the rest of the textbook will build. As you read through
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,
inexpensive 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. There-
fore, as population 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).
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FiGURE .2 Fomine Korem Camp, Ethiopia, in 1984. Hungry people
are forced to flee their homes as a result of palitical and military activily
and gather in camps such as these. Surrounding lands may be devas-
tated by overgrazing from stock animals, gothering of firewood, and just
too many pecple in o confined area. The result may be fomine. [David
Burnett/Contact Press fmages, Inc.}

Exponential Growth

‘Whai Is #h2 Yonulaiion Bomis? Overpopulation has beena

problem in some areas of the world for at least several hun-
dred 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 bad nearly doubled again, and, by
the year 2000, there were about 6 billion people on Earth.
The problem is sometimes called the population bomb,
because the exponential growth of the human popalation
results in the explosive increase in the mumber of people
(Figure 1.3). Exponential growth of humans means that the

Growth of world population to the year 2000

Lat
America Europe Afr‘lca
North and Y
Amenica \Ocecnia  \
~ \ VUSSP India China Other Asta

| FIGURE 1.3 The population bomb The population in 2006
is 6.6 billion and growing. {Modified ofter U.S. Department of
State}
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FIGURE 1.4 Exponential growth (o] Example of a student’s
pay, keginning 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 fol-
lowed by a rapid increase. The actual shape of the curve
depends on the scale at which the data are plotted. It often looks
fike the tip of a skateboard. (Population date from U.5. Depart
ment of State}
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(b} World population
—— Estimated from historical informatinn

I —_ 1 1 I { 1
AD 1 250 50G 730 1000 1250 1500 1750 2000

510 15 20 25 3
Days of month .

J

™

"4” 7
Mo |

!:: e
F <] )
1% |1°2
15 o 5
fa} Student poy (see text for explanation) 14 8 -8
= {14 2
{3 = 3
412 g
| 11 {3 £
4—1—— -E_
g
)
5
4

f—

-~

Yeai

number of people added to the population each year is not
constant; rather, a constant percentage of the current popula-
tion is added each year, As an analogy, consider a high-yield
savings account that pays 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 per-
cent 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:

u The growth rate, measured as a percentage

u The doubling time, or the time it takes for whatever is
growing to double

Figure 14 illustrates two examples of exponential growth.
In each case, the object being considered (student pay or
world population) grows quite slowly at first, 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 Dees Populaiion Doubla? A general rule is
that doubling time (D) is roughly equal to 70 divided by the
growth rate (G):

D =70/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 (sce Puting Some Numbers On: Exponential
Grewth).

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 1.44), 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 second 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 & wage of more than $1 per day, and, by
the eleventh day, his earnings would be more than $10 per
day. Payment for the 16th day of the month would be more
than $300, and, on the last day of the 31-day month, the stu-
dent’s earnings for that one day would be more than $10 mil-
lion! This is an extreme case because the constant 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—1.2 percent per year today—
but even this slower exponential growth eventually 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 Hisiory of Populaiion Srowith? The story
of human population increase is put in historic perspective in
‘Table 1.2. When we were hunter-gatheters, our numbers
were very small, and growth rates were very low. With agri-
culture, growth rates in human population increased by sev-
eral 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 Revo-
Jution, 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)
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Exponential Growth

Exponential growth is a powerful process related to
positive feedback, where the quantity of what is being
evaluated {for example, human population increase, con-
sumption of resources such as oil or minerals, or rate of
land converted to urban purposes} grow at a fixed rate [a
percentage) per year. Exponential growth of the human
population is shown in Figure 1.4.

Calculoting exponential growth is surprisingly easy and
involves a rather simple equation:

. N = Noek'

where N is the future value of whatever is being evaluated;
Ny is present value; e is a constant 2.71828; k is equal to
the rate of increase {a decimal representing a percentage);
and tis the number of years over which the growth is to be
calculated. Growth rate R is defined as the percent change
per unit of time: K = R/100. This equation may be solved
utilizing @ simple hand calculator, and a number of interest-
ing environmental questions may be asked as a result. For
example, assume that we wanted fo know what the world
population is going ‘o be in the year 2020, given that the
population in 2000 is 6.1 billion and the population is grow-
ing at @ constant rate of 1.2 percent per year (0.012 as a
decimal). Precise figures of human populafion and growth
rates may be obtained from a variety of sources, including
the U.S. Bureau of Census. Assuming that world population
was 6.1 billion in the year 2000 and that the growth rate is
1.2 percent per year, we can estimate the world population
for the year 2020 by applying the equation above:

N (world populationin2020) = (6.1 X 109)(e(0-012%20))
N = (6.1 x 10%)(e>%4)
= (6.1 x 10%)
(2.71828%-24)

= 7.75 x 10°,

N (population projectedto
or 7.75 billion persons.

year 2020 based upon
the above assumptions)

Our equation for exponential growth may also be
rearranged fo project the time in the fufure when the earth
will reach a certain population. In this case, we must
assume a beginning population, a population af some fime
in the future, and the growth rate. Thus, f may be solved by
the following equation:

b= (1/Kk) In(N/No)

where all the terms have been defined and In is the natural
logarithm fo the base 2.71828. If we use our previous example

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
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and pose the question that, if the populafion growth remains
consiant at 1.20 percent per year and the population in the
year 2000 was 6.1 billion people, in what year will it reach
7.75 billion? By subsﬁtutir};g in the above equation
i = (1/0.012)In(7.75 x 107/6.1 x 107), we see that !
is equal to 20 years.

