that the iso-cost curve is horizontal (d7t/dy = 0) for y = y* and is vertical
(drt/dy — oo0) for T = 0.
By combining (9.1) and (9.6), we obtain the expression for inflation under discre-
tion, denoted by 7p:
n=n'+1/a)[y—g—ef=n"+1/a) [~ (/) +y" —F—¢ =
1+p/)r=n"+ /)y —7—¢ =
ﬂD:an—l—zx[y —y—e]' ©8)

2Obviously, the first-best policy would be to remove these pre-existing distortions directly. It is as-
sumed that this is impossible, however, so that monetary policy is used as a second-best instrument to
boost output. See Persson and Tabellini (1989, p. 9).
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Figure 9.1: Consistent and optimal monetary policy

We use the term “discretion” because the policy maker chooses the optimal inflation
rate in each period as it pleases, i.e. after it has observed the supply shock e. Equation
(9.8) says that inflation under discretion is high if expected inflation is high, if the
ambition of the policy maker (i.e. y* — 7) is large, and if there is a negative aggregate
supply shock (¢ < 0, which is the case, for example, with an OPEC shock).

This is not the end of the story, of course, since under rational expectations agents
in the private sector know that the policy maker will choose the inflation rate 71p
under discretion, so that they will form expectations accordingly:

a2t +aly* —7]
nh=E(np) = np= Da2+,3 =

" =1, (9.9)

i
p
where we have used E (¢) = 0 (agents do not observe the supply shock but expect
it to be zero). Equation (9.9) is the rational expectations solution for the expected

inflation rate. By substituting (9.9) into (9.8) and (9.6), respectively, we obtain the
expressions for actual inflation and output under discretionary monetary policy:

nH =

p = % y* — 9] - ﬁ 3 (9.10)
yp =79+ wziﬁ €. 9.11)

These results are intuitive. Equation (9.10) says that under the REH the actual in-
flation rate is high if the output ambition of the policy maker is high or if there are
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negative supply shocks. Equation (9.11) shows that, for example, a negative supply
shock is partially accommodated by expansionary monetary policy (only partially as
B/ (e + B) < 1).3 This is especially the case if the policy maker has “leftist” pref-
erences, i.e. has a low aversion towards inflation, represented by a low value of B.
A left-wing policy maker attaches a greater importance to the stabilization of out-
put (and hence, employment) fluctuations. A similar conclusion is obtained if the
Lucas supply curve is very flat. In that case, a is very large and a large degree of
accommodation takes place.

The problem with the discrete solution is that it is suboptimal! This can be demon-
strated graphically with the aid of Figure 9.1. The discrete solution is represented
by point EP, where we have drawn the Lucas supply curve, LSCp, for a realization
of the supply shock equal to e = 0. Suppose, however, that the policy maker could
announce to the public that it would choose a zero inflation rate, ie. 7 = 0. If
the public believes this announcement, the REH implies that expected inflation will
also be zero, i.e. 1 = 0, so that the relevant Lucas supply curve would be the one
through the origin (i.e. LSCg which passes through point ER). Through this point,
there is an iso-cost curve QR that is closer to the bliss point E, and consequently in-
volves strictly lower social costs, i.e. OR < OP. Hence, for this case the solution
is:

g = g =0, (9.12)
YrR=17+e, (9.13)

where we have used the subscript “R” to designate that this is policy under a rule.
Instead of choosing the optimal inflation and output combination each period, the
policy maker follows a simple money growth rule that ensures that the inflation rate
is zero, as promised. Equation (9.13) shows that no accommodation of supply shocks
is possible under this rule (obviously, since accommodation would lead to inflation,
which violates the promise). The advantage is that there is no inflation under the
rule, as (9.12) shows.

The problem with this optimal policy is that it is inconsistent! This can also be
illustrated with the aid of Figure 9.1. The solution under the inflation rule g = 0
is given at point EX, and the relevant Lucas supply curve goes through that point
(LSCR). But the policy maker has an even more attractive option than ER if it faces
LSCg, namely the “cheating” point E¢, where there is a tangency between LSCg and
the iso-cost curve Q€. In the cheating solution, the policy maker creates an inflation
surprise 71 > 7tg = 7% = 0in order to boost output y > 7.

