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1

The objective of Part 1 is to present the five
fundamental principles of environmental
geology and the important information
necessary to understand the rest of the

text. Of particular importance are (1) the funda-
mental concepts of environmental science, empha-
sizing the geologic environment; (2) the structure
of Earth and, from a plate tectonics perspective,
how our planet works; (3) geologic information
concerning rocks and minerals necessary to un-
derstand environmental geology problems and
solutions to those problems; and (4) linkages be-
tween geologic processes and the living world.

Chapter 1 opens with a definition and dis-
cussion of environmental geology, followed by a
short history of the universe and the origin of
Earth. Of particular importance is the concept of
geologic time, which is critical in evaluating the
role of geologic processes and human interaction
in the environment. Five fundamental concepts
are introduced: human population growth, sus-
tainability, Earth as a system, hazardous Earth
processes, and scientific knowledge and values. 
These are revisited throughout the text. Chapter 2
presents a brief discussion of the internal structure
of Earth and a rather lengthy treatment of plate
tectonics. Over periods of several tens of millions
of years, the positions of the continents and the de-
velopment of mountain ranges and ocean basins
have dramatically changed our global environ-
ment. The patterns of ocean currents, global
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climate, and the distribution of living things on
Earth are all, in part, a function of the processes
that have constructed and maintained continents
and ocean basins over geologic time.

Minerals and rocks and how they form in
geologic environments are the subjects of Chapter
3. Minerals and rocks provide basic resources that
our society depends on for materials to construct
our homes, factories, and other structures; to man-
ufacture airplanes, trains, cars, buses, and trucks
that move people and goods around the globe;
and to maintain our industrial economy, including
everything from computers to eating utensils. The
study of minerals and rocks aids in our general un-
derstanding of Earth processes at local, regional,
and global levels. This knowledge is particularly
important in understanding hazardous processes,
including landslides and volcanic eruptions, in
which properties of the rocks are intimately relat-
ed to the processes and potential effects on human
society.

Geology and ecology and the many links
between the two are presented in Chapter 4. An
ecosystem includes the non-living environment,
which is the geologic environment. In addition, the
living part of an ecosystem (community of orga-
nisms) has many important feedback cycles and
links to important landscape and geologic pro-
cesses.  Chapter 4 presents some basics of ecology
for geologists and emphasizes their relationship to
environmental geology.
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Learning Objectives
In this chapter we discuss and define geology
and environmental geology, focusing on aspects
of culture and society that are particularly signif-
icant to environmental awareness. We present
some basic concepts of environmental science
that provide the philosophical framework of this
book. After reading this chapter, you should be
prepared to discuss the following:

� Geology and environmental geology as a 
science

� Increasing human population as the number
one environmental problem

� The concept of sustainability and important
factors related to the “environmental crisis”

� Earth as a system and changes in systems

� The concepts of environmental unity and uni-
formitarianism and why they are important to
environmental geology

� Hazardous Earth processes

� Scientific knowledge and values

� The scientific method

� Geologic time and its significance

� The precautionary principle

� Why solving environmental problems can be
difficult

3

Philosophy and
Fundamental Concepts

Easter Island
A story of rise and fall of a society that overused its resources.
(Tom Till/Getty Images Inc.)
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4 Chapter 1 Philosophy and Fundamental Concepts

CASE HISTORY
Easter Island: Are We on the Same Path 
at a Global Scale?

Easter Island, at 172 km2, is a small, triangular-shaped, vol-
canic island located several thousand kilometers west of
South America, with a subtropical climate. Polynesian people
first reached the island approximately 1,500 years ago. When
the Polynesians first arrived, they were greeted by a green is-
land covered with forest, including large plam trees. By the
sixteenth century, 15,000 to 30,000 people were living there.
They had established a complex society spread among small
villages and they raised crops and chickens to supplement the
fish, marine mammals, and seabirds that sustained their diet.
For religious reasons, they carved massive statues (called
moai) from volcanic rock. The statues have the form of a
human torso with stone headdress. Most are about 7 m high
(21 ft), but some were higher than 20 m. The statues were
moved into place at various locations on the island using
ropes with tree trunks as rollers.

When Europeans reached Easter Island in the seventeenth
century, only about 2,000 people were living on the island.
The main symbols of the once-vibrant civilization were the
statues, most of which had been toppled and damaged. No
trees were growing on the island and the people were living
in a degraded environment.

Why Did the Society Collapse? Evidently, the society
collapsed in just a few decades, probably the result of degra-
dation of the island’s limited resource base. As the human
population of the island increased, more and more land was
cleared for agriculture while remaining trees were used for
fuel and for moving the statues into place. Previously, the
soils were protected beneath the forest cover and held water
in the subtropical environment. Soil nutrients were probably
supplied by dust from thousands of kilometers away that
reached the island on the winds. Once the forest was cleared,
the soils eroded and the agricultural base of the society was
diminished. Loss of the forest also resulted in loss of forest
products necessary for building homes and boats, and, as a
result, the people were forced to live in caves. Without boats,
they could no longer rely on fish as a source of protein. As
population pressure increased, wars between villages became
common, as did slavery and even cannibalism, in attempts to
survive in an environment depleted of its resource base.

Lessons Learned. The story of Easter Island is a dark one that
vividly points to what can happen when an isolated area is
deprived of its resources through human activity: Limited re-
sources cannot support an ever-growing human population.

Although the people of Easter Island did deplete their re-
sources, the failure had some factors they could not under-
stand or recognize. Easter Island has a naturally fragile
environment1 compared to many other islands the Polyne-
sians colonized.
� The island is small and very isolated. The inhabitants

couldn’t expect help in hard times from neighboring
islands.

� Volcanic soils were originally fertile, but agricultural ero-
sion was a problem and soil-forming processes on the
island were slow compared to more tropical islands.
Nutrient input to soils from atmospheric dust from Asia
was not significant.

� The island’s three volcanoes are not active, so no fresh vol-
canic ash added nutrients to the soils. The topography is
low with gentle slopes. Steep high mountains generate
clouds, rain, and runoff that nourishes lowlands.

� With a subtropical climate with annual rainfall of 80 cm
(50 in), there was sufficient rainfall, but the water quickly
infiltrated through the soil into porous volcanic rock.

� There are no coral reefs at Easter Island to provide abun-
dant marine resources.

There is fear today that our planet, an isolated island in
space, may be reaching the same threshold faced by the peo-
ple of Easter Island in the sixteenth century. In the twenty-
first century, we are facing limitations of our resources in a
variety of areas, including soils, fresh water, forests, range-
lands, and ocean fisheries. The primary question from both an
environmental perspective and for the history of humans on
Earth is: Will we recognize the limits of Earth’s resources be-
fore it is too late to avoid the collapse of human society on a
global scale? Today there are no more frontiers on Earth, and
we have a nearly fully integrated global economy. With our
modern technology, we have the ability to extract resources
and transform our environment at rates much faster than any
people before us. The major lesson from Easter Island is clear:
Develop a sustainable global economy that ensures the sur-
vival of our resource base and other living things on Earth, or
suffer the consequences.1

Some aspects of the history of Easter Island have recently
been challenged as being only part of the story. Deforestation
certainly played a role in the loss of the trees, and rats that ar-
rived with the Polynesians were evidently responsible for
eating seeds of the palm trees, not allowing regeneration.
The alternative explanation is that the Polynesian people on
Easter Island at the time of European contact in 1722 num-
bered about 3,000 persons. This population may have been
close to the maximum reached in about the year 1350.
Following contact, introduced diseases and enslavement,
resulted in reduction of the population to about 100 by the
late 1870s.2 As more of the story of Easter Island emerges
from scientific and social studies, the effects of human re-
source exploitation, invasive rats, and European contact will
become clearer. The environmental lessons of the collapse
will lead to a better understanding of how we can sustain our
global human culture.
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Introduction to Environmental Geology 5

1.1 Introduction to Environmental Geology
Everything has a beginning and an end. Our Earth began about 4.6 billion years
ago when a cloud of interstellar gas known as a solar nebula collapsed, forming
protostars and planetary systems (see A Closer Look: Earth’s Place in Space).
Life on Earth began about 3.5 billion years ago, and since then multitudes of di-
verse organisms have emerged, prospered, and died out, leaving only fossils to
mark their place in Earth’s history. Just a few million years ago, our ancestors set
the stage for the present dominance of the human species. As certainly as our
Sun will die, we too will eventually disappear. Viewed in terms of billions of
years, our role in Earth’s history may be insignificant, but for those of us now
living and for our children and theirs, our impact on the environment is signifi-
cant indeed.

A CLOSER LOOK Earth’s Place in Space

The famous geologist Preston Cloud wrote:

Born from the wreckage of stars, compressed to a solid
state by the force of its own gravity, mobilized by the heat
of gravity and radioactivity, clothed in its filmy garments
of air and water by the hot breath of volcanoes, shaped
and mineralized by 4.6 billion years of crustal evolution,
warmed and peopled by the Sun, this resilient but finite
globe is all our species has to sustain it forever.3

In this short, eloquent statement, Cloud takes us from the
origin of Earth to the concept of sustainability that today is at
the forefront of thinking about the environment and our future.