A word of caution concerning the use of exponential
growth—it is based upon the assumption of constant
growth rate. In trying to put arguments concerning expo-
nential growth in a critical thinking framework, it is impor-
lant to recognize that assumptions we make are statements
accepied as true without proof. Rates of growth repre-
sented as a percentage may, in fact, not be constant. As a
result, the estimations we make when applying the expo-
nential growth equation based upon a constant rafe of
increase need to be critically examined in terms of how
redlistic the constant growth rate is. The longer the period
of time over which we apply constant rates of growth, the
more unlikely it is that our predictions will be accurate. In
spite of these shoricomings, analysis of exponentiol growth
is one way fo provide insight into predicting future change
and the growth or decline of a number or quantity of par-
ficular material of interest. The equation used fo predict the
decline of a quantity, assuming a constant rate of reduc-
tion as o percentage, is:

N = No e—k’

where the terms are defined as above.
Assume a quantity of something is experiencing exponen-
fial growth. The fime for it to double can be calculated by:

2Np = Noede

where Td is the doubling time. Take the natural logarithm
of both sides of the equation:
In 2 = kTd, then
Td = In2/k
Remember, k = R/100
Td = 0.693/R/100
= 0.693(100)/R
— 69.3/Ror ~70/R
This equates to our general rule that the doubling fime is

approximately 70 + the growth rate. For example, if
R = 5percent per year, then Td = 14 years.

likely have the greatest population of all countries by 2050,
with about 18 percent of the total world population, fol-
lowed by China with 15 percent. Together, these two coun-
tries will have about one~third of the total world population
by 2050.6
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| Tﬂﬂlf 1.2 How W’E"'-lﬁie:'ﬂ'ﬂﬂ;i;ﬁ; Billion+

40,000-9,000 p.c.: Hunters and Gatherers
Population densﬂl about 1 person per 100 km2 of habitable areas, * total population probably less than a few million, average ennudl
growth rate less than 0 0001% {doubling time about 700,000 years)

9,000 5.c.~A.D. 1600: Preindustrial Agricultural

Population density about 1 person per 3 km? of habitable areas (about 300 fimes that of the hunter and gatherer period), total population

about 500 million; average annua! growth rate about G 03% {doubling time about 230Q years)

AD. 1600-1800: Early Industrial

Population density about 7 persons per 1 km? of habitable areas; total population by 1800 about 1 billion, annual growth rate about 0.1%

(deubling fime about 700 years)
AD. 1800-2000: Modern

Population density about 4G persans per 1 kmZ, fofal population in 2000 cbout 6.1 billien, annual growth rate at 2000 cbout 1 4%

(doubling time about 50 vears}

*Habitable area is assumer o be about 150 millien squars kivmeters 158 miflion square miles). Modihed afie Botkin D B, and Keller, £ A, 2000

Envirormerial Science, 3rd ed , Nev- York John Wilav am? Sons

Population Growth and the Future

Hove Many Paople Can Earth Comforiably Supportt
Because Earth’s population 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 population. Three billion more people by 2050, ™

with almost all of the growth in the developing countries, is
cause for concern. Increasing population at local, regional,
and global levels compounds nearly all environmental geol-
ogy problems, including pollution of ground and surface
waters; production and management of hazardous waste; and
exposure of people and human structures to natural
processes (hazards) such as floods, landslides, volcanic erup-
tions, and earthquakes.

There is no casy answer to the population problem. In
the future, we may be able to mass-produce enough food
from a nearly landless agriculture, or use artificial 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 suggest
that the present population is already above a comfortable
carrying capacity for the planet. Carrying capacity is the
maximum number of people Earth can hold without caus-
ing environmental degradation that reduces the ability of
the planiet to support the population. The role of education
is paramount in the population problem, As people (partic-
ularly women) become more educated, the population
growth rate tends to decrease. As the rate of literacy
increases, popilation 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.”

The Farth is Our Dnly Suvitobie Habitul The Earth is
now and for the foreseeable 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 miner-
als, are not. Other planets in our solar system, such as Mars,
cannot currently be considered 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 living in bubbles.

‘When resource and other environmental data are com-
bined with population growth data, the conclusion is clear:
It is impossible, in the long run, to support exponential pop-
ulation growth with a finite resource base. Therefore, one of
the primary goals of environmental work is to ensure that
we can defuse the population bomb. Some scientists believe
that population growth will take care of itself through dis-
ease 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.