Formally, the cheating solution for inflation, denoted by ¢, is obtained by sub-
stituting 71° = g = 0 into (9.8):

_aly g —¢
o= —atg (9.14)
so that output is:
2
P % oy P 9.15)

c= i €.
¥ oc2+,l3y a?+ B a2+ B
3With a completely passive central banker, output would be y = 7 + ¢, i.e. the full supply shock
would enter output. In contrast, under the discretionary solution, output is equal to yp in (9.11). By
creating inflation, only a fraction, B/ [a% + B], of the supply shock enters output. Monetary policy thus
accommodates the shock somewhat.
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The upshot of this is, of course, that the solution under the zero-inflation rule is
not credible. Only if the policy maker is able to commit himself by being tied to the
“mast” of zero inflation (just like Ulysses), does the rules solution have credibility.
Before turning to one possible commitment mechanism, we summarize the ar-
gument up to this point. There are three possible options that the policy maker has
in the current setup. It can pursue discretionary policy (equations (9.10)-(9.11)), fol-
low a zero-inflation rule (equations (9.12)-(9.13)), or cheat (equations (9.14)-(9.15)).
By substituting the different solutions for output and inflation into the welfare cost
function (9.2) (assuming e = 0 for simplicity), we obtain the following expressions:

Oc =} azi 57— v 9.16)

Qr=17-y'1, 9.17)
2

Op=1% ;ﬁ -y, (9.18)

from which we infer that Qp > Qr > Q¢ > 0. The cheating solution is closest
to the bliss point, is credible but it violates the REH. The rules solution is optimal
and satisfies REH, but is open to temptation and is hence not credible. Finally, the
solution under discretion is suboptimal, satisfies REH, and is credible.

9.1.3 Reputation as an enforcement mechanism

In the previous subsection we have shown that the only policy which is both credi-
ble and consistent with rational expectations is the suboptimal discretionary policy.
Given the structure of the problem, it appears that the economy is likely to end up
in the worst possible equilibrium. In an influential article, however, Barro and Gor-
don (1983b) have demonstrated that reputation effects can come to the rescue, and
prevent this worst-case scenario from materializing. Their argument can be made
with the aid of the model developed in section 1.2. In order to keep the discussion
here as simple as possible, we assume that there are no stochastic shocks (¢ = 0).
There is repeated interaction between the policy maker and the public (represented,
for example, by the unions who set the nominal wage rate).

The cost function of the policy maker consists of the present value of the costs
incurred each period, and is defined as:

Ql Qz = Qt
V=0Qo+ —+ +-= ,
LI TNEP tgo(l—f—r)f

(9.19)

where 1 is the real discount factor (e.g. the real rate of interest), and (); is the cost
incurred in period t:

Q= Jlye—y P+ 577, (9.20)
and the Lucas supply curve is given by:
ye=g+a[m—mi], a>0. (9.21)

It is assumed for simplicity that both y* and j are constant over time and thus do not
feature a time subscript.
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As in section 1.2, there are again a number of choices that the policy maker can
make. A discretionary policy involves setting inflation according to (9.10) in each
period (with ¢ = 0 imposed). This yields a cost level of ()p in each period (see
(9.18)), so that the present value of social costs equals V-

1+7r

VP = Qp. (9.22)
Now consider what happens if the policy maker chooses to follow a constant-inflation
rule, 71; = 7tr, where we generalize the previous discussion by allowing the constant
inflation rate 7T to be non-zero. If this inflation rate is believed by the public, it will
come to expect it, so that the expected inflation rate will also be equal to 7t in each
period, so that output will equal 7 in each period. By substituting these solutions
into (9.20) the periodic cost level under the rule is obtained:

Qr(7r) = Qg + 574, (9.23)

where )y is the welfare cost under the zero-inflation rule as defined in (9.17), and
we have indicated that under the more general inflation rule, the cost level depends
positively on the chosen inflation level. By substituting (9.23) into (9.19), the present
value of costs incurred under the rule VR(7g) is obtained:

1+r

VR(ng) = [QR + gng} . (9.24)
Finally, as before, the cheating solution is derived by determining the optimal choice
for the policy maker given that the public expects it to stick to the announced in-
flation rate 7rg. By substituting 71° = 7r into equation (9.8), and setting ¢ = 0, the
expression for the cheating inflation rate 77 is obtained:

_ w27 +a [yt — 7]

e P ) (9.25)

which implies that output under cheating is given by:

_ B e B

By substituting (9.25)-(9.26) into (9.20), the periodic cost level associated with cheat-
ing is obtained:

Qc(m) =} | g 7-v) - 2% nRr

a2+ B a2+ B
B 0(2 14 " 2
+ £ |:“2+’B7TR+a2+ﬁ ly —y‘}} , (9.27)

where Q)¢ depends on the chosen inflation level under the rule. Obviously, (9.27)
and (9.16) coincide for tg = 0, and Q¢(7R) is greater than Q)¢ for any non-zero
value of 7R.

We are now in a position to introduce the policy maker’s reputation into the analy-
sis. Suppose that the public trusts the policy maker in period ¢, if it has kept its
promise in the previous period t — 1 (in the sense that it did as it was expected to
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do). If that is the case, the public expects that the rule will be followed in period t so

that inflation will be set at 7rg. On the other hand, if the policy maker did not keep

its promise in period t — 1, the public loses trust in the policy maker, and instead

expects the discrete solution to obtain in period t. In formal terms, the postulated

mechanism adopted by the public can be written as follows:
e | R ifmg=m,

7T} { My if iy # (9.28)

Equation (9.28) implies that the public adopts the tit-for-tat strategy in the repeated
prisoner’s dilemma game that it plays with the policy maker. If the policy maker
“misbehaves” it gets punished by the public for one period. To see that this is indeed
the case, consider the following possible sequences of events. We start in period 0
and assume that the policy maker has credibility in that period (i.e. in period —1 it
has kept its promise) and so expected inflation in period 0 equals the level specified
by the rule, i.e. 1y = 7R.

The first scenario that the policy maker can follow in period 0 is to keep its
promise, and to produce inflation equal to 7rg. The public observes this inflation
rate, concludes that the policy maker is trustworthy, and continues to expect that in-
flation will be set according to the rule. By sticking to its promise, the policy maker
has maintained its reputation, and no punishment takes place.

The second scenario that the policy maker can follow is to cheat in period 0. It has
an incentive to do so since the periodic cost level attained in period 0 is then given
by (9.27) which is lower than periodic cost under the rule as given in (9.23). In fact,
the temptation that the policy maker is subjected to in period 0 can be calculated:

T(mtr) = Qr(7tr) — Qc(7r)

p g B2 B e o T
—%[yy]%mzé{azw[yy]azﬂgme
IXZ o 2
_P Gy
gt g -] 929)

where we have used (9.27) and (9.23), and T(7tR) is the temptation to cheat if the pol-
icy rule stipulates an inflation rate 7rg. In Figure 9.2 we have plotted this quadratic
temptation function. Several points of this function are easy to find. If the rule infla-
tion rate 7rg = 0, T(0) is equal to:
a2

T(O) EQR*QCI%
and T(mg) = 0 if the rule inflation equals the discrete inflation rate 7tp given in
(9.10) (with ¢ = 0 imposed):

T(np) = 0. (9.31)

The inflation rate under discretion is also the point where temptation is minimized.
For higher inflation rates, the T(7tg) curve starts to rise again.