We Have a Right to Be Here. The place of humanity in the
universe is stated well in the Desiderata: “You are a child of
the universe, no less than the trees and the stars; you have the
right to be here. And whether or not it is clear to you, no
doubt the universe is unfolding as it should.”4 To some this
might sound a little out of place in science but, as emphasized
further by Cloud, people can never escape the fact that we are
one piece of the biosphere, and, although we stand high in it,
we are not above it.3

Origin of the Universe. Figure 1.A presents an idealized
view of the history of the universe with an emphasis on the
origin of our solar system and Earth. Scientists studying the
stars and the origin of the universe believe that about 12 bil-
lion years ago, there was a giant explosion known as the big
bang. This explosion produced the atomic particles that later
formed galaxies, stars, and planets. It is believed that about
7 billion years ago, one of the first generations of giant stars
experienced a tremendous explosion known as a supernova.
This released huge amounts of energy, producing a solar neb-
ula, which is thought to be a spinning cloud of dust and gas.
The solar nebula condensed as a result of gravitational pro-
cesses, and our Sun formed at the center, but some of the par-
ticles may have been trapped in solar orbits as rings, similar
to those we observe around the planet Saturn. The density of
particles in individual rings was evidently not constant, so

gravitational attraction from the largest density of particles
in the rings attracted others until they collapsed into the
planetary system we have today. Thus, the early history of
planet Earth, as well that of the other planets in our solar
system, was characterized by intense bombardment of mete-
orites. This bombardment was associated with accretionary
processes—that is, the amalgamation of various sized parti-
cles, from dust to meteorites, stony asteroids, and ice-rich
comets many kilometers in diameter—that resulted in the for-
mation of Earth about 4.6 billion years ago.3,5 This is the part
of Earth’s history that Cloud refers to when he states that
Earth was born from the wreckage of stars and compressed
to a solid state by the force of its own gravity. Heat generated
deep within Earth, along with gravitational settling of heav-
ier elements such as iron, helped differentiate the planet into
the layered structure we see today (see Chapter 2).

Origin of Atmosphere and Water on Earth. Water from ice-
cored comets and outgassing, or the release of gases such as
carbon dioxide and water vapor, from volcanoes and other
processes, produced Earth’s early atmosphere and water.
About 3.5 billion years ago the first primitive life-forms ap-
peared on Earth in an oxygen-deficient environment. Some of
these primitive organisms began producing oxygen through
photosynthesis, which profoundly affected Earth’s atmo-
sphere. Early primitive, oxygen-producing life probably lived
in the ocean, protected from the Sun’s ultraviolet radiation.
However, as the atmosphere evolved and oxygen increased,
an ozone layer was produced in the atmosphere that shielded
Earth from harmful radiation. Plants evolved that colonized
the land surface, producing forests, meadows, fields, and
other environments that made the evolution of animal life on
the land possible.3

The spiral of life generalized in Figure 1.A delineates evo-
lution as life changed from simple to complex over several
billion years of Earth’s history. The names of the eras, periods,
and epochs that geologists use to divide geologic time are
labeled with their range in millions or billions of years from
the present (Table 1.1). If you go on to study geology, they will
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8 Chapter 1 Philosophy and Fundamental Concepts

become as familiar to you as the months of the year. The
boundaries between eras, periods, and epochs are based
on both the study of what was living at the particular time
and on important global geologic events in Earth’s history.
Relative ages of rocks are based on the assemblage of fossils—
that is, evidence for past life such as shells, bones, teeth,
leaves, seeds—that are found in rocks or sediments. A general
principle of geology, known as the law of faunal assem-
blages, states that rocks with similar fossils are most likely
of a similar geologic age. For example, if we find bones of
dinosaurs in a rock, we know the rocks are Mesozoic in
age. Fossils provide relative ages of rocks; numerical, or ab-
solute, dates depend upon a variety of sophisticated chemical
age-dating techniques. These age-dating techniques allow
geologists to often pinpoint the geologic age of rocks contain-
ing fossils to within a few million years or better.

Evolution as a Process. The evolutionary process as deduced
from the fossil record has not been a smooth continuous one
but instead has been punctuated by explosions of new species
at some times and extinction of many species at other times.
Five mass extinction events are shown in Figure 1.A.

Evolution and extinction of species are natural processes,
but for those times when many species became extinct at ap-
proximately the same time, we use the term mass extinction.
For example, the dinosaurs became extinct approximately
65 million years ago. Some geologists believe this mass ex-
tinction resulted from climatic and environmental changes
that naturally occurred on Earth; others believe the planet
was struck by a “death star,” an asteroid of about 10 km (6 mi)
in diameter, that crashed into what is today the Yucatan

Peninsula in Mexico. It is believed that another such impact
would produce firestorms and huge dust clouds that would
circle Earth in the atmosphere for a prolonged period of time,
blocking out sunlight, greatly reducing or stopping photosyn-
thesis, and eventually leading to mass extinction of both the
species that eat plants and the predators that feed on the plant
eaters.5

It is speculated that asteroids of the size that may have
caused the dinosaurs to become extinct are not unique, and
such catastrophic impacts have occurred at other times dur-
ing Earth history. Such an event is the ultimate geologic haz-
ard, the effects of which might result in another mass
extinction, perhaps including humans! (See Chapter 11.) For-
tunately, the probability of such an occurrence is very small
during the next few thousand years. In addition, we are de-
veloping the technology to identify and possibly deflect aster-
oids before they strike Earth. The history of our solar system
and Earth, briefly outlined here, is an incredible story of plan-
etary and biological evolution. What will the future bring? We
do not know, of course, but certainly it will be punctuated by
a change, and as the evolutionary processes continue, we too
will evolve, perhaps to a new species. Through the processes
of pollution, agriculture, urbanization, industrialization, and
the land clearing of tropical forest, humans appear to be caus-
ing an acceleration of the rate of extinction of plant and ani-
mal species. These human activities are significantly reducing
Earth’s biodiversity—the number and variability of species
over time and space (area)—and are thought to be a major en-
vironmental problem because many living things, including
humans, on Earth depend on the environment with its diver-
sity of life-forms for their existence.

Geologically speaking, we have been here for a very short time. Dinosaurs, for
example, ruled the land for more than 100 million years. Although we do not
know how long our own reign will be, the fossil record suggests that all species
eventually become extinct. How will the history of our own species unfold, and
who will write it? Our hope is to leave something more than some fossils that
mark a brief time when Homo sapiens flourished. Hopefully, as we evolve we will
continue to become more environmentally aware and find ways to live in har-
mony with our planet.

Geology is the science of processes related to the composition, structure, and
history of Earth and its life. Geology is an interdisciplinary science, relying on as-
pects of chemistry (composition of Earth’s materials), physics (natural laws), and
biology (understanding of life-forms).

Environmental geology is applied geology. Specifically, it is the use of geologic
information to help us solve conflicts in land use, to minimize environmental
degradation, and to maximize the beneficial results of using our natural and mod-
ified environments. The application of geology to these problems includes the
study of the following (Figure 1.1).

1. Earth materials, such as minerals, rocks, and soils, to determine how they
form, their potential use as resources or waste disposal sites, and their effects
on human health

2. Natural hazards, such as floods, landslides, earthquakes, and volcanic
activity, in order to minimize loss of life and property

3. Land for site selection, land-use planning, and environmental impact
analysis
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Introduction to Environmental Geology 9

4. Hydrologic processes of groundwater and surface water to evaluate water
resources and water pollution problems

5. Geologic processes, such as deposition of sediment on the ocean floor, the
formation of mountains, and the movement of water on and below the sur-
face of Earth, to evaluate local, regional, and global change

Hard rock

Gravel

Beach

Groundwater well

Orchards

Water table
for groundwater

Buildings

Polluted marine water

Landslide

Forest on mountain

Earth materials
Gravel quarry (1a) and rock quarry (1b)

1.

Hazards
Flooding from rivers (2a), earthquake fault (2b),
coastal erosion (2c), landslide (2d)

2.

Land-use planning and environmental impact
Urban and coastal lands, rivers, and reservoirs (3a–e)

3.

Hydrologic processes
Surface rivers (4a), and groundwater (4b),
water pollution (4c)

4.

O
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Figure 1.1 Components of environmental geology Idealized diagram illustrating four main areas
of study for environmental geology. Geologic processes encompass all of the four areas. These offer em-
ployment opportunities for geologists, engineers, and hydrologists.
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10 Chapter 1 Philosophy and Fundamental Concepts

Considering the breadth of its applications, we can further define environmen-
tal geology as the branch of Earth science that studies the entire spectrum of
human interactions with the physical environment. In this context, environmental
geology is a branch of environmental science, the science of linkages between phys-
ical, biological, and social processes in the study of the environment.

1.2 Fundamental Concepts 
of Environmental Geology

Before we begin to explore the many facets of environmental geology presented in
this textbook, there are some basic concepts that need to be introduced. These five
fundamental concepts serve as a conceptual framework upon which the rest of the
textbook will build. As you read through Introduction to Environmental Geology,
you will notice that these concepts are revisited throughout the text.

1. Human population growth

2. Sustainability

3. Earth as a system

4. Hazardous Earth processes

5. Scientific knowledge and values

The five concepts presented here do not constitute a list of all concepts that are
important to environmental geologists, and they are not meant to be memorized.
However, a general understanding of each concept will help you comprehend and
evaluate the material presented in the rest of the text.

Concept One: Human Population Growth
The number one environmental problem 
is the increase in human population

The number one environmental problem is the ever-growing human population.
For most of human history our numbers were small as was our input on Earth.
With the advent of agriculture, sanitation, modern medicine, and, especially, inex-
pensive energy sources such as oil, we have proliferated to the point where our
numbers are a problem. The total environmental impact from people is estimated
by the impact per person times the total number of people. Therefore, as popula-
tion increases, the total impact must also increase. As population increases, more
resources are needed and, given our present technology, greater environmental
disruption results. When local population density increases as a result of political
upheaval and wars, famine may result (Figure 1.2).

Exponential Growth
What Is the Population Bomb? Overpopulation has been a problem in some
areas of the world for at least several hundred years, but it is now apparent that it
is a global problem. From 1830 to 1930, the world’s population doubled from 1 to
2 billion people. By 1970 it had nearly doubled again, and by the year 2000 there
were about 6 billion people on Earth. The problem is sometimes called the popu-
lation bomb, because the exponential growth of the human population results in
the explosive increase in the number of people (Figure 1.3). Exponential growth
for increase in humans means that the number of people added to the population
each year is not constant; rather, a constant percentage of the current population is
added each year. As an analogy, consider a high-yield savings account that pays
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6.12000
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The population bomb

Growth of world population to the year 2000

1830 1.0

5.3
4.5

3.7
3.0

2.0
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Figure 1.3 The population bomb
The population in 2006 is 6.6 billion
and growing (Modified after U.S.

