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Daily life is flled with decisions large and small that afect our environment. From 
the food we eat, to the cars we drive or choose not to drive, to the chemicals we 
put into the water, soil, and air. The impact of human activity is wide-ranging 
and deep. And yet making decisions about the environment is often not easy or 
straightforward. Is it better for the environment if we purchase a new, energy-
efcient hybrid car or should we continue using the older car we already own? 
Should we remove a dam that provides electricity for 70,000 homes because it 
interferes with the migration of salmon? Are there alternatives to fossil fuel for 
heating our homes?

The purpose of this book is to give you a working knowledge of the big ideas 
of environmental science and help you to prepare for the AP® Environmental 
Science Exam. The book is designed to provide you with a strong foundation in 
the scientifc fundamentals, to introduce you to the policy issues and conficts that 
emerge in the real world, and to ofer you an in-depth exploration of all the topics 
covered on the advanced placement exam in environmental science.

Like the frst edition, Friedland and Relyea Environmental Science for AP®, Sec-
ond Edition, is organized to closely follow the AP® environmental science course 
description. Every item on the College Board’s “Topic Outline” is covered thor-
oughly in the text. Look inside the front cover for a detailed alignment guide. The 
textbook ofers comprehensive coverage of all required AP® course topics and will 
help you prepare for success on the exam by:

• providing chapter opening case studies that will help you to see how envi-
ronmental science is grounded in your daily life and in the world around 
you

• dividing each chapter into manageable modules that will help you to be or-
ganized and keep up with the challenging pace of the AP® environmental 
science course

• using the same terminology, language, and formulas that you will see on the 
AP® environmental science exam

• using expertly selected and artistically rendered fgures, photographs, 
graphs, and visuals that will help you to understand and remember the big 
ideas and important concepts that will be on the exam

• providing you with many opportunities to practice for the exam through-
out the year, including end-of-module AP® review questions, chapter AP® 
practice exams, unit AP® practice exams, and a cumulative AP® practice 
exam at the end

The next few pages ofer you a brief tour of the features of this book that have 
been designed to help you succeed in the course and on the exam.

Getting the Most from This Book

     xvii
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Explore the world around you through science.

Lithium is a vital component of 
environmentally friendly hybrid-electric  
cars but mining lithium has adverse 
environmental consequences. This lithium 
mine is in Bolivia. (Robin Hammond/Panos Pictures)

259

Module 24 Mineral Resources and Geology

Module 25 Weathering and Soil Science

c h a p t e r

8 

Many people in the environmental sci-
ence community believe that hybrid 
electric vehicles (HEV) and all-electric 
vehicles are some of the most exciting 
innovations of the last decade. Cars 
that run on electric power or on  
a combination of electricity and 
 gasoline are much more efficient in 
their use of fuel than similarly sized 
internal combustion (IC) automo-
biles. Some of these cars use no 
gasoline at all, while others are able 
to run as much as twice the distance 
as a conventional IC car on the same 
amount of gasoline.

Although HEV and all-electric vehi-
cles reduce our consumption of liquid 
fossil fuels, they do come with environ-
mental trade offs. The construction  
of HEV vehicles uses scarce metals, 
 including neodymium, lithium, and 
 lanthanum. Neodymium is needed to 

form the magnets used in the electric 
motors, and lithium and lanthanum are 
used in the compact high-performance 
batteries the vehicles require. At  present, 

there appears to be enough  lanthanum 
available in the world to meet the 
 demand of the Toyota Motor  Corporation, 
which has manufactured more than  
3 million Prius HEV vehicles. Toyota 
 obtains its lanthanum from  China. There 
are also supplies of  lanthanum in various 
geologic deposits in California, Australia, 

Bolivia, Canada, and elsewhere, but 
most of these  deposits have not yet been 
developed for mining. Until this happens, 
some  scientists believe that the produc-

tion of HEVs and all-electric vehicles  
will eventually be limited by the 
 availability of lanthanum.

In addition to the scarcity of  
metals needed to make HEV and 
 all-electric vehicles, we have to 
 consider how we acquire these 
 metals. Wherever mining occurs, it 
has a number of environmental 
 consequences. Material extraction 

leaves a landscape fragmented by 
holes, and road construction necessary 
for access to and from the mining site 
further alters the habitat. Erosion and 
water contamination are also common 
results of mining.

A typical Toyota Prius HEV uses 
 approximately 1 kg (2.2 pounds) of 

Although HEV and all-electric 
vehicles reduce our 
consumption of liquid fossil 
fuels, they do come with 
environmental trade offs.

Are Hybrid Electric Vehicles as Environmentally  

Friendly as We Think?

Earth Systems

MODULE 34 ■ Patterns of Energy Use  399

Nonrenewable energy is used 
worldwide and in the United States

Fossil fuels are fuels derived from biological material 
that became fossilized millions of years ago. Fuels from 
this source provide most of the energy used in both 
developed and developing countries. The vast majority 
of the fossil fuels we use—coal, oil, and natural gas—
come from deposits of organic matter that were formed 
50 million to 350  million years ago. As we saw in 
Chapter 3 (see Figure 7.2 on page 83), when organisms 
die, decomposers break down most of the dead bio mass 
aerobically, and it quickly reenters the food web. 
However, in an anaerobic environment—for example 
in places such as swamps, river deltas, and the ocean 
floor—a large amount of detritus may build up quickly. 
Under these conditions, decomposers cannot break 
down all of the detritus. As this material is buried under 
succeeding layers of sediment and exposed to heat and 
pressure, the organic compounds within it are chemi-
cally  transformed into high-energy solid, liquid, and 

 gaseous components that are easily combusted. Because 
fossil fuel cannot be  replenished once it is used up, it is 
known as a nonrenewable energy resource. Nuclear 
fuel, derived from radioactive materials that give off 
energy, is another major source of nonrenewable energy 
on which we depend. The supplies of these energy 
types are finite.

Every country in the world uses energy at different 
rates and relies on different energy resources. Factors 
that determine the rate at which energy is used include 
the resources that are available and affordable. In the 
past few decades, people have also begun to consider 
environmental impacts in some energy-use decisions. 

Patterns of Energy Use 34
In this module we begin our study of nonrenewable energy sources by looking at 
patterns of energy use throughout the world and in the United States. We will see how 
evaluating energy efficiency can help us determine the best application for different 
energy sources. Finally, because electricity accounts for such a large percentage of 
our overall energy use, we will examine the ways in which electricity is generated.

Learning Objectives

After reading this module, you should be able to

• describe the use of nonrenewable energy in the world and in the United States.

• explain why different forms of energy are best suited for certain purposes.

• understand the primary ways that electricity is generated in the United States.

m o d u l e

Fossil fuel A fuel derived from biological material 
that became fossilized millions of years ago.

Nonrenewable energy resource An energy 
source with a finite supply, primarily the fossil fuels 
and nuclear fuels.

Nuclear fuel Fuel derived from radioactive materials 
that give off energy.
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xviii  Getting the Most from This Book

Chapter Opening Case Study

Read the intriguing case study that begins each 
chapter and think about the environmental 
challenges and trade-offs that are introduced. 
The subjects of these studies often will spark 
spirited class discussion.

As you can see from case studies like this 
one from Chapter 8, it’s not always easy to 
make sustainable choices.

Module Structure

Chapters are divided into short Modules to 
help keep you on pace. Each module opens 
with a brief description of what topics will be 
covered.

Learning Objectives

A list key ideas at the beginning of the module 
help to keep you focused as you read.

Running glossary

Important key terms are set in bold type in the text and defined at 
the bottom of the page on which they are introduced. Key terms 
are also defined in the glossary at the end of the book.
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MODULE 34 ■ Patterns of Energy Use  407

nuclear and coal-fired plants running at all times. As 
demand for electricity changes during the day or week, 
plants that are more easily powered up, such as those 
that use natural gas, oil, water, or wood, are used.

Cogeneration
The use of a fuel to generate electricity and produce 
heat is known as cogeneration, also called  combined 
heat and power. Cogeneration is a method employed 
by certain users of steam for obtaining greater efficien-
cies. If steam used for industrial purposes or to heat 
buildings is diverted to turn a turbine first, the user will 
achieve greater overall efficiency than by generating 
heat and electricity separately. Cogeneration efficien-
cies can be as high as 90 percent, whereas steam heat-
ing alone might be 75 percent efficient, and electricity 
generation alone might be 35 percent efficient.

There are over 17,000 power plants in the United 
States. In 2012, they generated approximately 3.7  billion 
MWh. FIGURE 34.8 shows the fuels that were used to 

Calculating Energy Supply
According to the U.S. Department of Energy, a typical home in the United States 
uses approximately 900 kWh of electricity per month. On an annual basis, this is

900 kWh∕month × 12 months∕year = 10,800 kWh∕year

How many homes can a 500 MW power plant with a 0.9 capacity factor support?
Begin by determining how much electricity the plant can provide per month:

500 MW × 24 hours∕day × 30 days∕month × 0.9 = 324,000 MWh∕month

1 MWh equals 1,000 kWh, so to convert MWh per month into kWh per month, 
we multiply by 1,000:

324,000 MWh∕month × 1,000 kWh/MWh = 324,000,000 kWh∕month

So
324,000,000 kWh∙month
900 kWh∙month∙home

= 360,000 homes

On average, a 500 MW power plant can supply roughly 360,000 homes with 
electricity.

Your Turn During summer months, in hot regions of the United States, some 
homes run air conditioners continuously. How many homes can the same power 
plant support if average electricity usage increases to 1,200 kWh/month during 
 summer months?

do the  
math

Oil
1%

Other renewable
energy sources 4%

Nuclear fuel
20%Natural gas

28%

Coal
40%

Hydroelectric dams
7%
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ss
il 
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F I G U R E  3 4 . 8  Fuels used for electricity generation in 
the United States in 2012. Coal is the fuel most commonly 
used for electricity generation. However, the electricity fuel mix in the 
United States is changing rapidly due to the increased availability and 
decreasing price of natural gas. (Data from U.S. Department of Energy, Energy 
Information Administration, 2013)

Cogeneration The use of a fuel to generate elec-
tricity and produce heat. Also known as combined 
heat and power.
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Math practice makes perfect.

Prepare for the Exam

Once you are comfortable with the math skills introduced, you’ll be prepared 
for quantitative problems on the exam.

Getting the Most from This Book  xix

MODULE 2 ■ Environmental Indicators and Sustainability  11

indicator, the current loss of biodiversity tells us that 
natural systems are facing strains unlike any in the recent 
past. We will look at this important topic in greater 
detail in Chapters 5 and 18.