Geod Newes or Fuman Pepulation Grovt It is not all
bad news regarding human population growth; for the first
time since the mid-1900s, the rate of increase 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.?
From an optimistic point of view, it is possible that our global
population of 6 billion persons in 2000 may not double again.
Although 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
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FIRURE 1.5 Good news on population growth World annual increose
in population peaked in the late 1980s. Today it Is o a level comparable
1o the late 1970s. This increase is like adding two Californias each year.
[Data from the U.S. Bureau of the Census and Worldwaich Institute}

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 methods. Until the
growth rate is zero, however, population will continue to grow.
About 20 countries, mostly in Western Europe but including
China, have achieved 2 total fertility rate (number of children
‘per woman) of less than 2.1, which is the level necessary for
replacement. '

=13

Concept Two: Sustainability
Sustainability is the environmental objective.

What is sustainability? Sustainability is something that we
are struggling to define. 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 economi-
cally viable, do not harm the environment, and are socially
just.” Sustainability is a long-term concept, something that
happens over decades or even over hundreds of years. It is
important 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 nonre-
newable resources such as fossil foels and minerals is possible
by, first, extending their availability through conservation and
recycling; and, second, rather than focusing on when a partic-
ular nonrenewable resource is depleted, focusing on how that
resource is used and developing substitutes for those uses.
There is little doubt that we are using living environ-
mental resources such as forests, fish, and wildlife faster than
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they can be naturally replenished, We have extracted miner-
als, 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 envi-
ronmental resources so that they continue to provide bene-
fits 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 that our resources are limited. To meet
fature 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 environment, that
increase the quality of life, and thatare economically viable.
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 pollu-
cants can be turned into resources. Land is also an impor-
tant resource for people, plants, and animals, as well as for
manufacturing, mining, and energy production; transporta-
tion; deposition of waste products; and aesthetics. Owing in
part to buman population increases that demand more land
for urban and agricultural purposes, human-induced
change to Earth is increasing ata rapid rate. A recent study
of human activity and the ability to move soil and rock con-
cluded that human activity (agriculture, mining, urbaniza-
tion, 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 activities and their associated visual changes to Earth
(for example, leveling hills) suggest that human activity is
the most significant process shaping the surface of Earth.”
We will discuss land-use planning in Chapter 17.

FITURE 1.& Mining A giont excavating machine in this mine can move
Earih materials at o rate that could bury one of the Egyptian Pyramids in
a short time. {foseph J. Scherschel/NGS Image Collection}
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#re We in an Envirormental Crisis? Demands made on
diminishing resources by a growing human population and
the ever-increasing production of human waste have pro-
duced what is populaily referred to as the environmental
crisis. This crisis in the United States and throughout the
world is a result of nverpopulation, urbanization, and indus-
trialization, combmed with too little ethical regard for our
land and inadequate insututions to cope with environmental
stress.'% The rapid use of resources continues to cause envi-
ronmental problems on a global scale, including

w Climate change from burning fossil fuels resulting in
global warming,

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

® Minmg of resources such as metals, coal, and petroleum
wherever they occur produces a variety of environmen-
tal problems.

» Development of both groundwater and surface-water
resources results in loss of and damage to many environ-
ments or a global scale. For example, the Aral Sea in
Kazalhstan and Uzbekistan over a period of 30 years
decreased in area from 67,000 km? (26,000 mi®) to
28,000 km? (10,800 mi2) due to diversion of two rivers
that fed it. Loss of the sea is changing the regional
weather, making winters cooler and summers warmer,
An ambitious program to restore part of the sea through
water conservation has been partly successful, 1!

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

De We Need to Sove Farth or Cursslves? The envi-
ronmental slogan of the 1990s was “save our planet.” Is
Earth’s very survival really in danger? In the long view of

FIGURE 1.7 Logging Clearcut timber harvesting exposes soils, com-
pacting them and generally contributing to an increase in soil erosion
and other environmental problems. {Edward A, Keller)

planetary evolution, 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 degra-
dation we have imposed on the landscape, atmosphere, and
waters might last for a few hundreds or thousands of years,
but they would eventuaily be cleansed by natural processes.
Therefore, our major concern is the quality of the human
environment, which depends on sustaining our larger sup-
port systems, including air, water, soil, and other life.

Concept Three: Earth as a System

Understanding Earth’s systems and their changes is crifical to
solving environmental problems.