But under the second scenario, the policy maker is punished in period 1, because
it did not keep its promise in period 0. The public has lost confidence in the policy
maker, and expects the discrete solution for period 1. This causes costs in period 1



CHAPTER 9: MACROECONOMIC POLICY, CREDIBILITY, AND POLITICS 243

P,T : ;
Enforceable region

T(mg)

TR

Figure 9.2: Temptation and enforcement

to be higher than they would have been, since Qp > Qg(7tg), and these additional
costs must be taken into account in the decision about whether or not to stick to
the rule in period 0. From the point of view of the policy maker, the punishment it
receives consists of the discounted value of the additional costs it incurs in period 1:

_ Qp —Op(mr)
Plre) = 1+7r
o+ B " B " 1
{% ﬁﬁ[y—y]z Y-y - k|
2
147 2 g o] 1
—{zﬁ[y y'T - 5mR Tt (9.32)

where we have used (9.18) and (9.23). Again, a number of points on the punishment
curve can be found easily. First, if the rule inflation 7tz = 0, P(0) is equal to:

PO) = b & - yP 9.39)
C21+r B y=yl- '
Assuming that the interest rate is sufficiently high (r > a?/p), it follows from the
comparison of (9.33) and (9.30) that P(0) < T(0). Furthermore, P(7tg) = O for the
discrete inflation rate 7tp:

P(7p) = 0. (9.34)

Finally, for rule inflation rates larger than 7rp, P(7tg) < 0. The quadratic punishment
function P(7rg) has been drawn in Figure 9.2.

In period 1 the public expects the policy maker to produce the discretionary in-
flation rate 7tp, and given this expectation it is also optimal for the policy maker to
do so. Hence, in period 1 expected and actual inflation coincide, and confidence in
the policy maker is restored (see (9.28)). As a result, the public expects the rule infla-
tion rate to be produced in period 2. By assumption the policy maker does indeed
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produce the rule inflation, because we have investigated the effects of a single act of
cheating by the policy maker. No further costs are associated with the cheating that
takes place in period 0, and P(7rr) and T(7g) fully summarize the relevant costs
and benefits of a single act of cheating in period 0.*

Clearly, if the temptation of cheating exceeds the punishment, the policy maker
will submit to temptation and cheat. The public knows this and does not believe
the rule at all in such a case. In technical terms, the rule inflation is then rnot enforce-
able. This immediately explains that the zero inflation rule is not enforceable. The
temptation to cheat is simply too large for mg = 0 to be enforceable. In terms of
Figure 9.2, only rule inflation rates in the interval [77, p] are enforceable. The opti-
mal enforceable rule inflation rate is of course the lowest possible enforceable inflation
rate 71, (point E). This is because for all rule inflation rates there are no inflation
surprises (otherwise a punishment would occur) so that there are only costs associ-
ated with inflation and no benefits (through higher than full-employment output).
Consequently, the lowest enforceable inflation rate minimizes these costs. Just as
in the repeated prisoner’s dilemma game analysed inter alia by Axelrod (1984), the
enforcement mechanism in the form of loss of reputation ensures that the economy
does not get stuck in the worst equilibrium with discretionary monetary policy.

The optimal enforceable rule inflation rate 7} can be calculated by equating
P(mg) and T(7tr) given in equations (9.29) and (9.32), respectively. After some ma-
nipulation we obtain:

o (vt gy 1-¢ _ 4P
= (N5 T camen .

Hence, the optimal enforceable rule inflation rate is a weighted average of the unen-
forceable zero-inflation rule and the enforceable but suboptimal discretionary infla-
tion rate 7rp, which equals the term in round brackets (Barro and Gordon, 1983b, p.
113).°

As a final application of this model, consider what happens if the real interest
rate r rises. In terms of Figure 9.2, nothing happens to the temptation line T(7tg),
but the punishment line P(7g) rotates in a counter-clockwise fashion around the
discretionary point. As a result, the enforceable region shrinks, and the optimal
enforceable rule inflation rate rises. This is intuitive. Due to the fact that punishment
occurs one period after the offence, higher discounting of the future implies a smaller
punishment ceteris paribus. This result is confirmed by the expression in (9.35).