Some measures of biodiversity are given in terms of 
land area, so becoming familiar with measurements of 
land area is important to understanding them. A hectare 
(ha) is a unit of area used primarily in the measurement of 
land. It represents 100 meters by 100 meters. In the 
United States we measure land area in terms of square 
miles and acres. However, the rest of the world measures 
land in hectares. “Do the Math: Converting Between 
Hectares and Acres” shows you how to do the  conversion.

Food Production

The second of our five global indicators is food 
 production: our ability to grow food to nourish the 
human population. Just as a healthy ecosystem supports 
a wide range of species, a healthy soil supports abundant 
and continuous food production. Food grains such as 
wheat, corn, and rice provide more than half the calo-
ries and protein humans consume. Still, the growth of 
the human population is straining our ability to grow 
and distribute adequate amounts of food.

In the past we have used science and technology to 
increase the amount of food we can produce on a given 
area of land. World grain production has increased 
fairly steadily since 1950 as a result of expanded irriga-
tion, fertilization, new crop varieties, and other innova-
tions. At the same time, worldwide production of grain 
per person, also called per capita world grain production, 
has leveled off. Figure 2.3 shows what might be a slight 
downward trend in wheat production since about 1985.

In 2008, food shortages around the world led to 
higher food prices and even riots in some places. Why 
did this happen? The amount of grain produced world-
wide is influenced by many factors. These factors 
include climatic conditions, the amount and quality of 
land under cultivation, irrigation, and the human labor 
and energy required to plant, harvest, and bring the 
grain to market. Grain production is not keeping up 
with population growth because in some areas the pro-
ductivity of agricultural ecosystems has declined as a 
result of soil degradation, crop diseases, and unfavorable 
weather conditions such as drought or flooding. In 
addition, demand is outpacing supply. While the rate of 
human population growth has outpaced increases in 
food production, humans currently use more grain to 
feed livestock than they consume themselves. Finally, 

some government policies discourage food 
production by making it more profitable for 
land to remain uncultivated or by encourag-
ing farmers to grow crops for fuels such as 
ethanol and biodiesel instead of food.

Will there be sufficient grain to feed the 
world’s population in the future? In the 
past, whenever a shortage of food has 
loomed, humans have discovered and 
employed technological or biological inno-
vations to increase production. However, 

do the  
math

Converting Between Hectares and Acres
In the metric system, land area is expressed in hectares. A hectare (ha) is 100 meters 
by 100 meters. In the United States, land area is most commonly expressed in 
acres. There are 2.47 acres in 1 ha. The conversion from hectares is relatively easy 
to do without a calculator; rounding to two significant figures gives us 2.5 acres  
in 1 ha. If a nature preserve is 100 ha, what is it size in acres?

100 ha × 2.5 acres = 250 acres

Your Turn A particular forest is 10,000 acres. Determine its size in hectares.

F i g u r e  2 . 3  World grain production per 
 person. Grain production has increased since the 
1950s, but it has recently begun to level off. (After http://
www.earth-policy.org/index.php?/indicators/C54)
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Do the Math

Among the biggest challenges on the AP® Environmental Science Exam are 
questions that ask you to solve environmental science math problems. “Do 
the Math” problems help you practice the math skills that you’ll need to 
tackle these problems on the exam.

Your Turn

Each “Do the Math” box has a “Your Turn” practice problem to help you 
review and practice the math skills introduced.
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TABLE 36.1 Comparison of nonrenewable energy fuels

Energy Type Advantages Disadvantages

Pollutant and 
greenhouse gas 
emissions Electricity (cents/kWh)

Energy return on energy 
investment*

Oil/gasoline •  Ideal for mobile 
combustion (high 
energy/mass ratio)

•  Quick ignition/turn-off 
capability

•  Cleaner burning than 
coal

•  Significant refining 
required

•  Oil spill potential effect 
on habitats near drilling 
sites

•  Significant dust and 
emissions from fossil 
fuels used to 
power earth-moving 
equipment

•  Human rights/ 
environmental 
justice issues in 
developing countries 
that export oil

•  Will probably be much 
less available in the next 
40 years or so

•  Second highest 
emitter of CO2 
among fossil fuels

•  Hydrocarbons
• Hydrogen sulfide

•  Relatively little electricity 
is generated from oil

4.0 (gasoline)
5.7 (diesel)

Coal •  Energy-dense and 
abundant—U.S. 
resources will last at 
least 200 years

•  No refining necessary
•  Easy, safe to transport
•  Economic backbone of 

some small towns

•  Mining practices 
frequently risk human 
lives and 
dramatically alter natural 
landscapes

•  Coal power plants are 
slow to reach full 
operating capacity

•  A large 
contributing factor to 
acid rain in the United 
States

•  Highest emitter of 
CO2 among energy 
sources

• Sulfur
•  Trace amounts of 

toxic metals such 
as mercury

5 cents/kWh 14

Natural Gas •  Cogeneration power 
plants can have 
efficiencies up to  
60%

•  Efficient for cooking, 
home heating, etc.

•  Fewer impurities than 
coal or oil

•  Risk of leaks/
explosions

•  Twenty-five times 
more effective as a 
greenhouse gas than 
CO2

•  Not available 
everywhere because it 
is transported by 
pipelines

• Methane
• Hydrocarbons
•  Hydrogen sulfide

6–8 cents/kWh 8

Nuclear Energy •  Emits no CO2 once 
plant is operational

•  Offers independence 
from imported oil

•  High energy density, 
ample supply

•  Very unpopular; 
generates protests

•  Plants are very 
expensive to build 
because of legal 
challenges

•  Meltdown could be 
catastrophic

•  Possible target for 
terrorist attacks

•  Radioactive waste 
is dangerous for 
hundreds of 
thousands of 
years

•  No long-term plan 
currently in place 
to manage 
radioactive waste

•  No air 
pollution during 
production

12–15 cents/kWh 8

*Estimates vary widely.
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Analyze and interpret visual data.
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(a) Low-food supply (b) High-food supply

F i g u r e  18 . 3  Gause’s experiments. (a) Under low-food conditions, the population sizes of two 
species of Paramecium initially increased rapidly, but then leveled off as their food supply became 
limiting. (b) When twice as much food was provided, both species attained population sizes that were 
nearly twice as large, but they again leveled off. (Data from Gause, 1932)

Bird populations are often regulated by density-
independent factors. For example, in the United 
Kingdom, a particularly cold winter can freeze the sur-
faces of ponds, making amphibians and fish inaccessible 

MODULE 18 ■ Review  195

to wading birds such as herons. With their food supply 
no longer available, herons would have an increased risk 
of starving to death, regardless of whether the heron 
population is at a low or a high density.

In this module, we learned that nature exists at a se-
ries of different levels of complexity, which include 
individuals, populations, communities, and ecosys-
tems. We then examined the level of the population 
and observed that populations possess a number of 
characteristics that can be used to describe them, in-
cluding their abundance and distribution. Finally, 

we discussed how density-dependent factors can reg-
ulate populations more strongly as populations grow 
whereas density-independent factors can regulate 
populations at any population size. In the next mod-
ule, we will see how scientists use mathematical 
models of populations to obtain insights into how 
populations change in abundance over time.

Module 18 AP® Review Questions
1. Which is the correct order of ecological levels from 

basic to complex?
(a) Individual, population, ecosystem, biosphere, 

community
(b) Individual, community, ecosystem, population, 

biosphere
(c) Individual, population, community, ecosystem, 

biosphere
(d) Ecosystem, biosphere, community, population, 

individual
(e) Individual, population, community, biosphere, 

ecosystem

2. Population distribution is
(a) often clumped in response to predation.
(b) used by wildlife managers when regulating 

 hunting and fishing.
(c) measured relative to other species.
(d) uniform in most tree species.
(e) important when estimating the number of 

 offspring expected.

RE viE w

m o d u l e 

18

Friedland2e_c06_188-223hr_pv4.0.1.indd   195 10/9/14   11:47 AM

Population Density

Population density is the number of individuals per 
unit area (or volume, in the case of aquatic organisms) 
at a given time. Knowing a population’s density, in 
addition to its size, can help scientists estimate whether 
a species is rare or abundant. For example, the density 
of coyotes (Canis latrans) in some parts of Texas might 
be only 1 per square kilometer, but in other parts of 
the state it might be as high as 12 per square kilometer. 
Scientists also study population density to determine 

Population density The number of individuals per 
unit area at a given time.

Population distribution A description of how 
individuals are distributed with respect to one another.

Sex ratio The ratio of males to females in a 
population.

F i g u r e  18 . 2  Population distributions. Populations in nature 
distribute themselves in three ways. (a) Many of the tree species in this 
New England forest are randomly distributed, with no apparent pattern 
in the locations of individuals. (b) Territorial nesting birds, such as these 
Australasian gannets (Morus serrator), exhibit a uniform distribution,  
in which all individuals maintain a similar distance from one another.  
(c) Many pairs of eyes are better than one at detecting  approaching 
predators. The clumped distribution of these meerkats (Suricata 
 suricatta ) provides them with extra protection. (a: David R. Frazier 
 Photolibrary, Inc./Science Source; b: Michael Thompson/Earth Scenes/ 
Animals Animals; c: Clem Haagner/ARDEA)

(a) Random distribution

(b) Uniform distribution

(c) Clumped distribution

whether a population in a particular location is so 
dense that it might outstrip its food supply.

Population density can be a particularly useful 
measure for wildlife managers who must set hunting 
or fishing limits on a species. For example, managers 
may divide the entire population of an animal species 
that is hunted or fished into management zones. 
Management zones may be designated political areas, 
such as counties, or areas with natural boundaries, 
such as the major water bodies in a state. Wildlife 
managers might offer more hunting or fishing permits 
for zones with a high-density population and fewer 
permits for zones with a low-density population.

Population Distribution

In addition to population size and density, population 
ecologists are interested in how a population occupies 
space. Population distribution is a description of how 
individuals are distributed with respect to one another. 
Figure 18.2 shows three types of population distribu-
tions. In some populations, such as a population of trees 
in a natural forest, the distribution of individuals is ran-
dom (Figure 18.2a). In other words, there is no pattern 
to the locations where the individual trees grow.