A system is any defined part of the universe that we select
for study. Examples of systems are 2 planet, a volcano, an
ocean basin, or a river (Figure 1.8). Most Systems contain
several component parts that mutually adjust to function as
a2 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, 12

Input-Output Analysis

Input-output analysis is an important method for analyz-
ing change in systems. 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 out-
put. 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 university in which
students enter as freshmen and graduate four years later at
2 constant 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: Incom-
ing solar radiation is roughly balanced by outgoing radia-
tion from Earth. In the second type of change, the input
into the system is less than the output (Figure 1.9b). Exam-
ples include the use of resources such as fossi fuels or
groundwater 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 1.9¢), the stock of whatever is being
measured will increase. Examples include the buildup of
heavy metals in lakes from industrial pollution or the pollu-
tion of soil and water, :

Fow Con We Evalusie Change? By evalnating rates of
change or the input and output of a system, we can derive an
average residence time for a particular material, such as a
resource, The average residence time is a measure of the time
ittakes for the total stock or supply of the material to be cycled
through a system. To compurte the average residence time (T}
assuming constant size of the system and constant rate of

ETIE
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FIGLIRE 1.5 River as a system Image of part of the Ama-
zon River system [blue) and its confluance with the Rio Negro
{black]. The blue water of the Amazon is heavily laden with
sadiment, whereas the water of the Rio Negro is nearly clear.
Note that as the wo large rivers join, the waters do not mix
imitially but remin separate for some distance past the conflu-
ence. The Rio Negro is in flood stage. The red is the Amazon
rain forest, and the white lines are areas of human-caused dis-
trbances such as roods. (Earth Satellite Corporation/
Seience Photo Library/Photo Researchers, Inc.}

FIGLRE 1.7 Change in systems Major ways
] Exampl | in which a pool or stock of some material may
Ne ¢hange mpe change. (Modified after Ehrlich, P. R, Ehrlich,
. ") in size of . Mq‘nclged tystem A. H., and Heldren, J. P. 1977. Ecoscience:
ool or siock ‘ suchia uriversity Population, Resources, Environment. 3rd ed.
________I with Iclzonsrcnr San Francisco: W. H. Freeman)
(] Input = Output enrnliment -
peczo—== -
Ty Poolor !
i Li stock s { Use of
=7 | reduced || =— ,/ fossil fuels ]
(b} Input ) et rl'\nn_ B Qutput l
| Poliufion of . \
. . T ———— YL R I:,‘_‘ o Igke wif'n
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FIGLRE  5.10 Average residence time
Calculation of the average residence fime for -

~,  Input from stream 1 m3/sec
L

a cubic meter of water in a reservoir where N

input = output = 1m® per second, and the \‘;.\

size of the reservoir is constant at A '\ 82 _— "
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T=5/
1. 100,00C,060 ¢ -

1 g/ sec .

3

[Note m? cancel oui} %,
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transfer), we take the total size of the stock (S) and divide it by
the average rate of transfer (F) through the system:

T = S/F

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 information to help under-
stand and solve environmental problems. For example, the
average residence time of water in rivers is about 2 weeks,
compared with hundreds to thousands 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, whereas polluted groundwater is a more difficult
problem because it moves slowly and has a long average res-
idence time. Because it may take from several hundreds of
years for pollution of groundwater to be naturally removed,
groundwater 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 in 1785 by James Hutton (referred to by
some schelars as the father of geology) is heralded today as a
fundamental concept of Earth sciences. As the name sug-

gests, uniformitarianism holds that processes we observe
today also operated in the past (flow of water in rivers, for-
mation and movement of glaciers, landslides, waves on
beaches, uplift of the land from earthquakes, and so on).
Uniformitarianism does not demand or even suggest that the
magnitude (amount of energy expended) and frequency (how
often a particular process occurs) of natural 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 present processes were operating.

Presani Human Asiiviiy le Part of the ey io Undsr-
standing tha Fuiure 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 sys-
tem as a whole may have on natural Earth processes. For
example, small streams with drainage areas of a few to sev-
eral 10s of km? flood regardless of human activities, but
human activities, such as paving the ground in cities,
increase runoff and the magnitude and frequency of flood-
ing. 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 activities will change the size
and frequency of floods. In this case, the present is the key o
the future. For example, when environmental geologists
examine recent landslide deposits Figure 1.11 in an area
designated to become a housing development, they must
use uniformitarianism to infer where there will be future
landslides, as well as to predict what effects urbanization
will have on the magnitude and frequency of future land-
slides. We will now consider linkages between processes.



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 con-
structed 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 deprivation may be
incressed 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 hydrology of the river and would block fish
from migrating upstream. We will now consider global
linkages.

Earth Systems Science Earth systems science isthe study
of the entire planet as a system in terms of its components
(see A Closer Look: The Gaia Hypothesis). It asks how compo-
nent systems (subsystems of the Earth system), such as the
atmosphere (air), hydrosphere (water), biosphere (life), and
lithosphere (rocks), are linked and have formed, evolved,
and been maintained. It also explores how these compo-
nents fanction, and how they will continue to evolve over
periods ranging from a decade to a century and longer.!*
Because these systems are linked, it is also important to
understand and be able to predict the impacts of 2 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 millennia, Trace gases,
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presence of a landslide on this slope sug-
gests that the slope is not stable and fur-
ther movement may occur in the future.
This is a “red flag” for future development
in the area. {Edward A. Keller)

such as carbon dioxide, have increased by about 100 per-
cent since 1850. Chlorofluorocarbons (CFCs), used as
refrigerants and aerosol-can propellants and released at the
surface, have migrated to the stratosphere, 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 16, following topics
such as Earth materials, natural hazards, and energy
TESOLICES.