Department of State)

interest of 7 percent per year. If you start with $100, at the end of the first year you
have $107, and you earned $7 in interest. At the end of the second year, 7 percent
of $107 is $7.49, and your balance is $107 plus $7.49, or $114.49. Interest in the third
year is 7 percent of 114.49, or $8.01, and your account has $122.51. In 30 years you
will have saved about $800.00. Read on to find out how I know this.

There are two important aspects of exponential growth:

� The growth rate, measured as a percentage
� The doubling time, or the time it takes for whatever is growing to double

Figure 1.4 illustrates two examples of exponential growth. In each case, the object
being considered (student pay or world population) grows quite slowly at first,

Figure 1.2 Famine Korem
Camp, Ethiopia, in 1984. Hungry 
people are forced to flee their homes
as a result of political and military 
activity and gather in camps such as
these. Surrounding lands may be 
devastated by overgrazing from stock
animals, gathering of firewood, and
just too many people in a confined
area. The result may be famine. (David 

Burnett/Contact Press Images, Inc.)
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12 Chapter 1 Philosophy and Fundamental Concepts

begins to increase more rapidly, and then continues at a very rapid rate. Even very
modest rates of growth eventually produce very large increases in whatever is
growing.

How Fast Does Population Double? A general rule is that doubling time (D) is
roughly equal to 70 divided by the growth rate (G):

Using this approximation, we find that a population with a 2 percent annual
growth rate would double in about 35 years. If it were growing at 1 percent per
year, it would double in about 70 years.

Many systems in nature display exponential growth some of the time, so it is
important that we be able to recognize such growth because it can eventually
yield incredibly large numbers. As an extreme example of exponential growth
(Figure 1.4a), consider the student who, after taking a job for 1 month, requests
from the employer a payment of 1 cent for the first day of work, 2 cents for the sec-
ond day, 4 cents for the third day, and so on. In other words, the payment would
double each day. What would be the total? It would take the student 8 days to
earn a wage of more than $1 per day, and by the eleventh day, earnings would be
more than $10 per day. Payment for the sixteenth day of the month would be more
than $300, and on the last day of the 31-day month, the student’s earnings for that
one day would be more than $10 million! This is an extreme case because the con-
stant rate of increase is 100 percent per day, but it shows that exponential growth
is a very dynamic process. The human population increases at a much lower
rate—1.4 percent per year today—but even this slower exponential growth even-
tually results in a dramatic increase in numbers (Figure 1.4b). Exponential growth
will be discussed further under Concept Three, when we consider systems and
change.

Human Population Through History
What Is Our History of Population Growth? The story of human population in-
crease is put in historic perspective in Table 1.2. When we were hunter-gatherers,

D = 70/G
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Figure 1.4 Exponential growth
(a) Example of a student’s pay, begin-
ning at 1 cent for the first day of work
and doubling daily for 31 days.
(b) World population. Notice that both
curves have the characteristic J shape,
with a slow initial increase followed by
a rapid increase. The actual shape of
the curve depends on the scale at
which the data are plotted. It often
looks like the tip of a skateboard.
(Population data from U.S. Department 

of State)
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Fundamental Concepts of Environmental Geology 13

TABLE 1.2 How We Became 6 Billion �

40,000–9,000 B.C.: Hunters and Gatherers

Population density about 1 person per 100 km2 of habitable areas;* total population probably less than a few million; average annual growth rate less
than 0.0001% (doubling time about 700,000 years)

9,000 B.C.–A.D. 1600: Preindustrial Agricultural

Population density about 1 person per 3 km2 of habitable areas (about 300 times that of the hunter and gatherer period); total population about 500
million; average annual growth rate about 0.03% (doubling time about 2,300 years)

A.D. 1600–1800: Early Industrial

Population density about 7 persons per 1 km2 of habitable areas; total population by 1800 about 1 billion; annual growth rate about 0.1% (doubling
time about 700 years)

A.D. 1800–2000: Modern

Population density about 40 persons per 1 km2; total population in 2000 about 6.1 billion; annual growth rate at 2000 about 1.4% (doubling time
about 50 years)

*Habitable area is assumed to be about 150 million square kilometers (58 million square miles). Modified after Botkin, D. B., and Keller, E. A. 2000. Environmental
science, 3rd ed. New York: John Wiley and Sons.

our numbers were very small, and growth rates were very low. With agriculture,
growth rates in human population increased by several hundred times owing to a
stable food supply. During the early industrial period (A.D. 1600 to 1800) growth
rates increased again by about 10 times. With the Industrial Revolution, with
modern sanitation and medicine, the growth rates increased another 10 times.
Human population reached 6 billion in 2000. By 2013 it will be 7 billion and by
2050 it will be about 9 billion. That is 1 billion new people in only 13 years
and 3 billion (about one-half of today’s population) in 50 years. By comparison,
total human population had reached only 1 billion in about A.D. 1800, after over
40,000 years of human history! Less developed countries have death rates similar
to those of more developed countries, but their birth rates are twice those of
developed countries. India will likely have the greatest population of all countries
by 2050, with about 18 percent of the total world population, followed by China
with 15 percent. Together, these two countries will then have about one-third of
the total world population by 2050.6

Population Growth and the Future
How Many People Can Earth Comfortably Support? Because Earth’s popula-
tion is increasing exponentially, many scientists are concerned that in the twenty-
first century it will be impossible to supply resources and a high-quality
environment for the billions of people who may be added to the world popula-
tion. Three billion more people by 2050, with almost all of the growth in the de-
veloping countries, is cause for concern. Increasing population at local, regional,
and global levels compounds nearly all environmental geology problems, includ-
ing pollution of ground and surface waters; production and management of haz-
ardous waste; and exposure of people and human structures to natural processes
(hazards) such as floods, landslides, volcanic eruptions, and earthquakes.

There is no easy answer to the population problem. In the future we may be
able to mass-produce enough food from a nearly landless agriculture, or use arti-
ficial growing situations, to support our ever-growing numbers. However, the
ability to feed people does not solve the problems of limited space available to
people and maintenance or improvement of their quality of life. Some studies sug-
gest that the present population is already above a comfortable carrying capacity
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14 Chapter 1 Philosophy and Fundamental Concepts

for the planet. Carrying capacity is the maximum number of people Earth can
hold without causing environmental degradation that reduces the ability of the
planet to support the population. The role of education is paramount in the popu-
lation problem. As people (particularly women) become more educated, the
population growth rate tends to decrease. As the rate of literacy increases, popula-
tion growth is reduced. Given the variety of cultures, values, and norms in
the world today, it appears that our greatest hope for population control is, in
fact, through education.7

The Earth Is Our Only Suitable Habitat. The Earth is now and for the foresee-
able future the only suitable habitat we have, and its resources are limited. Some
resources, such as water, are renewable, but many, such as fuels and minerals, are
not. Other planets in our solar system, such as Mars, cannot currently be consid-
ered a solution to our resource and population problems. We may eventually have
a colony of people on Mars, but it would be a harsh environment, with people liv-
ing in bubbles.

When resource and other environmental data are combined with population
growth data, the conclusion is clear: It is impossible, in the long run, to support
exponential population growth with a finite resource base. Therefore, one of the
primary goals of environmental work is to ensure that we can defuse the popu-
lation bomb. Some scientists believe that population growth will take care of it-
self through disease and other catastrophes, such as famine. Other scientists are
optimistic that we will find better ways to control the population of the world
within the limits of our available resources, space, and other environmental
needs.

Good News on Human Population Growth. It is not all bad news regarding
human population growth; for the first time since the mid-1900s; the rate of in-
crease in human population is decreasing. Figure 1.5 shows that the number of
people added to the total population of Earth peaked in the late 1980s and has
generally decreased since then. This is a milestone in human population growth
and it is encouraging.8 From an optimistic point of view, it is possible that our
global population of 6 billion persons in 2000 may not double again. Although
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Figure 1.5 Good news on popu-
lation growth World annual increase
in population peaked in the late 1980s.
Today it is at a level comparable to the
late 1970s. This increase is like adding
two Californias each year. (Data from

the U.S. Bureau of the Census and World-

watch Institute)
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Fundamental Concepts of Environmental Geology 15

population growth is difficult to estimate because of variables such as agriculture,
sanitation, medicine, culture, and education, it is estimated that by the year 2050
human population will be between 7.3 and 10.7 billion, with 8.9 billion being most
likely. Population reduction is most likely related to the education of women, the
decision to marry later in life, and the availability of modern birth control meth-
ods. Until the growth rate is zero, however, population will continue to grow.
About 20 countries, mostly in Western Europe but including China, have achieved
a total fertility rate (number of children per woman) less than 2.1, which is the
level necessary for replacement.

Concept Two: Sustainability
Sustainability is the environmental objective

What is sustainability? Sustainability is something that we are struggling to de-
fine. One definition is that sustainability is development that ensures that future
generations will have equal access to the resources that our planet offers. Sustain-
ability also refers to types of development that are economically viable, do not
harm the environment, and are socially just.7 Sustainability is a long-term concept,
something that happens over decades or even over hundreds of years. It is impor-
tant to acknowledge that sustainability with respect to use of resources is possible
for renewable resources such as air and water. Sustainable development with
respect to nonrenewable resources such as fossil fuels and minerals is possible
by, first, extending their availability through conservation and recycling; and sec-
ond, rather than focusing on when a particular nonrenewable resource is deplet-
ed, focusing on how that mineral is used and develop substitutes for those uses.