In other populations, such as a population of trees 
in a plantation, the distribution of individuals is 
 uniform, or evenly spaced (Figure 18.2b). Uniform 
distributions are common among territorial animals, 
such as nesting birds that defend areas of similar sizes 
around their nests. Uniform distributions are also 
observed among plants that produce toxic chemicals 
to prevent other plants of the same species from 
 growing close to them.

In still other populations, the distribution of indi-
viduals is clumped (Figure 18.2c). Clumped distributions, 
which are common among schooling fish, flocking 
birds, and herding mammals, are often observed  
when living in large groups provides enhanced feeding 
 opportunities or protection from predators.

Population Sex Ratio

The sex ratio of a population is the ratio of males to 
females. In most sexually reproducing species, the sex 
ratio is usually close to 50:50, although sex ratios can 
be far from equal in some species. In fig wasps, for 
example, there may be as many as 20 females for every 
male. Because the number of offspring produced is 

MODULE 18 ■ The Abundance and Distribution of Populations  193
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The best-known and most significant human alteration 
of the carbon cycle is the combustion of fossil fuels. This 
process releases fossilized carbon into the atmosphere, 
which increases atmospheric carbon concentrations and 
upsets the balance between Earth’s carbon pools and the 
atmosphere. The excess CO2 in the atmosphere acts to 
increase the retention of heat energy in the biosphere. 
The result, global warming, is a major concern among 
environmental scientists and policy makers.

Tree harvesting is another human activity that can 
affect the carbon cycle. Trees store a large amount of 

carbon in their wood, both above and below ground. 
The destruction of forests by cutting and burning 
increases the amount of CO2 in the atmosphere. Unless 
enough new trees are planted to recapture the carbon, 
the destruction of forests will upset the balance of CO2. 
To date, large areas of forest, including tropical forests as 
well as North American and European temperate for-
ests, have been converted into pastures, grasslands, and 
croplands. In addition to destroying a great deal of bio-
diversity, this destruction of forests has added large 
amounts of carbon to the atmosphere. The increases in 

Dissolved CO2

Consumers

Decomposers

Producers

Consumers

Decomposers

Producers

Fossil fuels

Sedimentary
rocks

Atmospheric
 CO2

Exchange

Extraction

Photosynthesis

CO2 is converted
into sugars.

Human extraction
of fossil fuels
brings carbon to 
Earth’s surface,
where it can
be combusted.

Calcium carbonate
precipitates out of the
water as sediments.

Sugars are converted 
back into CO2.

Some carbon
can be buried.

CO2 in the atmosphere
and CO2 dissolved in
water are constantly 
exchanged.

Fossil fuels and
plant matter are 
converted into CO2.

Sedimentation

CombustionVolcanic
sources

Respiration

Respiration

Photosynthesis

Burial

Burial

Fires

F i g u r e  7. 2  The carbon cycle. Producers take up carbon from the atmosphere via photosynthesis 
and pass it on to consumers and decomposers. Some inorganic carbon sediments out of the water to form 
sedimentary rock while some organic carbon may be buried and become fossil fuels. Respiration by organisms 
returns carbon to the atmosphere and water. Combustion of fossil fuels and other organic matter returns carbon 
to the atmosphere.
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Friedland2e_c03_066-101hr_pv6.0.1.indd   83 10/9/14   11:45 AM

Photos and Illustrations

The photos and illustrations in this book are more than just 
pretty pictures. They have been carefully chosen and devel-
oped to help you comprehend and remember the key ideas.

Tables and Graphs

To understand environmental science and succeed on 
the exam, you need to engage in the scientific practice 
of analyzing and interpreting a variety of tables, graphs, 
and charts.
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Review and practice for quizzes and tests.
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In this module, we have seen how specific aspects of the 
scientific method are used to conduct field and labora-
tory evaluations of how human activity affects the nat-
ural environment. The scientific method  follows a pro-
cess of observations and questions, testable hypotheses 
and predictions, and data collection. Results are inter-

preted and shared with other  researchers. Experiments 
can be either controlled (manipulated) experiments or 
natural experiments that make use of natural events. 
There are often challenges in environmental science 
including the lack of baseline data and the interactions 
with social factors such as human preferences.

Module 3 AP® Review Questions
1. The first step in the scientific process is

(a) collecting data.
(b) observations and questions.
(c) forming a hypothesis.
(d) disseminating findings.
(e) forming a theory.

Use the following information for questions 2 and 3:
  Two new devices for measuring lead contamina-

tion in water are tested for accuracy. Scientists test 
each device with seven samples of water known to 
contain 400 ppm of lead. Their data is shown below. 
Concentration is in parts per billion.

Water 
Sample 1 2 3 4 5 6 7

Device 1 415 417 416 417 415 416 416
Device 2 398 401 400 402 398 400 399

2. The data from device 1 is
(a) accurate, but not precise.
(b) precise, but not accurate.
(c) both accurate and precise.
(d) neither accurate nor precise.
(e) not clear enough to support any conclusion 

about accuracy or precision.

3. Assuming the devices were used correctly, and 
 assuming we want to choose a device that  
accurately reflects the true concentration of lead in 

the water samples, which conclusion does the data 
support?
(a) Device 1 is superior to device 2 because it is 

more precise.
(b) Device 2 is superior to device 1 because it is 

more precise.
(c) Device 1 is superior to device 2 because it is 

more accurate.
(d) Device 2 is superior to device 1 because it is 

more accurate.
(e) Both devices are equally effective at measuring 

contaminates.

4. Challenges in the study of environmental science in-
clude all of the following except
(a) dangers of studying natural systems.
(b) lack of baseline data.
(c) subjectivity of environmental impacts.
(d) complexity of natural systems.
(e) complex interactions between humans and the 

environment.

5. A control group is
(a) a group with the same conditions as the 

experimental group.
(b) a group with conditions found in nature.
(c) a group with a randomly assigned population.
(d) a group with the same conditions as the 

experimental group except for the study variable.
(e) a group that is kept at the same conditions 

throughout the experiment.

re vie w

m o d u l e 
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c h a p t e r 

1
re vie w

Throughout this chapter, we have outlined principles, 
techniques, and methods that will allow us to approach 
environmental science from an interdisciplinary per-
spective as we evaluate the current condition of Earth 
and the ways that human beings have influenced it. We 
identified that we can use environmental indicators to 
show the status of specific environmental conditions in 

the past, at present, and, potentially, into the future. 
These indicators and other environmental metrics 
must be measured using the same scientific process 
used in other fields of science. Environmental science 
does contain some unique challenges because there is 
no undisturbed baseline—humans began manipulating 
Earth long before we have been able to study it.

Key Terms

Fracking
Environment
Environmental science
Ecosystem
Biotic
Abiotic
Environmentalist
Environmental studies
Ecosystem services
Environmental indicators
Biodiversity
Genetic diversity

Species
Species diversity
Speciation
Background extinction rate
Greenhouse gases
Anthropogenic
Development
Sustainability
Sustainable development
Biophilia
Ecological footprint
Scientific method

Hypothesis 
Null hypothesis
Replication
Sample size
Accuracy
Precision
Uncertainty
Theory
Control group
Natural experiment

Learning Objectives Revisited

Module 1  Environmental Science

• Define the field of environmental science and 
discuss its importance.
Environmental science is the study of the interac-
tions among human-dominated systems and natural 
systems and how those interactions affect environ-
ments. Studying environmental science helps us 
identify, understand, and respond to anthropogenic 
changes.

• Identify ways in which humans have altered 
and continue to alter our environment.
The impact of humans on natural systems has been 
significant since early humans hunted some large 
animal species to extinction. However, technology 
and population growth have dramatically increased 
both the rate and the scale of human-induced 
change.

Module 2  Environmental Indicators and 
Sustainability

• Identify key environmental indicators and 
their trends over time.
Five important global-scale environmental indica-
tors are biological diversity, food production, aver-
age global surface temperature and atmospheric CO2 
concentrations, human population, and resource 
depletion. Biological diversity is decreasing as a 
result of human actions, most notably habitat 
destruction and habitat degradation. Food produc-
tion appears to be leveling off and may be decreas-
ing. Carbon dioxide concentrations are steadily 
increasing as a result of fossil fuel combustion and 
land conversion. Human population continues to 
increase and probably will continue to do so 
throughout this century. Resource depletion for 
most natural resources continues to increase.
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Module Review

Solidify your understanding by reviewing the 
main ideas in each module review.

Exam Prep All Year

Each module ends with multiple-choice ques-
tions similar to those on the AP® exam. 
Practicing your test-taking strategies for 
 multiple-choice questions throughout the year 
will pay off when you take the exam.

Chapter Review

At the end of each chapter, take time to review 
the main ideas and key terms.

Learning Objectives Revisited

Check your notes against summaries of the 
learning objectives for each module in the 
chapter.
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Prepare and practice for the AP® Environmental  
Science Exam.

Chapter AP® Environmental Science Practice Exam

When you finish a chapter take the practice exam to check your understanding 
of the main ideas. The practice exam will help you become familiar with the 
style of questions on he AP® Environmental Science Exam.

xxii  Getting the Most from This Book
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Chapter 1 AP® Environmental Science Practice Exam

• Define sustainability and explain how it can 
be measured using the ecological footprint.
Sustainability is the use of Earth’s resources to meet 
our current needs without jeopardizing the ability of 
future generations to meet their own needs. The eco-
logical footprint is the land area required to support a 
person’s (or a country’s) lifestyle. We can use that 
information to say something about how sustainable 
that lifestyle would be if it were adopted globally.

Module 3  Scientifc Method
• Explain the scientific method and its application 

to the study of environmental problems.
The scientific method is a process of observation, 
hypothesis generation, data collection, analysis of 

results, and dissemination of findings. Repetition 
of measurements or experiments is critical if one 
is to determine the validity of findings. Hypotheses 
are tested and often modified before being 
accepted.

• Describe some of the unique challenges and 
limitations of environmental science.
We lack an undisturbed “control planet” with 
which to compare conditions on Earth today. 
Assessments and choices are often subjective 
because there is no single measure of environmen-
tal quality Environmental systems are so complex 
that they are poorly understood, and human pref-
erences and policies may affect them as much as do 
natural laws.

Section 1: Multiple-Choice Questions

Choose the best answer for questions 1–11.

1. Which of the following events has increased the 
 impact of humans on the environment?

 I. advances in technology
 II. reduced human population growth
 III. use of tools for hunting

(a) I only
(b) I and II only
(c) II and III only
(d) I and III only
(e) I, II, and III

2. As described in this chapter, environmental indicators
(a) always tell us what is causing an environmental 

change.
(b) can be used to analyze the health of natural 

 systems.
(c) are useful only when studying large-scale 

changes.
(d) do not provide information regarding 

sustainability.
(e) take into account only the living components of 

ecosystems.