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 nat-
ural processes such as storms, floods, earthquakes, land-
slides, and volcanic eruptions that periodically damage
property and kill us. During the past 20 years, natural haz-
ards on Earth have killed several million people. The annual
loss was about 150,000 people, and annual financial dam-
ages 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 num-
bers were neither great nor concentrated, so losses from
hazardous Earth processes were not significant. As people
Jearned to produce and maintain a larger and, in most
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Is Earih Analogous io an Organism? In 1785, at a meet
ing of the prestigious Royal Society of Edinburgh, James
Hutton, the father of geclogy, said he believed that planet
Earth is o superorganism [Figure 1.B). 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 svstem, and the forests are the lungs.!® Two hun-
dred yecrs later, British scientist and professor James Love-
lock introduced the Gaia hypothesis, reviving the idea of a
living Earth. The hypothesis is named for Gaia, the Greek
goddess Mother Earth.

PIGURE 7.3 Home Image of Earth centering on the North Atlanic-

Ocean, Nerth America, and the polar ice sheets. Given this perspective
of our planat, it is not difficult to conceive of it as a single large system.
fleonello Cclvetti/Stocktrek images/Getly Images)
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The Gaia hypothesis is best stated os a series of
hypotheses:

a Life significantly affects the planefary environment.
Very few scientists would disagree with this concept.

n 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
singlecell plants floating near the surface of the ocean
partially control the carbon dioxide content of the
atmosphere and, thereby, the global climate. 13

n life deliberately or consciously conirols the global
environment. There are very few scientists who accept
this third hypothesis. Interactions and the linking of
processes that operate in the atmosphere, on the sur-
face of Earth, and in the oceans are probably suffi-
cient to explain most of the mechanisms by which life
affects the environment. In contrast, humans are begin-
ning to make decisions concerning the global environ-
ment, so the idea that humans can consciously influence
the future of Earth is not an exireme view. Some people
have interpreted this idea as support for the broader
Gaia hypothesis.

Gaia Thinking Fosters Interdisciplincry Thinking. The real
value of the Gaia hypothesis is that it has stimulated a lot
of interdisciplinary research to understond 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.

T e

years, more abundant food supply, the population increased
and became more concentrated locally. The concentration
of population and resources also increased the impact that
periodic zarthquakes, 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 result of
human activity (population increase and changing the land
through sgriculture, logging, mining, and urbanization),
what wers formerly disasters are becoming catastrophes.
For example,

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

» Land use transformations, including urbanization and
deforzstation, increase runoff and flood hazard and may
weaken slopes, making landslides more likely.

m Burning vast amounts of oil, gas, and coal has increased
the concentration of carbon diozide in the atmosphere,
contributing to warming the atmosphere and oceans. As
a result, more energy is fed into hurricanes. The num-
ber of hurricanes has not increased, but the intensity
and size of the storms have increased.

We can recognize many natural processes and predict
their effects by considering climatic, biological, and geo-
logic 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 mini-
mizing the threat to human life or property. Put concisely,
this process consists of assessing the risk of a certain haz-
ard in a given area and basing planning decisions on that
risk assessment. Public perception of hazards also plays a
role in the determination of risk from a hazard. For exam-
ple, although they probably understand that the earth-
quake hazard in southern California is real, the residents
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who have never experienced an earthquake firsthand 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 use of scientific inquiry to solve a particular environ-
mental problem often provides a series of potential solutions
consistent with the scientific findings. The chosen solution
is a reflection of our value system.

Whet Is Science? To understand our discussion of scien-
tific knowledge and values, let us first gain an appreciation
for the conventions of scientific inquiry. Most scientists are
motivated by a basic curiosity about how things work. Geol-
ogists are excited by the thrill of discovering something
previously unknown about how the world works. These dis-
coveries 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
breakthrenghs 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 sci-"

entist may then develop a question or a series of questions
about those observations. Next, the investigator will suggest
an answer or several possible answers to the question. The
possible answer is a hypothesis to be tested. The best
hypotheses can be tested by designing an experiment 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 hypotheses 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 scientific 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 sci-
entist spends some time at the beach. The scientist notices
some small streams that flow into the ocean; he/she knows
that the streams originate in the nearby mountains. The sci-
entist then refines the question to ask specifically, “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, the scientist collects some sand from the
beach and from the streams and some rock samples from the
mountains. He/she then compares their mineral content.
The scientist finds that the mineral content of all three is
roughly the same. Te/she draws a conclusion that the beach
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sand does come from the mountains, and so accepts the
hypothesis. If the hypothesis had proved to be wrong, the
scientist would have had to formulate a new hypothesis. In
complex geologic 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.