There is little doubt that we are using living environmental resources such as
forests, fish, and wildlife faster than they can be naturally replenished. We have
extracted minerals, oil, and groundwater without concern for their limits or for
the need to recycle them. As a result, there are shortages of some resources. We
must learn how to sustain our environmental resources so that they continue to
provide benefits for people and other living things on the planet.

We stated in Concept One, with respect to humans and resources, that Earth is
the only place to live that is now accessible to us, and our resources are limited. To
meet future resource demands and to sustain our resources, we will need large-
scale recycling of many materials. Most materials can theoretically be recycled.
The challenge is to find ways to do it that do not harm the environ-
ment, that increase the quality of life, and that are economically vi-
able. A large part of our solid and liquid waste disposal problems
could be alleviated if these wastes were reused or recycled. In other
words, many wastes that are now considered pollutants can be turned
into resources. Land is also an important resource for people, plants,
and animals as well as for manufacturing, mining, and energy pro-
duction; transportation; deposition of waste products; and aesthetics.
Owing in part to human population increases that demand more land
for urban and agricultural purposes, human-induced change to Earth
is increasing at a rapid rate. A recent study of human activity and the
ability to move soil and rock concluded that human activity (agricul-
ture, mining, urbanization, and so on) moves as much or more soil
and rock on an annual basis than any other Earth process (Figure 1.6),
including mountain building or river transport of sediment. These ac-
tivities and their associated visual changes to Earth (for example, lev-
eling hills) suggest that human activity is the most significant process
shaping the surface of Earth.9 (See A Closer Look: Human Landscape
Modification: Ducktown, Tennessee.) We’ll discuss land-use planning
in Chapter 20.

Figure 1.6 Mining A giant exca-
vating machine in this mine can move
Earth materials at a rate that could
bury one of the Egyptian Pyramids in a
short time. (Joseph J. Scherschel/NGS

Image Collection)
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A CLOSER LOOK
Human Landscape Modification: 
Ducktown, Tennessee

A Man-Made Desert in Tennessee? The land surrounding
Ducktown once looked more like the Painted Desert of
Arizona than the lush vegetation of the Blue Ridge Mountains

of the southeastern United States (Figure 1.B, part a).10 The
story of Ducktown starts in 1843 when what was thought
to be a gold rush turned out to be a rush for copper. By 1855,

16 Chapter 1 Philosophy and Fundamental Concepts
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Figure 1.B The lasting effects of land abuse (a) Location of Ducktown,Tennessee. (b) The human-made desert resulting from mining activities
around Ducktown more than 100 years ago. Extensive soil erosion and loss of vegetation have occurred, and complete recovery will probably take more
than 100 years. (Kristoff, Emory/NGS Image Sales) (c) Ducktown area in recent years, showing the process of recovery. (Tennessee Valley Authority)
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Fundamental Concepts of Environmental Geology 17

Are We in an Environmental Crisis? Demands made on diminishing resources
by a growing human population and the ever-increasing production of human
waste have produced what is popularly referred to as the environmental crisis.
This crisis in the United States and throughout the world is a result of overpopu-
lation, urbanization, and industrialization, combined with too little ethical regard
for our land and inadequate institutions to cope with environmental stress.10 The
rapid use of resources continues to cause environmental problems on a global
scale, including

� Deforestation and accompanying soil erosion and water and air pollution
occur on many continents (Figure 1.7a).

� Mining of resources such as metals, coal, and petroleum wherever they
occur produces a variety of environmental problems (Figure 1.7b).

� Development of both groundwater and surface-water resources results in
loss of and damage to many environments on a global scale (see Case
History: The Aral Sea: The Death of a Sea).

On a positive note, we have learned a great deal from the environmental crisis,
particularly concerning the relationship between environmental degradation and
resource utilization. Innovative plans for sustainable development of resources,
including water and energy, are being developed to lessen a wide variety of envi-
ronmental problems associated with using resources.

30 companies were transporting copper ore by mule over the
mountains to a site called Copper Basin and to Ducktown.
Huge ovens—open pits 200 m (656 ft) long and 30 m (98 ft)
deep—were constructed to separate the copper from zinc,
iron, and sulfur. The local hardwood forest was cut to fuel
these ovens, and the tree stumps were pulled and turned into
charcoal. Eventually, every tree over an area of about 130 km2

(50 mi2), or an area equal to approximately four times that of
Manhattan Island, was removed. The ovens produced great
clouds of noxious gas that were reportedly so thick that
mules wore bells to keep from colliding with people and each
other. The sulfur dioxide gas and particulates produced acid
rain and acid dust that killed the remaining vegetation. This
loss of vegetation led to extensive soil erosion, leaving behind
a hard mineralized rock cover resembling a desert. The
scarred landscape is so large that it is one of the few human
landmarks visible from space (Figure 1.B, part b).

People Are Basically Optimistic About Their Future. The
devastation resulting from the Ducktown mining activity
also produced adverse economic and social change. Never-
theless, people in Ducktown remain optimistic. A sign at the
entry to the town states, “Copper made us famous. Our peo-
ple made us great.” The revegetation process started in the
1930s, and most of the area is now covered with some vege-
tation (Figure 1.B, part c). However, it will probably take hun-
dreds of years for the land to completely recover. The lessons
learned from the restoration of the Copper Basin will provide
useful information for other areas in the world where human-
made deserts occur, such as the area around the smelters in
Sudbury, Ontario (Figure 1.C). However, there is still concern
for mining areas, particularly in developing countries, where
landscape destruction similar to that at Copper Basin is still
ongoing.12

Figure 1.C Air pollution Area around 
Sudbury, Ontario, devoid of vegetation because 
of air pollution from smelters, smokestacks in 
background. (Bill Brooks/Masterfile Corporation)
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Do We Need to Save Earth or Ourselves? The environmental slogan of the 1990s
was “save our planet.” Is Earth’s very survival really in danger? In the long view
of planetary evolution, it seems highly likely that Earth will outlive the human
race. Our Sun is likely to last another several billion years at least, and even if
all humans became extinct in the next few years, life would still flourish on our
planet. The environmental degradation we have imposed on the landscape,
atmosphere, and waters might last for a few hundreds or thousands of years, but
they would eventually be cleansed by natural processes. Therefore, our major con-
cern is the quality of the human environment, which depends on sustaining our
larger support systems, including air, water, soil, and other life.

Concept Three: Earth as a System
Understanding Earth’s systems and their changes 
is critical to solving environmental problems.

A system is any defined part of the universe that we select for study. Examples of
systems are a planet, a volcano, an ocean basin, or a river (Figure 1.8). Most sys-
tems contain several component parts that mutually adjust to function as a whole,
with changes in one component bringing about changes in other components. For
example, the components of our global system are water, land, atmosphere, and
life. These components mutually adjust, helping to keep the entire Earth system
operating.11

Figure 1.7a Logging Clear-cut
timber harvesting exposes soils,
compacting them and generally con-
tributing to an increase in soil erosion
and other environmental problems.
(Edward A. Keller)

Figure 1.7b Mining Large open
pit mines such as this one east of 
Silver City, New Mexico, are necessary
if we are to obtain resources. However,
they do cause disturbance to the sur-
face of the land, and reclamation may
be difficult or nearly impossible in
some instances. (Michael Collier)
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Figure 1.8 River as a system Image of part of the Amazon River system (blue)
and its confluence with the Rio Negro (black). The blue water of the Amazon is heavily
laden with sediment, whereas the water of the Rio Negro is nearly clear. Note that as the
two large rivers join, the waters do not mix initially but remain separate for some dis-
tance past the confluence. The Rio Negro is in flood stage. The red is the Amazon rain
forest, and the white lines are areas of human-caused disturbances such as roads. (Earth

Satellite Corporation/Science Photo Library/Photo Researchers, Inc.)

CASE HISTORY The Aral Sea: The Death of a Sea

The Aral Sea, located between Kazakhstan and Uzbekistan,
formerly part of the Union of Soviet Socialist Republics, was a
prosperous tourist vacation spot in 1960. Water diversion for
agriculture nearly eliminated the Aral Sea in a period of only
30 years. It is now a dying sea surrounded by thousands of
square kilometers of salt flats, and the change is permanently
damaging the economic base of the region.

In 1960, the area of the Aral Sea was about 67,000 km2

(around 26,200 mi2). Diversion of the two main rivers that fed
the sea has resulted in a drop in surface elevation of more
than 20 m (66 ft) and loss of about 28,000 km2 (10,800 mi2) of
surface area (Figure 1.D). Towns that were once fishing cen-
ters on the shore are today about 30 km (19 mi) inland. Loss
of the sea’s moderating effect on weather is changing the
regional climate; the winters are now colder, and the sum-

mers warmer. Windstorms pick up salty dust and spread it
over a vast area, damaging the land and polluting the air.