3. Which statement regarding a global environmental 
indicator is NOT correct?
(a) Concentrations of atmospheric carbon dioxide 

have been rising quite steadily since the 
 Industrial Revolution.

(b) World grain production has increased fairly 
steadily since 1950, but worldwide production of 
grain per capita has decreased dramatically over 
the same period.

(c) For the past 130 years, average global surface 
temperatures have shown an overall increase that 
seems likely to continue.

(d) World population is expected to be between  
8.1 billion and 9.6 billion by 2050.

(e) Some natural resources are available in finite 
amounts and are consumed during a one-time 
use, whereas other finite resources can be used 
multiple times through recycling.

4. Figure 2.5 (on page 12) shows atmospheric carbon 
dioxide concentrations over time. The measured 
concentration of CO2 in the atmosphere is an 
 example of
(a) a sample of air from over the Antarctic.
(b) an environmental indicator.
(c) replicate sampling.
(d) calculating an ecological footprint.
(e) how to study seasonal variation in Earth’s 

 temperatures.

5. Environmental metrics such as the ecological  footprint 
are most informative when they are  considered along 
with other environmental  indicators. Which indicator, 
when considered in  conjunction with the ecological 
footprint, would provide the most information about 
environmental impact?
(a) biological diversity
(b) food production
(c) human population
(d) CO2 concentration
(e) water quality

6. In science, which of the following is the most certain?
(a) hypothesis (d) observation
(b) idea (e) theory
(c) natural law
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7. All of the following would be exclusively caused by 
anthropogenic activities except
(a) combustion of fossil fuels.
(b) overuse of resources such as uranium.
(c) forest clearing for crops.
(d) air pollution from burning oil.
(e) forest fires.

8. Use Figure 2.3 (on page 11) to calculate the 
approximate percentage change in world grain 
production per person between 1950 and 2000.
(a) 10 percent (d) 40 percent
(b) 20 percent (e) 50 percent
(c) 30 percent

9. The populations of some endangered animal species 
have stabilized or increased in numbers after human  
intervention. An example of a species that is still endan-
gered and needs further assistance to recover is the
(a) American bison. (d) American alligator.
(b) peregrine falcon. (e) snow leopard.
(c) bald eagle.

Questions 10 and 11 refer to the following experimental 
scenario:

An experiment was performed to determine the effect of 
caffeine on the pulse rate of five healthy 18-year-old males. 
Each was given 250 mL of a beverage with or without 
caffeine. The men had their pulse rates measured before 
they had the drink (time 0 minutes) and again after they 
had been sitting at rest for 30 minutes after consuming the 
drink. The results are shown in the following table.

  Caffeine Pulse rate Pulse rate 
  content at time at time 
Subject Beverage (mg/mL) 0 minutes 30 minutes

1 Water 0 60 59

2 Caffeine-free 0 55 56 
 soda

3 Caffeinated  10 58 68 
 soda 

4 Coffee, 3 62 67 
 decaffeinated

5 Coffee, regular 45 58 81

10. Before the researchers began the experiment, they 
formulated a null hypothesis. The best null hypothesis 
for the experiment would be that caffeine
(a) has no observable effect on the pulse rate of an 

individual.
(b) will increase the pulse rates of all test subjects.
(c) will decrease the pulse rates of all test subjects.
(d) has no observable effects on the pulse rates of 

18-year-old males.
(e) from a soda will have a greater effect on pulse 

rates than caffeine from coffee.

11. After analyzing the results of the experiment, the 
most appropriate conclusion would be that caffeine
(a) increased the pulse rates of the 18-year-old males 

tested.
(b) decreased the pulse rates of the 18-year-old 

males tested.
(c) will increase the pulse rate of any individual that 

is tested.
(d) increases the pulse rate and is safe to consume.
(e) makes drinks better than decaffeinated beverages.

Section 2: Free-response Questions

Write your answer to each part clearly. Support your 
answers with relevant information and examples.  
Where calculations are required, show your work.

1. Your neighbor has fertilized her lawn. Several weeks 
later, she is alarmed to see that the surface of her 
ornamental pond, which sits at the bottom of the 
sloping lawn, is covered with a green layer of algae.
(a) Suggest a feasible explanation for the algal bloom 

in the pond. (2 points)
(b) Design an experiment that would enable you to 

validate your explanation. Include and label in 
your answer:

  (i) a testable hypothesis (2 points)
  (ii) the variable that you will be testing  

  (1 point)
  (iii) the data to be collected (1 point)
  (iv) a description of the experimental  

  procedure (2 points)
  (v) a description of the results that would  

  validate your hypothesis (1 point)
(c) Based on the data from your experiment and 

your explanation of the problem, think of and 
suggest one action that your neighbor could take 
to help the pond recover. (1 point)

2. The study of environmental science sometimes 
involves examining the overuse of environmental 
resources.
(a) Identify one general effect of overuse of an 

environmental resource. (3 points)
(b) For the effect you listed above, describe a more 

sustainable strategy for resource utilization.  
(3 points)

(c) Describe how the events from Easter Island can 
be indicative of environmental issues on Earth 
today. (4 points)
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Multiple-Choice Questions

Each chapter exam begins with 
multiple-choice questions mod-
eled after those you’ll see on the 
exam. Many of the questions ask 
you to analyze or interpret 
tables, graphs, or figures.

Free-Response Questions

Chapter exams include two free-response 
questions. Points are assigned to indicate how 
a complete, correct answer would be scored on 
the AP® exam. The more practice you have in 
writing answers to free-response questions, the 
better you will do on the exam.
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Unit 1 AP® Environmental Science Practice Exam

Section 1: Multiple-Choice Questions

Choose the best answer for questions 1–20.

1. Which best describes how humans have altered 
natural systems?

 I. Overhunted many large mammals to extinction.
 II. Created habitat for species to thrive.
 III. Emitted greenhouse gases.

(a) I only
(b) I and II only
(c) II and III only

(d) I and III only
(e) I, II, and III

2. Which does NOT describe a benefit of biodiversity?
(a) Genetic biodiversity improves the ability of a 

population to cope with environmental change.
(b) Ecosystems with higher species diversity are 

more productive.
(c) Species serve as environmental indicators of 

global-scale problems.
(d) Speciation reduces natural rates of species 

extinction.
(e) Humans rely on ecological interactions among 

species to produce ecosystem services.

3. Which of the following is NOT a consequence of 
human population growth?
(a) Depletion of natural resources
(b) Background extinction
(c) Emission of greenhouse gases
(d) Rise in sea level
(e) Reduction in per capita food supply

4. An example of sustainable development is
(a) harvesting enough crops to provide the basic 

needs of all humans.
(b) increasing the price of vegetables.
(c) reducing the use of all major modes of 

transportation.
(d) creating renewable sources of construction 

material.
(e) enforcing laws that stop future development of 

cities.

5. The ecological footprint of a human is
(a) a measure of how much a human consumes, 

expressed in joules.
(b) a measure of human consumption, expressed in 

area of land.
(c) a measure of biodiversity loss stemming from 

industrial processes.
(d) a measure of plant biomass removed by a farmer.
(e) a measurement calculated through statistical 

methods. 

6. The greatest value of the scientific method is best 
stated as:
(a) The scientific method permits researchers a 

rapid method of disseminating findings.
(b) The scientific method removes bias from 

observation of natural phenomenon.
(c) The scientific method allows findings to be 

reproduced and tested.
(d) The scientific method promotes sustainable 

development.
(e) The scientific method reduces the complexity of 

experimental results.

7. Researchers conducted an experiment to test the 
hypothesis that the use of fertilizer near wetlands is 
associated with increased growth of algae. An 
appropriate null hypothesis would be:
(a) The use of fertilizer near wetlands is associated 

with an increase in fish biomass.
(b) Growth of algae in wetlands is never associated 

with increased fertilizer use.
(c) Application of fertilizers near wetlands is always 

associated with increased growth of algae.
(d) Fertilizer use near wetlands has no association 

with growth of algae.
(e) Fertilizer use near wetlands leads to increased 

growth of algae as a result of elevated nutrient 
concentrations.

Questions 8 and 9 refer to the following experiment:

Researchers designed an experiment to test the hypothe-
sis that air pollution positively correlates with the number 
of asthma-related problems among humans. To test this 
hypothesis, they compared medical records obtained from 
large hospitals in 10 major U. S. cities.

8. This experiment is an example of a
(a) controlled study.
(b) manipulative experiment.
(c) laboratory experiment.
(d) replication.
(e) natural experiment.

9. Results of the study indicated that cities with more air 
pollution had a higher number of patients with asthma. 
The most appropriate conclusion from this study is that
(a) air pollution causes asthma in humans.
(b) air pollution is a cause of asthma in humans.
(c) air pollution is associated with asthma in humans.
(d) there is no association between air pollution and 

asthma in humans.
(e) confounding variables make the results difficult 

to interpret.
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CUMULATIVE AP® ENVIRONMENTAL SCIENCE PRACTICE EXAM ■ EXAM-1

Section 1: Multiple-Choice Questions

Choose the best answer for questions 1–100.

1. Primary production is an example of
 I. an ecosystem service.
 II. an environmental indicator.
 III. heterotrophic activity.

(a) I only
(b) II only
(c) I and II
(d) II and III
(e) I, II, and III

2. Which of the following is likely to increase 
biodiversity within a biome?
(a) Landscape fragmentation
(b) Introduction of an invasive species
(c) Immigration of humans
(d) Speciation
(e) A disease epidemic

3. The United States produces 8 million tons of oranges 
in a single year. However, many orange crops are 
succumbing to a deadly invasive bacteria. If 10,000 
hectares of orange cropland are lost in a year to this 
bacteria, and a single acre can produce 20 tons of 
oranges, what percentage of the total orange crop is 
lost to the disease in a year? (Note that 1 hectare = 
2.5 acres.)
(a) 2 percent
(b) 6 percent
(c) 10 percent
(d) 20 percent
(e) 24 percent

Questions 4 and 5 refer to the following experiment:

A group of scientists wanted to test the effects of increased 
greenhouse gas concentrations on plant growth.  They 
 hypothesized that elevated levels of CO2 would increase 
plant biomass after 2 weeks, whereas elevated levels of 
N2O and CH4 would have no effect.  To test this 
hypothesis, they placed red maple (Acer rubrum) tree 
saplings in incubators, and then subjected each sapling to 
one of three treatments.  The treatments included 10 ppm 
of CO2, N2O, or CH4 gas above ambient concentrations. 
Each treatment had four replicates. After 2 weeks, they 
measured plant biomass.