Laboratory studies and fieldwork are commonly used in
partnership to test hypotheses, and geologists often begin
their observations in the field or in the laboratory by taking
careful notes. For example, a geologist in the field may
create a geologic map, carefully noting and describing the dis-
tribution of different Earth materials. The map can be com-
pleted in the laboratory, where the collected material 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 L.1). Gealogists’ inter-
est in Earth history over time periods that are nearly
incomprehensible to most people naturally leads to some
interesting questions:

» How fast are mountains uplifted and formed?

s Flow fast do processes of erosion reduce the average
elevation of the land?

u How fast do rivers erode canyons to produce scenic val-
leys, such as Yosemite Valley and the Grand Canyon
(Figure 1.13)?

a 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 millimeter per year to several kilometers per sec-
ond. The fastest rates are more than a trillion times more
than those of the slowest. The most rapid rates, a few kilome-
ters per second, are for events with durations of a few sec-
onds. For example, uplift of 1 m (3.3 ft.) during an earthquake
may seemn 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 gnvironmental
geology is that human activities may accelerate the rates of
some processes. For example, timber harvesting and urban
construction remove vegetation, exposing soils and increasing
the rate of erosion. Conversely, the practice of sound soil con-
servation may reduce rates.

What cboui Geclogic Time? Humans evolved during
the Pleistocene epoch (the last 1.65 million years), which is
a very small percentage of the age of Earth (see Table 1.1). To
help you conceptualize the geologic time scale, Figure 1.14
illustrates all of geologic time as analogous to yards on a foot-
ball field. Think back to your high school days, when your
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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 trav-
eled 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 diver-

sified. 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 I;
the first oxygen in the atmosphere did not occur until July;
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FIGURE 1,13 Eroding a valley Ideclized
diagram of progressive incision of a river
info o sequence of horizontal rocks. The side
slope Is stesp where racks are hard and
resistent to incision, and the rate of incision
is generally less than abeut 0.01 mm per
year {about 0.0004 in. per year). For softer
rocks, where the side slops is gentle, the rate
of incision may exceed | mm per year
{0.039 in. per year]. If the canyon incised
about 1 km [0.62 mi] in 1 million ysars, the
average rate is 1 mm per year {0.039 in.
per year). (Modified affer King, P. B., and
Schumm, S. A, 1980. The Physical Geo-
graphy of William Merris Davis. Norwich,
England: Geo Books)



22 Part1 Foundations of Environmental Geology

T

Slow Rates

E 1.3 Seme Typical Rares ﬂf'Gié;fi;ri}ic-Frgccssg_s

: # Uplift that preduces mountains. Generally, 0 5 % 2 mm per year (about 0 U2 to 0.08 in. per year). Can be as great as
10 mm per year [about 0 39 in. per year). It rakes {with no erosion) 1 5 million to & miflion years fo produce mounteins
with elevations ot 3 km [around 1.9 mi)

1

* m Erosion of the land Generally, 0.0 to 1 mm per year (about 0 004 to 0.039 in. per year]. It takes {with no uplifi] 3 million

" to 300 million years to erode a landscape by 3 km jabout 1.9 mi). Erosion rates may be significantly increased by human

| activity such as fimber harvesting or agricultural activities that increass the amount of water that runs off the land, causing
erosion. Rates of uplift generally exceed raies of erosion, explaining why land above sea level persists

i m Incision of rivers into bedrock, producing canyens such as the Giand 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 0007 to 0.39 in. per
year}. Therefore, fo produce o caryon 3 km faround 1.9 mi) deep would take 300 thousand to 600 million years. The rate
of incision mayy be increased several iimes by human activifies such as building dams, because increased downcutting of the

river channel accurs directly below a dam.

year {about 0.02 to € 05 in. pei yearl

m Coastal erosion by waves Gererally 0251 1.0
100 yeais' prolection from erosion, « siructure shot
¢ from the clift edge.

f Infermediate f
Rates

Fast Rates

. Farthquake 1upture. Several kilomeiers per second
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«——— 88 yards—Precambri
99.6 yards—Pleistotene
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FIEURE 1,14 Time Geologic time as represented by a football field.
See the text for further explanation.