The lesson to be learned from the Aral Sea is how quickly
environmental damage can bring about regional change. En-
vironmentalists, including geologists, worry that what people
have done to the Aral region is symptomatic of what we are
doing on many fronts on a global scale.13 Today an ambitious
restoration project is underway to save the northern, smaller
part of the lake. A low dam has been constructed across the
lake just south of where the Syr Darya flows into the lake (see
Figure 1.D). With water conservation of the river water, more
water is flowing in the lake and the dam keeps the water in
the northern part of the lake bed. Water levels there are rising
and some fishing has returned. This is a promising sign, but
much more needs to be done.
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20 Chapter 1 Philosophy and Fundamental Concepts

Input-Output Analysis
Input-output analysis is an important method for analyzing change in open sys-
tems. Figure 1.9 identifies three types of change in a pool or stock of materials; in
each case the net change depends on the relative rates of the input and output.
Where the input into the system is equal to the output (Figure 1.9a), a rough
steady state is established and no net change occurs. The example shown is a uni-
versity in which students enter as freshmen and graduate four years later at a con-
stant rate. Thus, the pool of university students remains a constant size. At the
global scale, our planet is a roughly steady-state system with respect to energy:

=(a)

less than

greater than

Input

Input

Input

Output

Output

Output

(b)

(c)

No change
in size of
pool or stock

Pool or
stock is
reduced

Pool or
stock
grows

Example
Managed system
such as university
with constant
enrollment

Use of
fossil fuels

Pollution of
a lake with
heavy metals

Figure 1.9 Change in systems
Major ways in which a pool or stock of
some material may change. (Modified

after Ehrlich, P. R., Ehrlich, A. H., and 

Holdren, J. P. 1977. Ecoscience: Population,
resources, environment, 3rd ed. San 

Francisco: W. H. Freeman)

K A Z A K H S T A N

U Z B E K I S T A N

TURKMENISTAN

Muynak

1997 Shoreline
1960 Shoreline

Samarkand

Bukhara

Aralsk
0

75 150 Kilometers0

75 150 Miles

(a)

(b)

Am
u

D
arya

Syr Darya

Aral
Sea

Figure 1.D Dying sea (a) The Aral Sea is a dying sea, surrounded by thousands of square kilometers
of salt flats. (Courtesy of Philip P. Micklin) (b) Water diversion for agriculture has nearly eliminated the sea.
The two ships shown here are stranded high and dry along the shoreline, which contains extensive salt
flats formed as the Aral Sea has evaporated. (David Turnley/CORBIS)
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Reservoir 100,000,000 m 3 of water

T = average residence time
S = size of stock
F = rate of transfer

T = S/F

Input from stream 1 m3/sec

Dam

Output from dam 1m3/sec

T = 100,000,000 m3

1 m3/sec

(Note m3 cancel out)

T = 100,000,000 sec

      = 3.2 years

Figure 1.10 Average residence
time Calculation of the average 
residence time for a cubic meter 
of water in a reservoir where 
input � output m3 per second and
the size of the reservoir is constant at
100,000,000 m3 of water.

=  1

Incoming solar radiation is roughly balanced by outgoing radiation from Earth.
In the second type of change, the input into the system is less than the output
(Figure 1.9b). Examples include the use of resources such as fossil fuels or ground-
water and the harvest of certain plants or animals. If the input is much less than
the output, then the fuel or water source may be completely used up, or the plants
or animals may become extinct. In a system in which input exceeds output
(Figure 1.9c), the stock of whatever is being measured will increase. Examples
include the buildup of heavy metals in lakes from industrial pollution or the
pollution of soil and water.

How Can We Evaluate Change? By evaluating rates of change or the input and
output of a system, we can derive an average residence time for a particular ma-
terial, such as a resource. The average residence time is a measure of the time it
takes for the total stock or supply of the material to be cycled through a system. To
compute the average residence time (T; assuming constant size of the system and
constant rate of transfer), we take the total size of the stock (S) and divide it by the
average rate of transfer (F) through the system:

For example, if a reservoir holds 100 million cubic meters of water, and both the
average input from streams entering the reservoir and the average output over
the spillway are 1 cubic meter per second, then the average residence time for a
cubic meter of water in the reservoir is 100 million seconds, or about 3.2 years
(Figure 1.10). We can also calculate average residence time for systems that vary in
size and rates of transfer, but the mathematics is more difficult. It is often possible
to compute a residence time for a particular resource and then to apply the infor-
mation to help understand and solve environmental problems. For example, the
average residence time of water in rivers is about 2 weeks compared with thou-
sands of years for some groundwater. Thus, strategies to treat a one-time pollution
event of oil spilled in a river will be much different from those for removing oil
floating on groundwater that resulted from a rupture of an underground pipeline.
The oil in the river is a relatively accessible, straightforward, short-term problem,

T = S/F
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22 Chapter 1 Philosophy and Fundamental Concepts

whereas polluted groundwater is a more difficult problem because it moves
slowly and has a long average residence time. Because it may take from several to
hundreds of years for pollution of groundwater to be naturally removed, ground-
water pollution is difficult to treat.

Predicting Changes in the Earth System
The idea that “the present is the key to the past,” called uniformitarianism, was
popularized by James Hutton, referred to by some scholars as the father of geol-
ogy, in 1785 and is heralded today as a fundamental concept of Earth sciences. As
the name suggests, uniformitarianism holds that processes we observe today also
operated in the past (flow of water in rivers, formation and movement of glaciers,
landslides, waves on beaches, uplift of the land from earthquakes, and so on). Uni-
formitarianism does not demand or even suggest that the magnitude (amount of
energy expended) and frequency (how often a particular process occurs) of nat-
ural processes remain constant with time. We can infer that, for as long as Earth
has had an atmosphere, oceans, and continents similar to those of today, the pre-
sent processes were operating.

Present Human Activity Is Part of the Key to Understanding the Future. In
making inferences about geologic events, we must consider the effects of human
activity on the Earth system and what effect these changes to the system as a
whole may have on natural Earth processes. For example, rivers flood regardless
of human activities, but human activities, such as paving the ground in cities, in-
crease runoff and the magnitude and frequency of flooding. That is, after the
paving, floods of a particular size are more frequent, and a particular rainstorm
can produce a larger flood than before the paving. Therefore, to predict the long-
range effects of flooding, we must be able to determine how future human activi-
ties will change the size and frequency of floods. In this case, the present is the key
to the future. For example, when environmental geologists examine recent land-
slide deposits (Figure 1.11) in an area designated to become a housing develop-
ment, they must use uniformitarianism to infer where there will be future
landslides as well as to predict what effects urbanization will have on the magni-
tude and frequency of future landslides. We will now consider linkages between
processes.

Figure 1.11 Urban develop-
ment The presence of a landslide on
this slope suggests that the slope is
not stable and further movement may
occur in the future. This is a “red flag”
for future development in the area.
(Edward A. Keller)
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Environmental Unity
The principle of environmental unity, which states that one action causes others
in a chain of actions, is an important principle in the prediction of changes in the
Earth system. For example, if we constructed a dam on a river, a number of
changes would occur. Sediment that moved down the river to the ocean before
construction of the dam would be trapped in the reservoir. Consequently, beaches
would be deprived of the sediment from the river, and the result of that depriva-
tion may be increased coastal erosion. There being less sediment on the beach may
also affect coastal animals such as sand crabs and clams that use the sand. Thus,
building the dam would set off a chain or series of effects that would change the
coastal environment and what lived there. The dam would also change the hy-
drology of the river and would block fish from migrating upstream. We will now
consider global linkages.11

Earth Systems Science
Earth systems science is the study of the entire planet as a system in terms of its
components (see A Closer Look: The Gaia Hypothesis). It asks how component

Figure 1.E Home Image of Earth centering on the North
Atlantic Ocean, North America, and the polar ice sheets. Given
this perspective of our planet, it is not difficult to conceive it as
a single large system. (Earth Imaging/Getty Images Inc.)

A CLOSER LOOK The Gaia Hypothesis

Is Earth Analogous to an Organism? In 1785 at a meeting
of the prestigious Royal Society of Edinburgh, James Hutton,
the father of geology, said he believed that planet Earth is a
superorganism (Figure 1.E). He compared the circulation of
Earth’s water, with its contained sediments and nutrients, to
the circulation of blood in an animal. In Hutton’s metaphor,
the oceans are the heart of Earth’s global system, and the
forests are the lungs.15 Two hundred years later, British scien-
tist and professor James Lovelock introduced the Gaia hy-
pothesis, reviving the idea of a living Earth. The hypothesis
is named for Gaia, the Greek goddess Mother Earth.

The Gaia hypothesis is best stated as a series of hypotheses:

� Life significantly affects the planetary environment.
Very few scientists would disagree with this concept.

� Life affects the environment for the betterment of life.
This hypothesis is supported by some studies showing
that life on Earth plays an important role in regulating
planetary climate so that it is neither too hot nor too cold
for life to survive. For example, it is believed that single-
cell plants floating near the surface of the ocean partially

control the carbon dioxide content of the atmosphere and
thereby global climate.15

� Life deliberately or consciously controls the global envi-
ronment. There are very few scientists who accept this
third hypothesis. Interactions and the linking of processes
that operate in the atmosphere, on the surface of Earth,
and in the oceans are probably sufficient to explain most
of the mechanisms by which life affects the environment.
In contrast, humans are beginning to make decisions con-
cerning the global environment, so the idea that humans
can consciously influence the future of Earth is not an ex-
treme view. Some people have interpreted this idea as
support for the broader Gaia hypothesis.

Gaia Thinking Fosters Interdisciplinary Thinking. The real
value of the Gaia hypothesis is that it has stimulated a lot of
interdisciplinary research to understand how our planet
works. As interpreted by most scientists, the hypothesis does
not suggest foresight or planning on the part of life but rather
that natural processes are operating.
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systems (subsystems of the Earth system) such as the atmosphere (air), hydro-
sphere (water), biosphere (life), and lithosphere (rocks) are linked and have
formed, evolved, and been maintained; how these components function; and how
they will continue to evolve over periods ranging from a decade to a century and
longer.14 Because these systems are linked, it is also important to understand and
be able to predict the impacts of a change in one component on the others. The
challenge is to learn to predict changes likely to be important to society and then
to develop management strategies to minimize adverse environmental impacts.
For example, the study of atmospheric chemistry suggests that our atmosphere
has changed over millenia. Trace gases such as carbon dioxide have increased by
about 100 percent since 1850. Chlorofluorocarbons (CFCs), used as refrigerants
and aerosol-can propellants, released at the surface have migrated to the strato-
sphere, where they react with energy from the Sun, causing destruction of the
ozone layer that protects Earth from harmful ultraviolet radiation. The important
topics of global change and Earth systems science will be discussed in Chapter 19,
following topics such as Earth materials, natural hazards, and energy resources.