4. Which is a flaw of this experiment?
(a) The experiment lacks a control treatment.
(b) 10 ppm is a negligible increase of CO2 relative to 

ambient concentrations.
(c) The hypothesis is actually a null hypothesis.
(d) The measured response variable does not relate 

to the hypothesis.
(e) N2O gas is not a greenhouse gas.

5. As hypothesized, the researchers found that plants 
exposed to elevated CO2 had increased biomass after 2 
weeks, whereas plants exposed to elevated N2O and 
CH4 did not exhibit any change in biomass. Which 
would be a deductive statement based solely on these 
results?
(a) Elevated levels of CO2 are due to global climate 

change.
(b) Reduced levels of CO2 due to global climate 

change will decrease red maple production.
(c) An observed increase in red maple production is 

probably due to elevated levels of CO2.
(d) Increases in red maple production in nature are 

probably not due to elevated levels of N2O or 
CH4.

(e) CH4 and N2O are not likely to be biologically 
important greenhouse gases for tree growth.

6. For radioactive elements, the transformation between 
a parent and daughter atom involves
(a) the creation of ionic bonds.
(b) a release of neutrons and energy.
(c) an increase in total energy.
(d) the transformation of chemical energy to 

 potential energy.
(e) the transformation of heat energy to kinetic 

 energy.

7. Which group of compounds is listed in order of 
increasing pH?
(a) OH−, H2O, CaCO3
(b) CaCl, LiCl, HCl
(c) NaOH, BaO, OH−

(d) NaOH, H2O, H2SO4
(e) HF, NaCl, NaOH

8. You have installed a solar-charged battery that can 
provide 4 MJ of electrical energy each day. 
Approximately how many 50 W bulbs can you run 
on the battery if each bulb is on for an average of  
1 hour per day?
(a) 3
(b) 10
(c) 22
(d) 32
(e) 45

cumulative AP® environmental science practice exam
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Write your answer to each part clearly. Support your 
answers with relevant information and examples. Where 
calculations are required, show your work.

1. The City of Philadelphia recently replaced one out of 
every 10 trash bins with solar-powered trash 
compactors.  The compactor is an enclosed unit with 
a door that opens for trash disposal.  The compactor 
automatically detects when the bin is full and uses a 
solar-powered mechanical crusher to compact the 
contents. When the compactor needs to be emptied, 
it sends an electronic signal. Use of solar-powered 
compactors has increased the capacity of public trash 
bins and has reduced the number of trash collection 
visits to each bin from 17 times per week to 5 times 
per week.
(a) Describe four positive externalities of installing 

solar-powered trash compactors. (2 points)
(b) Describe six cradle-to-grave components of 

 solar-powered trash compactors. (2 points)
(c) Suggest one way that the installation of solar-

powered trash compactors can reverse the effects 
of urban blight. (2 points)

(d) The price of a regular trash bin is $300, and it has 
a lifespan of 20 years.  The price of a solar- 
powered trash compactor is $4,000, and it has a 
lifespan of 10 years; it also requires approximately 
$150 in maintenance costs each year. On average, 
a trash collection visit costs $5 in fuel and $20 in 
employee salary. Based on this information, are 
solar-powered trash compactors economically 
beneficial? (2 points)

(e) Describe two ways that you might determine if 
solar-powered trash compactors are 
 environmentally beneficial. (2 points)

2. The country of Costa Rica has an abundance of 
climactic, geographic, and biological diversity. 
However, in the last century intensive farming and 
population growth have led to a 75 percent reduction 
in its forests. In the 1980s, the government of Costa 
Rica began to address concerns about the loss of 
forest with a series of political and environmental 
programs.  These programs, designed to generate 
more sustainable economic development, include 
land protection and conservation of biodiversity. 
(a) Costa Rica lies just north of the equator and 

contains a series of mountain ranges that run the 
entire length of the country.

 (i) Given its geographic location, what is likely  
 to be the prevailing wind pattern across the  
 country? (1 point)

 (ii)  Describe how mountain ranges contribute to 
the climactic, geographic, and biological 
 diversity observed in Costa Rica. (1 point)

(b) Given that Costa Rica is bordered by the 
 Atlantic and Pacific Oceans, how are weather 
patterns in the country likely to be affected by 
the El Niño–Southern Oscillation (ENSO)?  
(2 points)

(c) Describe four ecosystem services that are 
 provided through the protection of land and 
how the Costa Rican government may profit 
from each of them. (4 points)

(d) To promote economic sustainability, a large 
 proportion of land was protected through 
 debt- for-nature programs. Describe debt-for- 
nature programs and why they are effective.  
(2 points)

Section 2: Free-Response Questions
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Cumulative AP® Environmental Science Practice Exam

At the end of the text you will find a cumulative exam with 100 multiple-choice 
questions and 4 free-response questions. This exam matches the actual AP® 
Environmental Science exam in length and scope.

Unit AP® Environmental 
Science Practice Exam

The textbook is divided into 8 
major units. At the end of each 
unit, you are provided with a lon-
ger practice exam containing 20 
multiple-choice questions and 2 
free-response questions. These 
exams give you a chance to review 
material across multiple chapters 
and to practice your test-taking 
skills.
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3. The primary source of radon is
(a) electronics.
(b) indoor fires.
(c) household chemical fumes.
(d) rocks and soils.
(e) construction materials.

4. Sick building syndrome
(a) occurs most often in old buildings.
(b) is a primary cause of lung cancer.

(c) is a result of off-gassing.
(d) can be prevented by renovations.
(e) occurs most often in wet tropical areas.

5. Asbestos
(a) is used for insulation.
(b) can be easily removed and treated.
(c) can be a problem in new construction.
(d) causes skin irritation, nausea, and fatigue.
(e) is commonly used in furniture.

A New Cook Stove Design

 working toward sustainability

In China, India, and sub-Saharan Africa, people in 
80 to 90 percent of households cook food using wood, 
animal manure, and crop residues as their fuel. Since 
women do most of the cooking, and young children 
are with the women of the household for much of the 
time, it is the women and young children who receive 
the greatest exposure to carbon monoxide and particu-
late matter. When biomass is used for cooking, 
 concentrations of particulate matter in the home can 
be 200 times higher than the exposure limits recom-
mended by the EPA. A wide range of diseases has been 
associated with exposure to smoke from cooking. 
Earlier in this chapter, we described that indoor air 
pollution is responsible for 4 million deaths annually 
around the world, and indoor cooking is a major 
source of indoor air pollution.

There are hundreds of projects underway around 
the world to enable women to use more efficient 
cooking stoves, ventilate cooking areas, cook outside 
whenever possible, and change customs and practices 
that will reduce their exposure to indoor air pollution. 
The use of an efficient cook stove will have the added 
benefit of consuming less fuel. This improves air qual-
ity and reduces the amount of fuel needed, which has 
environmental benefits and also reduces the amount of 
time that a woman must spend searching for fuel.

Increasing the efficiency of the combustion process 
requires the proper mix of fuel and oxygen. One effec-
tive method of ensuring a cleaner burn is the use of a 
small fan to facilitate greater oxygen delivery. However, 
because most homes in developing countries with 
 significant indoor air pollution problems do not have 
access to electricity, some sort of internal source of 
energy for the fan is needed.

Two innovators from the United States developed 
a cook stove for backpackers and other outdoor 
enthusiasts who needed to cook a hot meal with little 
impact on the environment. They described their 
stove as needing no gasoline and no batteries, both 
desirable features for people carrying all their belong-
ings on their backs. They soon realized that their 
stove, which could burn wood, animal manure, or 
crop residue, could make an important contribution in 
the developing world. This stove, called BioLite, 
physically separates the solid fuel from the gases that 
form when the fuel is burned and allows the stove to 
burn the gases. In addition, a small electric fan, located 
inside the stove, harnesses energy from the heat of the 

BioLite cookstove. This small stove, and others like it, has the 
 potential to reduce the amount of frewood needed to cook a meal, and 
lower the amount of indoor air pollution emitted as well. (Jonathan den 
Hartog; courtesy of Jonathan Cedar, www.BioLiteStove.com)

Friedland2e_c15_516-551hr_pv3.0.1.indd   546 10/29/14   4:47 PM

CHAPTER 15 ■ Review  547

fire and moves air through the stove at a rate that 
ensures complete combustion. The result is a more 
efficient burn, less fuel use, and less release of carbon 
monoxide and particulate matter. The stove weighs 
0.7 kg (1.6 pounds).

How did the innovators manage to generate the 
electricity? They added a small semiconductor that 
generates electricity from the heat of the stove. All 
components of the stove except the semiconductor 
could be manufactured or repaired in a developing 
country. The BioLite stove won an international com-
petition in early 2009 for the lowest emission stove. It 
was also the only stove in the competition that 
required no additional electricity inputs to operate. 
The BioLite stove is commercially available. One 
review of it stated that “it charges your phone while 
cooking your dinner.”

There are many possible hurdles for those who are 
trying to introduce cleaner, more efficient cooking 
apparatus to the developing world. Manufacturing 
costs might make the stove difficult to afford for many. 
There has been some concern about possible  reluctance 

to accept a different kind of cooking appliance. 
However, a number of studies in the developing world 
suggest that most households are quite receptive to 
using efficient stoves because of the benefits of 
improved air quality and reduced time spent obtaining 
fuel. Other promising ways to reduce fuel use and 
improve indoor air quality include the solar cooker 
shown in Figure 39.2 on page 451.

Critical Thinking Questions
1. Why are women and children often the ones most 

exposed to indoor air pollution in developing 
countries?

2. How can technology offer solutions to cooking over 
open fires?

References
Bilger, B. 2009. Annals of Invention, Hearth Surgery, The 

New Yorker, December 21, p. 84; http://www.newyorker 
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In this chapter, we examined the major air pollutants 
and their natural and anthropogenic sources. We found 
that photochemical smog and acidic deposition are two 
air pollution problems that have had different outcomes, 
at least for now. Smog is still a problem in many locations 
around the world while acidic deposition has become 
less of a problem in North America and Europe. There 
are a variety of measures for controlling air pollution 
including pollution prevention and devices that remove 
pollutants from smokestacks before it is released into the 

atmosphere. Stratospheric ozone depletion has occurred 
because of the release of chlorofluorocarbons (CFCs) 
from refrigeration and air-conditioning units. Due to an 
international agreement, the Montreal Protocol on 
Substances That Deplete the Ozone Layer, there was a 
significant reduction in the use of CFCs and  stratospheric 
ozone depletion has been reduced. Indoor air pollution 
is a problem that occurs around the world, although 
with causes and pollutants that differ between  developing 
and developed countries. 