. m Movement of soil and rock dowrslope by creeping in response fo the pull of gravity. Rate is generally 0.5 to 1.2 mm per

. m Glacter movement. Generily, a few meters per year fo o few meters per day

m River How in flcods. Generally, a faw meters per second.

m per yeai [0.82 to 3 28 {t per yearl Thus, fo provide
J’ be built about 25 to 100 m (about 82 to 228 #) back

| & love flows. Depends on fype of lava and slope. Generally, from a few meters per dey to several meters per second

m Debriz avalanche, or flow of saturcted earth. soil, and rocks downslape. Can be greater than 100 km {62 mi) per hout

and mammals did not make their appearance until Decem-
ber 18. The first human being arrived on the scene on
December 31 at 6 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 Geol-
ogists Determine Time). Thus, in geologic study, geologists
often design hypotheses to answer questions integrated
through time. For example, we may wish to test the hypothe-
sis 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 16, One way to test this
hypothesis would be to show that before the Industrial Revo-
lution, when we started burning 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 thou-
sand years, before temperature measurements were recorded
at various spots around the planet as they are today. To test
the hypothesis that global warming is occurring, the investi-
gator could examine prehistoric Farth materials that might
provide indicators of global temperature. This examination
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might involve studying glacial ice or sediments from the
bottoms of the oceans or lakes to estimate past levels of car-
bon dioxide in the atmosphere. Properly completed, studies
can provide conclusions 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 con-
stitutes a current set of beliefs based on the application of
the scientific method and critical thinking. Science is not
the only way a set of beliefs are established. Some beliefs are
based on faith, but these, while valid, should not be con-
fused with science. The famous Roman philosopher Cicero
once concluded that divine providence, ot 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 and the process of
science developed, other explanations emerged. ‘These
included explanations for biological evolution by biologists,
the understanding of space and time by physicists, and the
explanation that continents and ocean basins form through
plate tectonics by geologists.

“What is Critical Thinking? When we talk about the
process of critical thinking in science we naturally consider
the application of inteliectual standards to our thinking
process. A list of selected intellectual standards is shown on
Table 1.4. Thhe first standard is clarity. If you are not clear in
what you write and talk 2bout, you may not be understood
or your ideas may be misinterpreted. Putting your argument
in the cerrect time frame is particularly important for geo-
logical statements about topics such as the frequency of nat-
ural hazards or the development and use of energy and
other resources (sustainability), which often have a variable
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time framework from geologic time 1000s to a few 100s
thousands of years and longer, to prehistoric time, usually a
few thousand to a few100s of years, to historic time, when
the written record began, and, finally, to very recent time, a
few decades or less. What assumptions did you make? Are
the assumptions consistent with each other? Did you care-
fully check the calculations that you used to support your
statement or argument? Did you gather your own data and
come to your own conclusion? The latter is very important
in the research you do. If you gather your own data and
come to your own conclusions, you will be better prepared
to defend your argument. Finally, did you use reliable
sources for your information and cite sources of information
correctly? Applying intellectnal standards to any scientific
problem and discussion will improve your thinking skills.

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 development in the long history of human
ethical evolution. A change in the concept of property rights
has provided a fundamental transformation in our ethical
evolution. 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 cer-
tainly had codes of ethics, but these codes did not include
the idea that people cannot be property. Similarly, until very

n Clerity: It g statement is not elear, vou can't |udge whether it is relevant or aceurate, and you may e misunderstood and

your argument ignored
m Assumptions What assumptions are you making?

®w Accuracy. Is a statement hue? Cun the statement be checked? How well does o measurement agree with the accepted value?
m Precision. Refers to degree of exaciness fo which something is measured. Can a statement or measurement be more specific,

detailed. or exact?
m Relevance. Is o statement connected to the problem: at hand?

m Depth. Did you adequarely consider he complexities of quesfion?

m Breadth: Did you evaluate other points of view or examine 1t from a different perspective?
m logic: Does a conclusion make sense and logically follow from the evidence?

a Significance: [s the problem an imporfant one? Why2 Why note

u Timing: Did vou present your statement or argument in the appropriate time framework {geologic, prehrstoric, very recent, foday)?

& Calculations: Did you check all the math?
® Refererces: Did you use reliable sources?

m Conclusions: Did you gather vour own data and ome to your own conclusions?

a Fairress: Are there vesiad infesests in the stafement or argument and have other points of view been considerad?

Modified afler Poul R . ond L. Eider 2903 <o thinking Dillon Beack A The Foundaiion for Critreat Thinking
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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 civi-
lization and its physical environment begun to emerge as a
relationship involving ethical considerations.
Environmental (including ecological and land) ethics
invelves limitations on social as well as individual freedom of
action in the struggle for existence in our stressed environ-
ment. A land ethic assumes that we are responsible not only
to other individuals and society, but also to the total environ-
ment, the larger community consisting of plants, animals,
soil, rocks, atmosphere, and water. According 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 economics to determine land use.l’
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 pro-
tected within the bounds of a national park or forest. In addi-
tion, rivers flow free and clean, lakes are not overfished or
polluted, and mineral resources are protected. The ethic that
led to the protection of such lands allows us the privilege of
enjoving these natural areas and ensures that future genera-
tions will have the same opportunity. We will now change
focus to discuss why solving environmental problems tends
to be difficult and to introduce the emerging environmental
policy tool known as the precautionary principle..

Why Is Solving Environmental
Problems So Difficult?