Concept Four: Hazardous Earth Processes
There have always been Earth processes that are hazardous 
to people. These natural hazards must be recognized and 
avoided when possible, and their threat to human life 
and property must be minimized.

We humans, like all animals, have to contend with natural processes such as
storms, floods, earthquakes, landslides, and volcanic eruptions that periodically
damage property and kill us. During the past 20 years, natural hazards on Earth
have killed several million people. The annual loss was about 150,000 people, and
financial damages were about $20 billion.

Natural Hazards That Produce Disasters Are Becoming Superdisasters Called
Catastrophes. Early in human history, our struggle with natural Earth processes
was mostly a day-to-day experience. Our numbers were neither great nor concen-
trated, so losses from hazardous Earth processes were not significant. As people
learned to produce and maintain a larger and, in most years, more abundant food
supply, the population increased and became more concentrated locally. The con-
centration of population and resources also increased the impact that periodic
earthquakes, floods, and other natural disasters had on humans. This trend has
continued, so that many people today live in areas likely to be damaged by haz-
ardous Earth processes or susceptible to the adverse impact of such processes in
adjacent areas. An emerging principle concerning natural hazards is that as a re-
sult of human activity (population increase and changing the land through agri-
culture, logging, mining, and urbanization) what were formerly disasters are
becoming catastrophes. For example,

� Human population increase has forced more people to live in hazardous
areas such as floodplains, steep slopes (where landslides are more likely),
and near volcanoes.

� Land-use transformations including urbanization and deforestation increase
runoff and flood hazard and may weaken slopes, making landslides more
likely.

� Burning vast amounts of oil, gas, and coal has increased the concentration of
carbon dioxide in the atmosphere, contributing to warming the atmosphere
and oceans. As a result, more energy is fed into hurricanes. The number of
hurricanes has not increased, but the intensity and size of the storms have
increased.
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We can recognize many natural processes and predict their effects by consid-
ering climatic, biological, and geologic conditions. After Earth scientists have
identified potentially hazardous processes, they have the obligation to make the
information available to planners and decision makers, who can then consider
ways of avoiding or minimizing the threat to human life or property. Put con-
cisely, this process consists of assessing the risk of a certain hazard in a given area
and basing planning decisions on that risk assessment. Public perception of haz-
ards also plays a role in the determination of risk from a hazard. For example,
although they probably understand that the earthquake hazard in southern
California is real, the residents who have never experienced an earthquake
first hand may have less appreciation for the seriousness of the risk of loss of
property and life than do persons who have experienced an earthquake.

Concept Five: Scientific Knowledge and Values
The results of scientific inquiry to solve a particular environmental 
problem often provide a series of potential solutions consistent 
with the scientific findings. The chosen solution is a reflection 
of our value system.

What Is Science? To understand our discussion of scientific knowledge and val-
ues, let us first gain an appreciation for the conventions of scientific inquiry. Most
scientists are motivated by a basic curiosity about how things work. Geologists are
excited by the thrill of discovering something previously unknown about how the
world works. These discoveries drive them to continue their work. Given that we
know little about internal and external processes that form and maintain our
world, how do we go about studying it? The creativity and insight that may result
from scientific breakthroughs often begin with asking the right question pertinent
to some problem of interest to the investigators. If little is known about the topic
or process being studied, they will first try to conceptually understand what is
going on by making careful observations in the field or, perhaps, in a laboratory.
On the basis of his or her observations, the scientist may then develop a question
or a series of questions about those observations. Next the investigator will sug-
gest an answer or several possible answer to the question. The possible answer is
a hypothesis to be tested. The best hypotheses can be tested by designing an ex-
periment that involves data collection, organization, and analysis. After collection
and analysis of the data, the scientist interprets the data and draws a conclusion.
The conclusion is then compared with the hypothesis, and the hypothesis may be
rejected or tentatively accepted. Often, a series of questions or multiple hypothe-
ses are developed and tested. If all hypotheses suggested to answer a particular
question are rejected, then a new set of hypotheses must be developed. This
method is sometimes referred to as the scientific method. The steps of the scien-
tific method are shown in Figure 1.12. The first step of the scientific method is
the formation of a question—in this case, “Where does beach sand come from?”
In order to explore this question, the scientist spends some time at the beach. She
notices some small streams that flow into the ocean; she knows that the streams
originate in the nearby mountains. She then refines her question to ask specifical-
ly, “Does beach sand come from the mountains to the beach by way of streams?”
This question is the basis for the scientist’s hypothesis: Beach sand originates in
the mountains. To test this hypothesis, she collects some sand from the beach
and from the streams and some rock samples from the mountains. She then com-
pares their mineral content. She finds that the mineral content of all three is
roughly the same. She draws a conclusion that the beach sand does come from
the mountains, and so accepts her hypothesis. If her hypothesis had proved to be
wrong, she would have had to formulate a new hypothesis. In complex geologic

KELLMC01_0132251507.QXD  1/29/07  2:34 PM  Page 25

P R E L I M I N A R Y  P R O O F S
Unpublished Work © 2008 by Pearson Education, Inc. 

From the forthcoming book Introduction to Environmental Geology, Fourth Edition, by Edward A. Keller, ISBN 9780132251501. To be published by Pearson Prentice Hall, Pearson Education, Inc., Upper Saddle River, New Jersey. All rights
reserved. This publication is protected by Copyright and written permission should be obtained from the publisher prior to any prohibited  reproduction, storage in a retrieval system, or transmission in any form or by any means, electronic, 

mechanical, photocopying, recording, or likewise. For information regarding permission(s), write to: Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458.

P R E L I M I N A R Y  P R O O F S
Unpublished Work © 2008 by Pearson Education, Inc. 

From the forthcoming book Introduction to Environmental Geology, Fourth Edition, by Edward A. Keller, ISBN 9780132251501. To be published by Pearson Prentice Hall, Pearson Education, Inc., Upper Saddle River, New Jersey. All rights
reserved. This publication is protected by Copyright and written permission should be obtained from the publisher prior to any prohibited  reproduction, storage in a retrieval system, or transmission in any form or by any means, electronic, 

mechanical, photocopying, recording, or likewise. For information regarding permission(s), write to: Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458.



P R E L I M I N A R Y  P R O O F S
Unpublished Work © 2008 by Pearson Education, Inc. 

From the forthcoming book Introduction to Environmental Geology, Fourth Edition, by Edward A. Keller, ISBN 9780132251501. To be published by Pearson Prentice Hall, Pearson Education, Inc., Upper Saddle River, New Jersey. All rights
reserved. This publication is protected by Copyright and written permission should be obtained from the publisher prior to any prohibited  reproduction, storage in a retrieval system, or transmission in any form or by any means, electronic, 

mechanical, photocopying, recording, or likewise. For information regarding permission(s), write to: Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458.

26 Chapter 1 Philosophy and Fundamental Concepts

Question: “Where does beach
sand come from?“

Examine beach environment; see
that rivers flow from mountains to
the beach.

Field/lab work

The sand comes from the
mountains.

Pose answer

“Does sand on the beach
 come from the mountains
 by way of streams?“

Refine question

Examine mineral content of sand
from the streams and beach
and rocks from the mountains.

Test hypothesis

No, the sand does not
come from the mountains;
reject hypothesis.

Yes, beach sand does come
from the mountains.

Conclusion

Hypothesis

N
ew

 h
yp

ot
he

si
s 

ne
ed

ed

Accept hypothesis

Theory

More testing

The Scientific Method
Figure 1.12 Science The steps
in the scientific method.

problems, multiple hypotheses may be formulated and each tested. This is the
method of multiple working hypotheses. If a hypothesis withstands the testing of
a sufficient number of experiments, it may be accepted as a theory. A theory is a
strong scientific statement that the hypothesis supporting the theory is likely to be
true but has not been proved conclusively. New evidence often disproves existing
hypotheses or scientific theory; absolute proof of scientific theory is not possible.
Thus, much of the work of science is to develop and test hypotheses, striving to
reject current hypotheses and to develop better ones.
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Laboratory studies and fieldwork are commonly used in partnership to test
hypotheses, and geologists often begin their observations in the field or in the lab-
oratory by taking careful notes. For example, a geologist in the field may create a
geologic map, carefully noting and describing the distribution of different Earth
materials. The map can be completed in the laboratory, where the collected mater-
ial can be analyzed.

The important variable that distinguishes geology from most of the other
sciences is the consideration of time (see the Geologic Time Scale, Table 1.1).
Geologists’ interest in Earth history over time periods that are nearly incompre-
hensible to most people naturally leads to some interesting questions:

� How fast are mountains uplifted and formed?
� How fast do processes of erosion reduce the average elevation of the land?
� How fast do rivers erode canyons to produce scenic valleys such as Yosemite

Valley and the Grand Canyon (Figure 1.13)?
� How fast do floodwaters, glaciers, and lava flows move?

As shown in Table 1.3, rates of geologic processes vary from a fraction of a mil-
limeter per year to several kilometers per second. The fastest rates are more than a
trillion times the slowest. The most rapid rates, a few kilometers per second, are
for events with durations of a few seconds. For example, uplift of 1 m (3.3 ft.)
during an earthquake may seem like a lot, but when averaged over 1,000 years
(the time between earthquakes), it is a long-term rate of 1 mm per year (0.039 in.
per year), a typical uplift rate in forming mountains. Of particular importance to
environmental geology is that human activities may accelerate the rates of some
processes. For example, timber harvesting and urban construction remove vegeta-
tion, exposing soils and increasing the rate of erosion. Conversely, the practice of
sound soil conservation may reduce rates.

TABLE 1.3 Some Typical Rates of Geologic Processes

� Uplift that produces mountains. Generally 0.5 to 2 mm per year (about 0.02 to 0.08 in. per
year). Can be as great as 10 mm per year (about 0.39 in. per year). It takes (with no erosion)
1.5 million to 6 million years to produce mountains with elevations of 3 km (around 1.9 mi).