Key Terms

Air pollution
Particulate matter (PM) 
Particulates 
Particles
Haze
Photochemical oxidant
Ozone (O3)
Smog

Photochemical smog
Los Angeles–type smog 
Brown smog
Sulfurous smog 
London-type smog 
Gray smog
Industrial smog
Volatile organic compound (VOC)

Primary pollutant
Secondary pollutant
Thermal inversion
Inversion layer
Asbestos
Sick building syndrome
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What Happened to the Missing Salt?
At the beginning of the twentieth century, the City of 
Los Angeles needed more water for its inhabitants. As 
we saw at the beginning of Chapter 2, in 1913 the city 
designed a plan to redirect water away from Mono Lake 
in California. Before the Los Angeles Aqueduct was 
built, approximately 120 billion liters of stream water 
(31 billion gallons) flowed into Mono Lake in an aver-
age year. The City of Los Angeles altered the water 
balance of Mono Lake and at the same time caused a 
series of changes to the Mono Lake system that led to 
an increase in the salt concentration in Mono Lake. 

To understand the problems at Mono Lake, ecosys-
tem scientists had to examine water and chemical 
flows in natural waterways. Looking at the water and 
salt budgets of Mono Lake gave rise to observations, 
conclusions, and new studies on how human activities 
influence lakes. In a way, the City of Los Angeles con-
ducted an experiment of what happens if you stop the 
flow of water into a terminal lake. 

What is a terminal lake?
Mono Lake is a terminal lake because it is at the lowest 
point of the landscape: Water flows into the lake from 
rivers and streams and from precipitation, but does not 
flow out. However, in a typical year before Los Angeles 
began diverting water, the water level did not rise or fall 
at Mono Lake. The water exiting a terminal lake must 
balance with the water entering. If it does not, the lake 
will eventually either dry out or overflow its banks. But 
if the water level stays constant, and since Mono Lake is 
a terminal lake with no surface exits for liquid water, 
how is the water in balance? Mono Lake provides an 
excellent lesson in the mass balance of water: If the size 
of the pool does not change, then outputs must equal 
inputs. In this case, roughly the same amount of water 
that enters the lake must leave the lake. The only way 
this is possible is through evaporation. The input of 

water from streams must be equal to the output of water 
through evaporation. 

How did the salt balance change  
at Mono Lake?
Although we can make the assumption that the water 
in Mono Lake is in steady state in a typical year, the 
salt balance in the lake is not. By applying some of the 
principles we have learned in the first two chapters, we 
can make observations and draw conclusions about 
what has probably happened at Mono Lake. The 
stream water that entered Mono Lake contained salt, 
as all natural waters do. The salt content of this water 
flowing into Mono Lake varied, but a typical liter of 
lake water averaged 50 mg of salt. Note that 50 mg/L 
is equivalent to 50 parts per million. 

To calculate the total amount of salt that entered 
Mono Lake each year, we can multiply the concentra-
tion of salt, 50 mg per liter of water, by the number of 
liters of water flowing into the lake, before it was divert-
ed by the City of Los Angeles: 120 billion liters per year:

50 mg/L salt × 120 billion L/year = 6 trillion  
 mg salt/year

6 trillion mg salt/year ×
1 million kg 

1 trillion mg
= 6 million  

 kg salt/year

This is the annual input of salt by weight to Mono Lake. 
The lake today contains about 285 billion kilograms  
of dissolved salt, based on measurements and estimates 
conducted recently. 

At the yearly rate of salt input we have just calculated, 
how long would it take to accumulate that much salt, 
starting with no salt in the lake? We have just deter-
mined that the salt concentration of Mono Lake increas-
es by 6 million kilograms per year. Mono Lake contains 
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approximately 285 billion kilograms of dissolved salts 
today, so at the rate of stream flow before the diversion, 
it would have taken about 47,500 years to accumulate 
that much salt:

285 billion kg ÷ 6 million kg/year = 47,500 years

Does our calculation agree with the salt  
in Mono Lake?
Earth scientists believe that no water has flowed out of 
the Mono Lake basin since it was formed about 
120,000 years ago. Assuming that Earth’s climate hasn’t 
changed significantly over that time and that water 
inputs to Mono Lake have not changed drastically over 
that time period, what can we calculate about how 
much salt should be in the water of Mono Lake?

At today’s input rate, how much salt should be in 
the water of Mono Lake today?

6 million kg/year × 120,000 years = 720 billion kg 
 of dissolved salt
versus 285 billion kg estimated recently.

The calculated salt contents do not match. How can 
we explain the discrepancy?

The lake’s towering tufa formations, prominently 
featured in the photograph at the beginning of  
Chapter 2, hold the answer: Many of the salts that 
entered Mono Lake over time (including calcium, 
sodium, and magnesium) have precipitated—that is, 
solidified—out of the water to form the tufa rock. In this 
way, the salts have been removed from the water, but 
not from the Mono Lake system as a whole. Our analy-
sis of salts in Mono Lake is complete when we account 
for the salts removed from the lake as tufa. FIgURE SA1.1 
summarizes these inputs to and outputs from the Mono 
Lake system. And they show us how we can apply envi-
ronmental science to learn about natural processes in 
systems, and understand how humans impact natural 
systems, in this case by diverting water (FIgURE SA1.2).

Input:
Stream water 
and dissolved 
salts

Output:
Evaporation 
of water 
(leaving salts
behind)

Tufa towersDissolved salts

F i g u r e  S A1.1  The Mono Lake System. In this terminal lake 
system, inputs are from stream water while outputs are evaporated 
water only. All salts remain in the lake.

Questions
1. How did Los Angeles inadvertently conduct an 

experiment at Mono Lake?
2. What chemical principle causes terminal lakes to 

become more salty?
3. What is the reason for the discrepancy between the 

two calculations of salt content in Mono Lake?

Free-response Question 
Water that flows into Mono Lake contains a much 
smaller concentration of salt than the water already in 
the lake. This inflow tends to stratify, or float on top 
of existing water, because fresh water is less dense that 
salt water. As salt from the lower layer dissolves into 
the upper layer, nutrients from the bottom of the lake 
also rise to the surface. This exchange of nutrients is 
critical for the growth of algae in the surface waters. 
Recent research suggests that the reduction of water 
diversion from Mono Lake had unexpected results:

In 1995, the reduction of stream diversions from 
Mono Lake, combined with greater than average 
quantities of fresh water from snowmelt runoff, 
led to a rapid rise in water level. The large volume 
of fresh water from streams led to a long-term 
stratification of the lake, with fresh water on the 
surface and salt water on the bottom. Relative to 
baseline data taken before the initial stream diver-
sions, stratification has severely reduced the rate at 
which nutrients rise from the bottom of the lake. 
Long-term projections based on mathematical 
models suggest that the current degree of stratifi-
cation will persist for decades.

(a) List three potential consequences of reduced lake 
mixing. (3 points)

(b) Describe two adaptive management strategies 
that could reduce lake stratification in Mono 
Lake. (3 points)

(c) What is the chemical property of water that 
allows salt to dissolve? (2 points)

(d) Why would the mixing of salt water with fresh 
water be considered an example of increased 
entropy? (2 points)

F i g u r e  S A1. 2  Research at Mono Lake. This photo shows a 
scientist collecting a water sample at Mono Lake. (Henry Bortman/NASA)
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Working Toward Sustainability

At the end of each chapter read about 
people and organizations that are making 
a difference.

Critical Thinking Questions

Working Toward Sustainability provides questions that give you a chance to hone 
your critical thinking and writing skills.

Science Applied

At the end of each unit, the “Science 
Applied” feature offers you an oppor-
tunity to read about how the science 
you are learning is used to make deci-
sions about environmental issues.

Practice Free-Response Questions

Science Applied includes a free-response question related to the topic in 
the article.
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A hydraulic fracturing site like this one near 
Canton, Pennsylvania, can contain many 
features that are seen prominently here 
including a concrete pad, a drilling rig, and 
many storage containers. (Les Stone/Corbis)
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Our Earth

Module 1 Environmental Science

Module 2 Environmental Indicators and Sustainability

Module 3 Scientifc Method

c h a p t e r

1

The United States—like other devel-
oped countries—is highly dependent 
on fuels such as coal and oil that come 
from the remains of ancient plants and 
animals. However, the use of these fos-
sil fuels is responsible for many envi-
ronmental problems that include land 
degradation and the release of pollut-
ants into the air and water. Natural 
gas, also known as methane, is the 
least harmful producer of air pollution 
among the fossil fuels; it burns more 
completely and cleanly than coal or oil, 
and it contains fewer impurities.

Due to advances in technology, oil and 
mining companies have recently 
 increased their reliance on fracking. 

 Fracking, short for hydraulic fracturing, is 
a method of oil and gas extraction that 
uses high-pressure fluids to force open 
existing cracks in rocks deep under-
ground. This technique allows extraction 

of natural gas from locations that were 
previously so  difficult to reach that extrac-
tion was economically unfeasible. As a re-
sult, large quantities of natural gas are 
now available in the United States at a 

lower cost than before. A decade ago, 40 
percent of  energy in the United States was 
used to generate electricity with half of that 
energy coming from coal. As a result of 
fracking, electricity generation now uses 

less coal and more natural gas. Since 
coal emits more air pollutants—includ-
ing carbon dioxide—than does natural 
gas, increased fracking initially ap-
peared to be beneficial to the envi-
ronment.

Footage of fames shooting 
from kitchen faucets became 
popular on YouTube.

To Frack, Or Not to Frack 

Fracking Hydraulic  fracturing, a 
method of oil and gas extraction 
that uses high-pressure fluids to 
force open cracks in rocks deep 
underground.
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2  CHAPTER 1 ■ Environmental Science: Studying the State of Our Earth

T
he process of scientific inquiry builds on previous work and careful, sometimes 

lengthy, investigations. For example, we will eventually accumulate a body of 

knowledge on the effects of hydraulic fracturing of natural gas, but until we have 

this knowledge, we will not be able to make a fully informed decision about the policies 

of energy extraction. In the meantime, we may need to make interim decisions based 

on incomplete information. This uncertainty is one feature—and an exciting aspect—of 

environmental science.