Many environmental problems tend to be complex and mul-
tifaceted. They may involve issues related to physical, bio-
logical, and human processes, Some of the problems are
highly charged from an emotional standpoint, and potential
solutions are often vigorously debated.

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

n Exzpediential growth is often encountered. Expediential
growth means that the amount of change may be hap-
pening quickly, whether we are tatking about an increase
or decrease.

m There are often lag times between when a change
ccetirs and when it is recognized as a problem. If the lag
time is long, it may be very difficult to even recognize a
particular problem,

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

"gone forever.

u The principle of environmental unity is almost always
involved. It may be difficult to identify a chain of events
in a problem solution.

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 the aesthetics of living in a quality envi-
ronment? What the analysis often comes down to is an exer-
cise in values clarification. Science can provide a number of
potential solutions to problemms, but which solution we pick
will depend upon our values.

Precautionary Principle
What I the Frecautionury 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 a potentially serious
environmental problem exists, scientific certainty is not
required in order to take a precautionary approach. That is,
better safe than sorry. The precautionary principle thus con-
tributes to the critical thinking on a variety of environmental
concerns, such as, for example, the 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 environmentally just policy framework
for environmental problems,16

The precautionary principle recognizes that scientific
proof is not possible in most instances, and that management
practices are needed to reduce or eliminate environmental
problems which are 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 Precaviionary Principie May 3= Diffiaul to Apply
One of the difficulties in applying the precautionary princi-
ple is the decision concerning how much scientific evidence
is needed before action on a particular problem should be
taken. This is a significant and often controversial question.
An issue being considered 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 scien-
tific 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 nec-
essary 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
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coal should not be used as a reason for not taking, or post-
poning, cost-effective measures to reduce or prevent envi-
ronmental degradation or heath problems. This raises the
questicn of what constitutes a cost-effective measure.
Determination of the benefits and costs of burning more
coal compared to burning less, or treating coal more in
order to clean up the fuel, should be done, but other eco-
nomic analyses may also be appropriate,16:17

‘There will be arguments over what is sufficient scien-
tific 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 envi-
ronmertal 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 govern-
ment in the United States to make the precautionary princi-
ple the basis for its environmental policy.

Applying the precautionary principle requires us to use
the principle of environmental unity and predict potential
consequences of activities before they occur. Therefore, the
precautionary principle has the potential to become a proac-
tive, rather than reactive, tool in reducing or eliminatirig
environmental degradation resulting 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
applied across the board to potential environmental prob-
lems in the United States any time soon. Nevertheless, it
will likely be invoked more often in the future. When the
precautionary principle is applied, it must be in the context
of 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

Wae Are Creciures of the Pleisiocena There is no argu-
ing that we are a very successful 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 tech-
nology has grown tremendously in the past several hundred
years. Hlowever, we cannot forget that our genetic 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, this statement seems inconceivable and not
possible to substantiate, considering the differences between
our current way of life and that of our Pleistocene ancestors.
But it has been argued that studying our Pleistocene ances-
tors, with whom we share nearly identical genetic informa-
tion, may help us understand ourselves better.!8 That is,
much of our human nature and, in fact, our very humanity
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may be found in the lives of the early hunters and gatherers
and may explain some of our current attitudes toward the
natural world. We are more comfortable with natural sounds
and smells, such as the movement of grass where game is
moving or the smell of ripe fruit, than with the shrill noise of
horns and jackhammers and the smell of air pollution in the
city. Many of us enjoy sitting around a campfire roasting
marshmallows and telling stories about bears and rat-
tlesnakes. 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! We speculate that women may like their
hand and shoulder bags and find them comforting in part
because the gathering instinct is still with us. On the other
hand, hunting and fishing are activities that men are more
likely to participate in. ‘

Children and people that are not connected to nature
may suffer more from attention deficit and depression.
Those who exercise outside in a natural setting, such as a
forest, along a stream or lake, in the mountains or desert, on
a beach, or in a city park are more relaxed and less anxious
or angry than people who exercise only inside. In hospital,
we tend to heal faster and spend a shorter time there when
we can look out on'a natural setting. Children regularly
exposed to nature (local parks or even a group of trees) may
be more seclf-confident, less anxious, do better in science,
and interact (cooperate) with others in play or work in more
positive ways,1?

The solutions we choose to solve environmental prob-
lems depend upon how we value people and the environ-
ment. For example, if we believe that human population
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 implement. As another
example, consider flooding of small urban streams (a stream
is a small river, a subjective decision). Flooding is a hazard
experienced by many communities. Studies of rivers and
their natural processes leads to a number of potential solu-
tions 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 pro-
viding habitat for a variety of animals including raccoons,
foxes, beavers, and muskrats that use the stream environ-
ment; resident and migratory birds that nest, feed, and rest
close to a river; and a variety of fish that live in the river sys-
tem. 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 devel-
opment, provides another example of the relation between
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 seawalls, Sci-
ence tells us that the consequences from the hard solution