� Erosion of the land. Generally 0.01 to 1 mm per year (about 0.004 to 0.039 in. per year). It
takes (with no uplift) 3 million to 300 million years to erode a landscape by 3 km (about
1.9 mi). Erosion rate may be significantly increased by human activity such as timber
harvesting or agricultural activities that increase the amount of water that runs off the land,
causing erosion. Rates of uplift generally exceed rates of erosion, explaining why land above
sea level persists.

� Incision of rivers into bedrock, producing canyons such as the Grand Canyon in Arizona.
Incision is different from erosion, which is the material removed over a region. Rates are
generally 0.005 to 10 mm per year (about 0.0002 to 0.39 in. per year). Therefore, to produce
a canyon 3 km (around 1.9 mi) deep would take 300 thousand to 600 million years. The
rate of incision may be increased several times by human activities such as building dams
because increased downcutting of the river channel occurs directly below a dam.

� Movement of soil and rock downslope by creeping in response to the pull of gravity. Rate is
generally 0.5 to 1.2 mm per year (about 0.02 to 0.05 in. per year).

� Coastal erosion by waves. Generally 0.25 to 1.0 m per year (0.82 to 3.28 ft per year). Thus, to
provide 100 years’ protection from erosion, a structure should be built about 25 to 100 m
(about 82 to 328 ft) back from the cliff edge.

� Glacier movement. Generally a few meters per year to a few meters per day.
� Lava flows. Depends on type of lava and slope. From a few meters per day to several meters

per second.

� River flow in floods. Generally a few meters per second.

� Debris avalanche, or flow of saturated earth, soil, and rocks downslope. Can be greater than
100 km (62 mi) per hour.

� Earthquake rupture. Several kilometers per second.
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(a) Incision at about 250,000 yrs

(b) Incision at 1,000,000 yrs

1 km

1.0 km

Hard resistant rock (sandstone)

Soft nonresistant rock (shale)

0

Figure 1.13 Eroding a valley
Idealized diagram of progressive
incision of a river into a sequence of
horizontal rocks. The side slope is
steep where rocks are hard and resis-
tant to incision, and the rate of inci-
sion is generally less than about
0.01 mm per year (about 0.0004 in.
per year). For softer rocks, where the
side slope is gentle, the rate of incision
may exceed 1 mm per year (0.039 in.
per year). If the canyon incised about
1 km (0.62 mi) in 1 million years, the
average rate is 1 mm per year (0.039 in.
per year). (Modified after King, P. B., and

Schumm, S. A., 1980. The physical 
geography of William Morris Davis.

Norwich, England: Geo Books)
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Humans evolved during the Pleistocene epoch (the last 1.65 million years),
which is a very small percentage of the age of Earth. To help you conceptualize the
geologic time scale, Figure 1.14 illustrates all of geologic time as analogous to
yards on a football field. Think back to your high school days, when your star
kick-off return player took it deep into your end zone. Assume that the 100 yard
field represents the age of Earth (4.6 billion years), making each yard equal to
45 million years. As your star zigs and zags and reaches the 50 yard line, the
crowd cheers. But in Earth history he has traveled only 2,250 million years and is
still in a primitive oxygen-deficient environment. At the opponent’s 45 yard line,
free oxygen in the atmosphere begins to support life. As our runner crosses the
12 yard line, the Precambrian period comes to an end and life becomes much more
diversified. At less than half a yard from the goal line, our star runner reaches the
beginning of the Pleistocene, the most recent 1.65 million years of Earth history,
when humans evolved. As he leaps over the 1 inch line and in for the touchdown,
the corresponding period in Earth history is 100,000 years ago, and modern
humans were living in Europe. Another way to visualize geologic time is to imag-
ine that one calendar year is equal to the age of Earth, 4.6 billion years. In this case,
Earth formed on January 1; the first oxygen in the atmosphere did not occur until
July; and mammals did not make their appearance until December 18. The first
human being arrived on the scene on December 31 at 6 P.M.; and recorded history
began only 48 seconds before midnight on December 31!

In answering environmental geology questions, we are often interested in the
latest Pleistocene (the last 18,000 years), but we are most interested in the last
few thousand or few hundred years of the Holocene epoch, which started
approximately 10,000 years ago (see Appendix D, How Geologists Determine
Time). Thus, in geologic study, geologists often design hypotheses to answer
questions integrated through time. For example, we may wish to test the
hypothesis that burning fossil fuels such as coal and oil, which we know releases
carbon dioxide into the atmosphere, is causing global warming by trapping heat
in the lower atmosphere. We term this phenomenon the greenhouse effect,
which is discussed in detail in Chapter 19. One way to test this hypothesis
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time as represented by a football field.
See the text for further explanation.
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would be to show that before the Industrial Revolution, when we started burn-
ing a lot of coal and, later, oil to power the new machinery of the time period, the
mean global temperature was significantly lower than it is now. We would be
particularly interested in the last few hundred to few thousand years before tem-
perature measurements were recorded at various spots around the planet as
they are today. To test the hypothesis that global warming is occurring, the in-
vestigator could examine prehistoric Earth materials that might provide indica-
tors of global temperature. This examination might involve studying glacial ice
or sediments from the bottoms of the oceans or lakes to estimate past levels of
carbon dioxide in the atmosphere. Properly completed, studies can provide con-
clusions that enable us to accept or reject the hypothesis that global warming is
occurring.

Our discussion about what science is emphasizes that science is a process. As
such it is a way of knowing that constitutes a current set of beliefs based on the ap-
plication of the scientific method. Science is not the only way a set of beliefs are
established. Some beliefs are based on faith, but these, while valid, shouldn’t be
confused with science. The famous Roman philosopher Cicero once concluded
that divine providence, or as we call it now, intelligent design, was responsible for
the organization of nature and harmony that maintained the environment for all
people. As modern science emerged with the process of science, other explana-
tions emerged. This has included explanations for biological evolution by biolo-
gists, the understanding of space and time by physicists, and the explanation that
continents and ocean basins form through plate tectonics by geologists.

Culture and Environmental Awareness
Environmental awareness involves the entire way of life that we have transmitted
from one generation to another. To uncover the roots of our present condition, we
must look to the past to see how our culture and our political, economic, ethical,
religious, and aesthetic institutions affect the way we perceive and respond to our
physical environment.

An ethical approach to maintaining the environment is the most recent devel-
opment in the long history of human ethical evolution. A change in the concept of
property rights has provided a fundamental transformation in our ethical evolu-
tion. In earlier times, human beings were often held as property, and their masters
had the unquestioned right to dispose of them as they pleased. Slaveholding
societies certainly had codes of ethics, but these codes did not include the idea
that people cannot be property. Similarly, until very recently, few people in the
industrialized world questioned the right of landowners to dispose of land as
they please. Only within this century has the relationship between civilization
and its physical environment begun to emerge as a relationship involving ethical
considerations.

Environmental (including ecological and land) ethics involves limitations on
social as well as individual freedom of action in the struggle for existence in our
stressed environment. A land ethic assumes that we are responsible not only to
other individuals and society, but also to the total environment, the larger com-
munity consisting of plants, animals, soil, rocks, atmosphere, and water. Accord-
ing to this ethic, we are the land’s citizens and protectors, not its conquerors. This
role change requires us to revere, love, and protect our land rather than allow eco-
nomics to determine land use.16 The creation of national parks and forests is an
example of protective action based on a land ethic. Yellowstone National Park,
in Wyoming and Montana, was the first national park in the United States,
established in March 1872. Yellowstone led to the creation of other national parks,
monuments, and forests, preserving some of the country’s most valued aesthetic
resources. Trees, plants, animals, and rocks are protected within the bounds of a
national park or forest. In addition, rivers flow free and clean, lakes are not over-
fished or polluted, and mineral resources are protected. Last, the ethic that led to
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the protection of such lands allows us the privilege of enjoying these natural areas
and ensures that future generations will have the same opportunity. We will now
change focus to discuss why solving environmental problems tends to be difficult
and introduce the emerging environmental policy tool known as the precaution-
ary principle.

Why Is Solving Environmental Problems So Difficult?
Many environmental problems tend to be complex and multifaceted. They may
involve issues related to physical, biological, and human processes. Some of the
problems are highly charged from an emotional standpoint and potential solu-
tions are often vigorously debated.

There are three main reasons that solving environmental problems may be 
difficult:

� Expediential growth is often encountered. Expediential growth means that
the population of change may be happening quickly whether we are talking
about an increase or decrease.

� There are often lag times between when a change occurs and when it is rec-
ognized as a problem. If the lag time is long, it may be very difficult to even
recognize a particular problem.

� An environmental problem involves the possibility of irreversible change. If
a species becomes extinct, it is gone forever.

Environmental policy links to environmental economics are in their infancy. That
is, the policy framework to solve environmental problems is a relatively new
arena. We are developing policies such as the precautionary principle and finding
ways to evaluate the economics of gains and losses from environmental change.
For example, how do you put a dollar amount on aesthetics or living in a quality
environment? What the analysis often comes down to is an exercise in values clar-
ification. Science can provide a number of potential solutions to problems but
which solution we pick will depend upon our values.

Precautionary Principle
What Is the Precautionary Principle? Science has the role of trying to understand
physical and biological processes associated with environmental problems such as
global warming, exposure to toxic materials, and depletion of resources, among
others. However, all science is preliminary and it is difficult to prove relationships
between physical and biological processes and link them to human processes.
Partly for this reason, in 1992, the Rio Earth Summit on sustainable development
supported the precautionary principle. The idea behind the principle is that when
there exists a potentially serious environmental problem, scientific certainty is not
required to take a precautionary approach. That is, better safe than sorry. The pre-
cautionary principle thus contributes to the critical thinking on a variety of envi-
ronmental concerns, for example, manufacture and use of toxic chemicals or
burning huge amounts of coal as oil becomes scarcer. It is considered one of the
most influential ideas for obtaining an intellectual, environmentally just policy
framework for environmental problems.17

The precautionary principle recognizes that scientific proof is not possible in
most instances, and management practices are needed to reduce or eliminate
environmental problems believed to result from human activities. In other words,
in spite of the fact that full scientific certainty is not available, we should still take
cost-effective action to solve environmental problems.