9.2 The voting approach to optimal inflation

In a seminal paper, Rogoff (1985) asks himself the question why it is the case that
central bankers are often selected from the conservative ranks of society. It turns
out, once again, that the answer relies on the benefits of a commitment mechanism
(like Ulysses’ mast). In order to make the point as simply as possible, we utilize the
model of section 1.2 with some minor modifications. Following Alesina and Grilli

At the beginning of period 2 the policy maker faces exactly the same problem as at the beginning of
period 0. Hence, if it pays to cheat in period 0 it also does in period 2. Vice versa, if it does not pay to
cheat in period 0 then it also does not pay in period 2. For that reason we only need to check whether
cheating pays for one deviation.

SWe assume that the interest rate is not too low (i.e. r > a?/f) so that 0 < { < 1 and the optimal
enforceable inflation rate is strictly positive. See also Figure 9.2.
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Figure 9.3: The frequency distribution of the inflation aversion parameter

(1992), we use a median voter model to determine which person is elected to head the
central bank and conduct monetary policy. Assume that person i has the following
cost function:

0=ty 1+ 57 (9-36)

where the only difference with (9.2) is that the degree of inflation aversion differs
from person to person. The Lucas supply curve is still given by (9.1), so that if person
i were elected to head the central bank, he would choose the discretionary inflation
rate and associated output level (denoted by nlb and yﬁj, respectively). In view of
(9.10)-(9.11), these would amount to:

«

gl 5o (9.37)

e, (9.38)

The preferences regarding inflation are diverse, and are summarized by the fre-
quency distribution of ;s as given in Figure 9.3. Agents with a very low value of
B; are called “left wing” in that they do not worry much about inflation but a great
deal about output and employment stabilization. At the other end of the political
spectrum, “right-wing” agents with a very high p, have a strong aversion against
inflation and worry very little about output stabilization.

We assume that the agents choose from among themselves the agent who is going
to head the central bank. Voting is on a pairwise basis and by majority rule. The
agent that is chosen has an inflation aversion parameter . For this agent there exists
no other agent i such that B; is preferred by a majority of the people over B. Since
there is a single issue (namely the choice of B) and preferences of the agents are
single-peaked in B, the median voter theorem holds (see Mueller, 1989, pp. 65-66).
In words this theorem says that the median voter determines the choice of . The
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median voter has an inflation aversion parameter 8, that is illustrated in Figure 9.3.
Exactly 50% of the population is more left wing than this voter and 50% is more right
wing than the median voter.

But the median voter knows exactly what an agent with inflation aversion pa-
rameter B would choose, since that is given by (9.37)-(9.38) by setting B; = B. By
substituting (9.37)-(9.38) into the median voter’s cost function, we obtain:

Qum = 3E ((yip - y*)z + By (ﬂb)z)

(e i)

2 2 2
1+ By (g) ] F—y )+ %ﬁ(ajfﬂg;; o, (9.39)

where we have used E(e) = 0, E(¢?) = ¢2. The median voter minimizes his expected
cost level by choice of 8. The median voter cannot observe e but knows exactly how
agent B reacts to supply shocks in general. Hence, the median voter can determine
which agent would (if chosen to head the central bank) minimize the expected value
of his welfare costs. The first-order condition is given by:

1
2

2
d?ﬁM = —12By %(J?—y*)2
2B —(igﬁj ;’)EM"‘Z)(‘XZ +8) 2o
2 _ 2

Equation (9.40) implicitly defines the optimal j as a function of the parameters of the
model and the median voter’s inflation aversion parameter 8,,. It is straightforward
to show that the median voter chooses someone more conservative than himself, i.e.
B > By To see why this is the case, we rewrite (9.40) somewhat to get:

_ Bu(@® +B)° (7 —y*)
pio?

Hence, the median voter delegates the conduct of monetary policy to someone more
inflation averse than himself, and in this manner commits himself to a lower inflation
rate.

Furthermore, it is also possible to derive the following comparative static results
with respect to the variance of the shocks (¢2), the degree of inflation aversion of the
median voter (8,,