To investigate important topics such as the extraction and use of fossil fuels, environ-

mental science relies on a number of indicators, methodologies, and tools. This  chapter 

introduces you to the study of the environment and outlines some of the important foun-

dations and assumptions you will use throughout your study. 

However, reports soon began ap-
pearing both in the popular press and 
in scientific journals about the negative 
consequences of fracking. Large 
amounts of water are used in the frack-
ing process with millions of gallons of 
water taken out of local streams and 
rivers and pumped down into each gas 
well. A portion of this water is later re-
moved from the well and must be 
properly treated after use to avoid con-
taminating local water bodies.

A variety of chemicals are added to 
the fracking fluid to facilitate the re-
lease of natural gas. Mining companies 
are not required to publicly identify all 
of these chemicals. Environmental sci-
entists and concerned citizens began 
to wonder if fracking was responsible 
for chemical contamination of under-
ground water and, in one case, the 
 poisoning of livestock. Some drinking-
water wells near fracking sites became 
contaminated with natural gas, and 
homeowners and public health officials 
asked if fracking was the culprit. Water 
with high concentrations of natural gas 
can be flammable, and footage of 
flames shooting from kitchen faucets 
after someone ignited the water be-
came popular on YouTube, in docu-
mentaries, and in feature films. 

However, it wasn’t clear if fracking 
caused natural gas to contaminate well 
water or if some of these wells con-
tained natural gas long before fracking 
began. Several reputable studies 
showed that drinking-water wells near 
some fracking sites were contaminat-
ed, with natural gas concentrations in 
the nearby wells being much higher 
than in more distant wells. These is-
sues need further study, which may 
take years.

Scientists have begun to assess how 
much natural gas escapes during the 
fracking and gas extraction process. As 
we will learn in Chapter 19, methane is 
a greenhouse gas and is much more ef-
ficient at trapping heat from Earth than 
carbon dioxide, which is the greenhouse 
gas most commonly produced by hu-
man activity. As the number of potential 
environmental issues associated with 
fracking began to increase, environ-
mental scientists and activists began to 
ask whether fracking was making the 
greenhouse problem and other environ-
mental problems worse. By 2014, it ap-
peared that opponents of fracking were 
as numerous as supporters.

Certainly, using natural gas is better 
for the environment than coal, though 
using less fossil fuel—or using no 

fossil fuel at all—would be even better. 
However, at present it is difficult to 
know whether the benefits of using 
natural gas outweigh the problems that 
extraction causes. Many years may 
pass before the extent and nature of 
harm from fracking is known.

The story of natural gas fracking pro-
vides a good introduction to the study of 
environmental science. It shows us that 
human activities that are initially 
 perceived as causing little harm to the 
environment can in fact have adverse 
effects, and that we may not recognize 
these effects until we better understand 
the science surrounding the issue. It 
also illustrates the difficulty in obtaining 
absolute answers to questions about the 
environment and demonstrates that 
 environmental science can be contro-
versial. Finally, it shows us that making 
assessments and choosing appropriate 
actions in environmental science are not 
always as clear-cut as they first appear.

Sources:  
S. G. Osborn et al., Methane contamination of 
drinking water accompanying gas-well drilling 
and hydraulic fracturing, Proceedings of the 
National Academy of Sciences 108 (2011): 
8172–8176; Drilling down. Multiple authors in 
2011 and 2012. New York Times, viewed at: 
http://www.nytimes.com/interactive/us 
/DRILLING_DOWN_SERIES.html.
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ponents that influence one another by exchanging 
energy or materials. We have already seen that a 
change in one part of a system—for example, fracking 
in a particular geologic formation—can cause changes 
throughout the entire system, such as in a nearby well 
that supplies drinking water.

An environmental system may be completely 
human-made, like a subway system, or it may be 
natural, like weather. The scope of an environmental 
scientist’s work can vary from looking at a small popu-
lation of individuals, to multiple populations that make 
up a species, to a community of interacting species, or 
to even larger systems, such as the global climate sys-
tem. Some environmental scientists are interested in 
regional problems. The specific case of fracking at a 
particular location in the United States, for example, is 
a regional problem. Other environmental scientists 

Environmental science offers 
important insights into our world 
and how we influence it

Stop reading for a moment and look up to observe 
your surroundings. Consider the air you breathe, the 
heating or cooling system that keeps you at a comfort-
able temperature, and the natural or artificial light that 
helps you see. Our environment is the sum of all the 
conditions surrounding us that influence life. These 
conditions include living organisms as well as nonliv-
ing components such as soil, temperature, and water. 
The influence of humans is an important part of the 
environment as well. The environment we live in 
determines how healthy we are, how fast we grow, 
how easy it is to move around, and even how much 
food we can obtain. One environment may be strik-
ingly different from another—a hot, dry desert versus 
a cool, humid tropical rainforest, or a coral reef teem-
ing with marine life versus a crowded city street.

We are about to begin an examination of environ-
mental science, the field of study that looks at inter-
actions among human systems and those found in 
nature. By system we mean any set of interacting com-

m o d u l e

Environmental Science 1
Humans are dependent on Earth’s air, water, and soil for our existence. However, 
we have altered the planet in many ways, both large and small. The study of 
environmental science can help us understand how humans have changed the 
planet and identify ways of responding to those changes.

Learning Objectives

After reading this module you should be able to

• define the field of environmental science and discuss its importance.

• identify ways in which humans have altered and continue to alter our  environment.

Environment The sum of all the conditions 
 surrounding us that influence life.

Environmental science The field of study that looks 
at interactions among human systems and those found 
in nature.
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4  CHAPTER 1 ■ Environmental Science: Studying the State of Our Earth

So what does the study of environmental science 
actually include? As FIGURE 1.1 shows, environmental 
science encompasses topics from many scientific disci-
plines, such as chemistry, biology, and Earth science. 
Environmental science is itself a subset of the broader 
field known as environmental studies, which 
includes additional subjects such as environmental 
policy, economics, literature, and ethics. Throughout 
the course of this book you will become familiar with 
these and many other disciplines.

We have seen that environmental science is a  
deeply interdisciplinary field. It is also a rapidly grow-
ing area of study. As human activities continue to 
affect the environment, environmental science can 
help us understand the consequences of our interac-
tions with our planet and help us make better decisions 
about our actions.

Humans alter natural systems

Think of the last time you walked in a wooded area. 
Did you notice any dead or fallen trees? Chances are 
that even if you did, you were not aware that living 
and nonliving components were interacting all around 
you. Perhaps an insect pest killed the tree you saw and 
many others of the same species. Over time, dead trees 
in a forest lose moisture. The increase in dry wood 
makes the forest more vulnerable to intense wildfires. 
But the process doesn’t stop there. Wildfires trigger 
the germination of certain tree seeds, some of which 
lie dormant until after a fire. And so what began with 
the activity of insects leads to a transformation of the 
forest. In this way, biotic factors interact with abiotic 
factors to influence the future of the forest. All of these 
factors are part of a system.

Systems can vary in size. A large system may con-
tain many smaller systems within it. FIGURE 1.2 shows 
an example of complex, interconnecting systems that 
operate at multiple space and time scales: the fisheries 
of the North Atlantic. A physiologist who wants to 
study how codfish survive in the North Atlantic’s 
freezing waters must consider all the biological 
 adaptations of the cod that enable it to be part of one 
system. In this case, the fish and its internal organs are 
the system being studied. In the same environment, a 
marine biologist might study the predator-prey rela-
tionship between cod and herring. That relationship 
constitutes another system, which includes two fish 
species and the environment they live in. At an even 
larger scale, a scientist might examine a system that 
includes all of these systems as well as people, fishing 
technology, policy, and law. The global environment 
is composed of both small-scale and large-scale 
 systems.

work on global issues, such as species extinction and 
climate change.

Many environmental scientists study a specific type 
of natural system known as an ecosystem. An ecosystem 
is a particular location on Earth with interacting com-
ponents that include living, or biotic, components and 
nonliving, or abiotic, components.

As a student of environmental science, you should 
recognize that environmental science is different from 
environmentalism, which is a social movement that seeks 
to protect the environment through lobbying, activ-
ism, and education. An environmentalist is a person 
who participates in environmentalism. In contrast, an 
environmental scientist, like any scientist, follows the 
process of observation, hypothesis testing, and field 
and laboratory research. We’ll learn more about the 
process of science later in this chapter.

Environm
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F I G U R E  1 .1  Environmental studies. The study of environmental 
science uses knowledge from many disciplines.

Ecosystem A particular location on Earth with 
interacting biotic and abiotic components.

Biotic Living.

Abiotic Nonliving.

Environmentalist A person who participates in 
environmentalism, a social movement that seeks 
to protect the environment through lobbying, 
activism, and education.

Environmental studies The field of study that 
includes environmental science and additional 
subjects such as environmental policy, 
economics, literature, and ethics.
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unintentionally—for example, by our activities that gen-
erate pollution. Even where we don’t manipulate the 
environment directly, the simple fact that there are so 
many of us affects our surroundings.

Humans and our direct ancestors (other members of 
the genus Homo) have lived on Earth for about 2.5 million  
years. During this time, and especially during the last 
10,000 to 20,000 years, we have shaped and influenced 
our environment. As tool-using, social animals, we have 
continued to develop a capacity to directly alter our 
environment in substantial ways. Homo  sapiens— 
genetically modern humans—evolved to be successful 
hunters; when they entered a new environment, they 
often hunted large animal species to extinction. In fact, 
early humans are thought to be responsible for the 
extinction of mammoths, mastodons, giant ground 
sloths, and many types of birds. More recently, hunting 
in North America led to the extinction of the passenger 
pigeon (Ectopistes migratorius) and nearly caused the loss 
of the American bison (Bison bison).

But the picture isn’t all bleak. Human activities 
have also created opportunities for certain species to 
thrive. For example, for thousands of years Native 
Americans on the Great Plains used fire to capture 
animals for food. The fires they set kept trees from 
encroaching on the plains, which in turn created a 
window for an entire ecosystem to develop. Because 
of human activity, this ecosystem—the tallgrass 
 prairie—is now home to numerous unique species.