The Precautionary Principle May Be Difficult to Apply. One of the difficulties
in applying the precautionary principle is the decision concerning how much
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scientific evidence is needed before action on a particular problem should be
taken. This is a significant and often controversial question. An issue being con-
sidered has to have some preliminary data and conclusions but awaits more
scientific data and analysis. For example, when considering environmental
health issues related to burning coal, there may be an abundance of scientific
data about air, water, and land pollution, but with gaps, inconsistencies, and
other scientific uncertainties. Those in favor of continuing or increasing the use
of coal may argue that there is not sufficient proof to warrant restricting its use.
Others would argue that absolute proof of safety is necessary before a big
increase in burning of coal is allowed. The precautionary principle, applied to
this case, would be that lack of full scientific certainty concerning the use of coal
should not be used as a reason for not taking, or postponing, cost-effective mea-
sures to reduce or prevent environmental degradation or heath problems. This
raises the question of what constitutes a cost-effective measure. Determination
of benefits and costs of burning more coal compared to burning less or treating
coal more to clean up the fuel should be done, but other economic analysis may
also be appropriate.17,18

There will be arguments over what is sufficient scientific knowledge for
decision making. The precautionary principle may be difficult to apply, but it is
becoming a common part of the process of environmental analysis and policy
when applied to environmental protection and environmental health issues.
The European Union has been applying the principle for over a decade, and the
City and County of San Francisco in 2003 became the first government in the
United States to make the precautionary principle the basis for its environmental
policy.

Applying the precautionary principle requires us to use the principle of environ-
mental unity and predict potential consequences of activities before they occur.
Therefore, the precautionary principle has the potential to become a proactive,
rather than reactive, tool in reducing or eliminating environmental degradation re-
sulting from human activity. The principle moves the burden of proof of no harm
from the public to those proposing a particular action. Those who develop new
chemicals or actions are often, but not always, against the precautionary principle.
The opponents often argue that applying the principle is too expensive and will
stall progress. It seems unlikely that the principle will be soon applied across the
board in the United States to potential environmental problems. Nevertheless, it
will likely be invoked more often in the future. When the precautionary principle is
applied, it must be an honest debate between all informed and potentially affected
parties. The entire range of alternative actions should be considered, including
taking no action.

Science and Values
We Are Creatures of the Pleistocene. There is no arguing that we are a very suc-
cessful species that until recently has lived in harmony with both our planet and
other forms of life for over 100 thousand years. We think of ourselves as modern
people, and certainly our grasp of science and technology has grown tremen-
dously in the past several hundred years. However, we cannot forget that our ge-
netic roots are in the Pleistocene. In reality our deepest beliefs and values are
probably not far distant from those of our ancestors who sustained themselves in
small communities, moving from location to location and hunting and gathering
what they needed. At first thought this statement seems inconceivable and not
possible to substantiate considering the differences between our current way of
life and that of our Pleistocene ancestors. It has been argued that studying our
Pleistocene ancestors, with whom we share nearly identical genetic information,
may help us understand ourselves better.19 That is, much of our human nature
and in fact our very humanity may be found in the lives of the early hunters and
gatherers, explaining some of our current attitudes toward the natural world. We
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are more comfortable with natural sounds and smells like the movement of grass
where game is moving or the smell of ripe fruit than the shril noise of horns
and jackhammers and smell of air pollution in the city. Many of us enjoy sitting
around a campfire roasting marshmallows and telling stories about bears and
rattlesnakes. We may find a campfire comforting even if smoke stings our eyes
because our Pleistocene ancestors knew fire protected them from predators such
as bears, wolves, and lions. If you want to liven up a campfire talk, start telling
grizzly bear stories!

Solutions we choose to solve environmental problems depend upon how we
value people and the environment. For example, if we believe that human popu-
lation growth is a problem, then conscious decisions to reduce human population
growth reflects a value decision that we as a society choose to endorse and imple-
ment. As another example, consider flooding of small urban streams. Flooding is
a hazard experienced by many communities. Study of rivers and their natural
processes leads to a number of potential solutions for a given flood hazard. We
may choose to place the stream in a concrete box—a remedy that can significantly
reduce the flood hazard. Alternatively, we may choose to restore our urban
streams and their floodplains, the flat land adjacent to the river that periodically
floods, as greenbelts. This choice will reduce damage from flooding while provid-
ing habitat for a variety of animals including raccoons, foxes, beavers, and
muskrats that use the stream environment; resident and migratory birds that nest,
feed, and rest close to a river; and a variety of fish that live in the river system. We
will also be more comfortable when interacting with the river. That is why river
parks are so popular.

The coastal environment, where the coastline and associated erosional processes
come into conflict with development, provides another example for science and
values. Solutions to coastal erosion may involve defending the coast, along with
its urban development, at all cost by constructing “hard structures” such as sea-
walls. Science tells us that consequences from the hard solution generally include
reduction or elimination of the beach environment in favor of protecting develop-
ment. Science also tells us that using appropriate setbacks from the erosion zone of
coastal processes provides a buffer zone from the erosion, while maintaining a
higher quality coastal environment that includes features such as beaches and ad-
jacent seacliffs or dune lines. The solution we pick depends upon how we value
the coastal zone. If we value the development more than the beach, then we may
choose to protect development at all cost. If we value the beach environment, we
may choose more flexible options that allow for erosion to take place naturally
within a buffer zone between the coast and development.

By the year 2050, the human population on our planet will likely increase to
about 9 billion people, about 3 billion more than today. Thus, it appears that during
the next 50 years crucial decisions must be made concerning how we will deal with
the increased population associated with increased demands on resources includ-
ing land, water, minerals, and air. The choices we make will inevitably reflect
our values.

SUMMARY

The immediate causes of the environmental crisis are over-
population, urbanization, and industrialization, which have
occurred with too little ethical regard for our land and inade-
quate institutions to cope with environmental stress. Solving
environmental problems involves both scientific understand-
ing and the fostering of social, economic, and ethical behav-
ior that allows solutions to be implemented. Beyond this,
complex environmental problems can be difficult to solve

due to the possibility of exponential growth, lag times be-
tween cause and effect, and irreversible consequences. A new
emerging policy tool is the precautionary principle. The idea
behind the principle is that when a potentially serious envi-
ronmental problem exists, scientific certainty is not required
to take a precautionary approach and find a cost-efficient
solution. Some environmental problems are sufficiently
serious that it is better to be safe than sorry.
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Review Questions

1. What is environmental geology?

2. Define the components of the sci-
entific method.

3. What are the roots of the so-called
environmental crisis?

4. Why are we so concerned about
the increase in human population?

5. What is sustainability?

6. Define the principle of environ-
mental unity, and provide a good
example.

7. What is exponential growth?

8. What is Earth systems science,
and why is it important?

9. What do we mean by average resi-
dence time?

10. How can the principle of unifor-
mitarianism be applied to envi-
ronmental geology?

11. What is the Gaia hypothesis?

12. What is the precautionary princi-
ple and why is it important?

13. Why is solving complex environ-
mental problems often difficult?

Five fundamental concepts establish a philosophical frame-
work for our investigation of environmental geology:

1. The increasing world population is the number one
environmental problem.

2. Sustainability is the preferred solution to many envi-
ronmental problems.

3. An understanding of the Earth system and rates of change
in systems is critical to solving environmental problems.

4. Earth processes that are hazardous to people have
always existed. These natural hazards must be recog-
nized and avoided when possible, and their threat to
human life and property minimized.

5. Results of scientific inquiry to solve a particular envi-
ronmental problem often result in a series of potential
solutions consistent with the scientific findings. Which
solution we choose reflects our value system.
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Critical Thinking Questions

1. Assuming that there is an environ-
mental crisis today, what possible
solutions are available to alleviate
the crisis? How will solutions in
developing countries differ from
those in highly industrialized soci-
eties? Will religion or political sys-
tems have a bearing on potential
solutions? If so, how will they af-
fect the solutions?

2. It has been argued that we must
control human population be-
cause otherwise we will not be
able to feed everyone. Assuming
that we could feed 10 billion to 
15 billion people on Earth, would
we still want to have a smaller
population than that? Why?

3. We state that sustainability is the
environmental objective. Con-
struct an argument to support this
statement. Are the ideas of 
sustainability and building a 

sustainable economy different in 
developing, poor countries than in
countries that are affluent and
have a high standard of living?
How are they different, and why?

4. The concept of environmental
unity is an important one 
today. Consider some major 
development being planned 
for your region and outline how
the principle of environmental
unity could help in determining
the project’s potential environ-
mental impact. In other words, 
consider a development and 
then a series of consequences 
resulting from it. Some of the 
impacts may be positive and 
some may be negative in your 
estimation.

5. Do you believe we have a real
connection to our Pleistocene 
ancestors? Could such a connec-

tion explain our childlike 
love of baby animals or the 
storytelling around a camp fire? 
Is the human race’s long history 
of hunting and gathering, 
during which our genetic 
evolution occurred, reflected in
our values?

6. Is the Gaia hypothesis science?
How could you test the main
parts? Which would be hard to
test? Why?

7. Defend or criticize the notion 
that increase in human population
is the environmental problem 
and that sustainability is the 
solution.

8. Do you think the precautionary
principle should be applied to the
problem of controlling the growth
of the human population? If you
do, how could it be applied?
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