During the last two centuries, the rapid and wide-
spread development of technology, coupled with 
dramatic human population growth, has substantially 
increased both the rate and the scale of our global 
environmental impact. Modern cities with electricity, 
running water, sewer systems, Internet connections, 
and public transportation systems have improved 
human well-being, but they have come at a cost. 
Because cities cover land that was once natural habi-
tat, species that relied on that habitat must adapt, 
relocate, or go extinct. Human-induced changes in 
climate—for example, in patterns of temperature and 
precipitation—affect the health of natural systems on 
a global scale. Current changes in land use and cli-
mate are rapidly outpacing the rate at which natural 
systems can evolve. Some species have not “kept up” 
and can no longer compete in the human-modified 
environment.

Moreover, as the number of people on the planet 
has grown, their effect has multiplied. Six thousand 
people can live in a relatively small area with only 
minimal effects on the environment. But when  
roughly 4 million people live in a modern city like Los 
Angeles, their combined activity will cause environ-
mental damage that will inevitably pollute the water, 
air, and soil as well as introduce other adverse conse-
quences (FIGURE 1.3).

Humans manipulate the systems in their environment 
more than any other species. We convert land from its 
natural state into urban, suburban, and agricultural areas. 
We change the chemistry of our air, water, and soil, both 
intentionally—for example, by adding fertilizers—and 
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FPO

F I G U R E  1 . 2  Systems within systems. The boundaries of 
an environmental system may be defned by the researcher’s point of 
view. Physiologists, marine biologists, oceanographers, and fsheries 
managers would all describe the North Atlantic Ocean fsheries system 
differently.

A fisheries manager 
is interested in a 
larger system, 
consisting of fish 
populations as well 
as human activities 
and laws.

To a marine 
biologist, the 
predator-prey 
relationship 
between two fish 
species forms a 
system.

To a physiologist, 
a cod is a system.

For an
oceanographer,
the system might 
consist of ocean 
currents and their 
effects on fish 
populations.

Cod
Herring

Current
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6  CHAPTER 1 ■ Environmental Science: Studying the State of Our Earth

In this module we have seen that the study of  
environmental science helps us understand the role 
humans have played in the natural environment, 
and how that role has changed over time. There are 
specific approaches to the study of environmental 

science, some of which utilize terms and concepts 
from other disciplines. To study environmental sci-
ence, we utilize specif ic techniques and environ-
mental indicators, the focus of the next module.

Module 1 AP® Review Questions
1. Impacts of fracking include
 I contamination of ground water.
 II increased use of coal.
 III lower natural gas prices.

(a) I only
(b) I and II only
(c) II and III only
(d) I and III only
(e) I, II, and III

2. Which of the following is an abiotic component?
(a) an eagle
(b) a rock
(c) a tree
(d) a human
(e) a virus

3. Which of the following is NOT true about  
ecosystems?
(a) They include biotic components.
(b) They can be a wide range of sizes.
(c) They include no human components.
(d) Many interactions among species occur in them.
(e) They include abiotic components.

4. Each of the following is an example of how humans 
have negatively affected the environment except
(a) hunting large mammals.
(b) conversion of arid land to agricultural use.
(c) the use of fire to create the Great Plains.
(d) slash-and-burn forest clearing.
(e) fertilizer additions to lakes and rivers.

RE VIE W

m o d u l e

1

F I G U R E  1 . 3  Human impact on Earth. It is impossible for millions of people to inhabit an area without 
altering it. (a) In 1880, fewer than 6,000 people lived in Los Angeles. (b) In 2013, Los Angeles had a population 
of 3.9 million people, and the greater Los Angeles metropolitan area was home to nearly 13 million people.  
(a: The Granger Collection, New York; b: LA/AeroPhotos/Alamy)

(a) (b)
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Environmental scientists monitor 
natural systems for signs of stress

One critical question that environmental scientists 
investigate is whether the planet’s natural life-support 
systems are being degraded by human-induced  changes. 
Natural environments provide what we refer to as 
ecosystem services—the processes by which life-
supporting resources such as clean water, timber, fish-
eries, and agricultural crops are produced. Although 
we often take a healthy ecosystem for granted, we 
notice when an ecosystem is degraded or stressed 
because it is unable to provide the same services or 
produce the same goods. To understand the extent of 
our effect on the environment, we need to be able to 
measure the health of Earth’s ecosystems.

To describe the health and quality of natural  systems, 
environmental scientists use environmental indicators. Just 
as body temperature and heart rate can indicate  whether 
a person is healthy or sick,  environmental  indicators 
describe the current state of an environmental system. 
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m o d u l e

Environmental Indicators 
and Sustainability

2
As we study the way humans have altered the natural world, it is important to have 
techniques for measuring and quantifying human impact. Environmental indicators 
allow us to assess the impact of humans on Earth. The use of these indicators help 
us determine whether or not the quality of the natural environment is improving and 
inform discussions on the sustainability of humans on the planet.

Learning Objectives

After reading this module you should be able to

• identify key environmental indicators and their trends over time.

• define sustainability and explain how it can be measured using the ecological 
footprint.

Ecosystem services The processes by which life-
supporting resources such as clean water, timber, 
fisheries, and agricultural crops are produced.

Environmental indicator An indicator that describes 
the current state of an environmental system.

These indicators do not always tell us what is causing a 
change, but they do tell us when we might need to look 
more deeply into a particular issue. Environmental indi-
cators provide valuable information about natural sys-
tems on both small and large scales. Some of these 
indicators and the chapters in which they are covered 
are listed in TABLE 2.1.

In this book we will focus on the five global-scale 
environmental indicators listed in TABLE 2.2: biological 
diversity, food production, average global surface tem-
perature and carbon dioxide concentrations in the 
atmosphere, human population, and resource depletion. 
Throughout the text we will cover each of these five 
indicators in greater detail. Here we take a first look.
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8  CHAPTER 1 ■ Environmental Science: Studying the State of Our Earth

TABLE 2.1 Some common environmental indicators

Environmental indicator Unit of measure Chapter

Human population Individuals 7

Ecological footprint Hectares of land 1

Total food production Metric tons of grain 11

Food production per unit area Kilograms of grain per  11 
 hectare of land 

Per capita food production Kilograms of grain per person 11

Carbon dioxide Concentration in air (parts  19 
 per million) 

Average global surface temperature Degrees centigrade 19

Sea level change Millimeters 19

Annual precipitation Millimeters 4

Species diversity Number of species 5, 18

Fish consumption advisories Present or absent; number of  17 
 fish allowed per week 

Water quality (toxic chemicals) Concentration 14

Water quality (conventional pollutants) Concentration; presence or absence  14 
 of bacteria 

Deposition rates of atmospheric Milligrams per square meter per year  
compounds  15

Fish catch or harvest Kilograms of fish per year or weight  11 
 of fish per effort extended 

Extinction rate Number of species per year 5

Habitat loss rate Hectares of land cleared or “lost” per year 18

Infant mortality rate Number of deaths of infants under  7 
 age 1 per 1,000 live births 

Life expectancy Average number of years an infant born  7 
 today can be expected to live under current  
 conditions 

TABLE 2.2  Five key global indicators

   Overall impact on 
Indicator Recent trend Outlook for the future environmental quality

Biological diversity Large number of Extinctions will continue Negative 
 extinctions, extinction 
 rate increasing

Food production Per capita production Unclear May affect the number of 
 possibly leveling off  people Earth can support

Average global surface CO2 concentrations and Probably will continue to Effects are uncertain and varied  
temperature and CO2 temperatures increasing increase, at least in the but probably detrimental 
concentration  short term

Human population Still increasing, but Population leveling off;  Negative 
 growth rate slowing resource consumption rates 
  also a factor

Resource depletion Many resources being depleted Unknown Increased use of most resources  
 at rapid rate, but human ingenuity  has negative effects 
 develops “new” resources, and  
 efficiency of resource use is  
 increasing in many cases
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Biological Diversity

Biological diversity, or biodiversity, is the diversity 
of life forms in an environment. It exists on three 
scales: ecosystem, species, and genetic, illustrated in 
FIGURE 2.1. Each level of biodiversity is an important 
indicator of environmental health and quality.

Genetic Diversity
Genetic diversity is a measure of the genetic varia-
tion among individuals in a population. Populations 
with high genetic diversity are better able to respond 
to environmental change than populations with lower 
genetic diversity. For example, if a population of fish 
possesses high genetic diversity for disease resistance, at 
least some individuals are likely to survive whatever 
diseases move through the population. If the popula-
tion declines in number, however, the amount of 
genetic diversity it can possess is also reduced, and this 
reduction increases the likelihood that the population 
will decline further when exposed to a disease.

Species Diversity

A species is defined as a group of organisms that is 
distinct from other groups in its morphology (body 
form and structure), behavior, or biochemical proper-
ties. Individuals within a species can breed and produce 
fertile offspring. Scientists have identified and cataloged 
approximately 2 million species on Earth. Estimates of 
the total number of species on Earth range between  
5 million and 100 million, with the most common esti-
mate at 10 million. This number includes a large array 
of organisms with a multitude of sizes, shapes, colors, 
and roles.

Species diversity indicates the number of species 
in a region or in a particular type of habitat. Scientists 
have observed that ecosystems with more species—
that is, higher species diversity—are more productive 
and resilient—that is, better able to recover from dis-
turbance. For example, a tropical forest with a large 
number of plant species growing in the understory is 
likely to be more productive, and better able to with-
stand change, than a nearby tropical forest plantation 
with one crop species growing in the understory.

Environmental scientists often focus on species 
diversity as a critical environmental indicator. The 
number of frog species, for example, is used as an indi-
cator of regional environmental health because frogs 
are exposed to both the water and the air in their eco-
system. A decrease in the number of frog species in a 
particular ecosystem may be an indicator of environ-
mental problems there. Species losses in several ecosys-
tems can indicate environmental problems on a larger 
scale. Not all species losses are indicators of environ-
mental problems, however. Species arise and others go 
extinct as part of the natural evolutionary process. The 
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Biodiversity The diversity of life forms in an 
 environment.

Genetic diversity A measure of the genetic  variation 
among individuals in a population.

Species A group of organisms that is distinct from 
other groups in its morphology (body form and 
structure), behavior, or biochemical properties.

Species diversity The number of species in a region 
or in a particular type of habitat.

FPO

F I G U R E  2 .1  Levels of biodiversity. Biodiversity exists at 
three scales. (a) Ecosystem diversity is the variety of ecosystems 
within a region. (b) Species diversity is the variety of species within 
an ecosystem. (c) Genetic diversity is the variety of genes among 
individuals of a species.

(a) Ecosystem diversity

(b) Species diversity

(c) Genetic diversity
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