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Chapter 16

Water and Air Resources
THE MAIN IDEA

The Earth is huge, but so is our ability 
to transform the environment.

16.1 Water on the Move
16.2 The Water We Consume
16.3 How We Pollute Water
16.4 Wastewater Treatment
16.5 The Earth’s Atmosphere
16.6 How We Pollute Air
16.7 Global Warming

16.7 Global Warming

Figure 16.23 > 
Glass acts as a one-way valve, letting visible light 
in and preventing infrared energy from exiting.

Park your car with its windows closed in the bright sun and its 
interior soon becomes quite toasty. The inside of a greenhouse 
is similarly toasty. This happens because glass is transparent to 
visible light but not to infrared, as illustrated in Figure 16.23. As 
you may recall from Figure 4.15, wavelengths of visible light are 
shorter than wavelengths of infrared. Visible light wavelengths 
range from 400 nanometers to 740 nanometers, while infrared 
wavelengths range from 740 nanometers to a million nanome-
ters. Short-wavelength visible light from the Sun enters your 
car or a greenhouse and warms various objects—car seats, 
plants, soil, whatever. The warmed objects then emit infrared 
light, which cannot escape through the glass; so the infrared 
energy builds up inside, increasing the temperature.
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A similar effect occurs in the Earth’s atmosphere, which, like 
glass, is transparent to visible light emitted by the Sun. The ground 
absorbs this energy but radiates infrared light. Atmospheric carbon 
dioxide, water vapor, and other select gases absorb and re-emit 
much of this infrared energy back to the ground, as Figure 16.24 
illustrates. This process, called the greenhouse effect, helps keep 
the Earth warm. The greenhouse effect is quite desirable, because 
the Earth’s average temperature would be a frigid −18°C without 
it. Greenhouse warming also occurs on Venus, but to a far greater 
extent. The atmosphere surrounding Venus is much thicker than the 
Earth’s atmosphere, and its composition is 95 percent carbon diox-
ide, which brings surface temperatures to a scorching 450°C—the 
hottest planet surface temperature of our solar system.

C O N C E P T   C H E C K
What does it mean to say that the greenhouse effect is like a one way valve?

CHECK  YOUR  ANSWER   Both the Earth’s atmosphere and glass allow incoming visible waves to 
pass, but not outgoing infrared waves. As a result, radiant energy is trapped.

Figure 16.24 > 
The greenhouse 
effect in the Earth’s 
a t m o s p h e r e . 
Visible light from 
the Sun is absorbed 
by the ground, 
which then emits 
infrared radiation. 
Carbon dioxide, 
water vapor, and 
other greenhouse 
gases in the atmo-
sphere reflect most 
of that heat back 
downward.

The role of carbon dioxide as a greenhouse gas is well doc-
umented. Core samples from polar ice sheets, for example, show a 
close relationship between atmospheric levels of carbon dioxide 
and global temperatures over the past 400,000 years, as shown 
in Figure 16.25. Ancient air in bubbles trapped in the ice core, 
shown in Figure 16.26, can be sampled directly. The age of the air 
is a function of the depth of the core. Past global temperatures are 
determined by measuring the deuterium/hydrogen ratio in the 
trapped air. When global temperatures are relatively high, the ocean 
is warmer and larger fractions of water containing deuterium evap-
orate from the ocean and fall as snow. A high deuterium/hydrogen 
ratio therefore indicates a warmer climate.

How do we know of the 
close relationship between 
carbon dioxide and global 
temperatures?

READING CHECK
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There is exceedingly strong evidence that recent human 
activities, such as the burning of fossil fuels and deforestation, are 
responsible for dramatic increases in atmospheric carbon dioxide 
levels. Prior to the Industrial Revolution, carbon dioxide levels were 
fairly constant at about 280 parts per million, as shown in Figure 
16.27. During the 1800s, however, levels began to climb, reaching 
a level of 300 parts per million in about 1910. Today’s level over 
420 parts per million. Interestingly, as can be seen in Figure 16.25 
that ice samples dating as far back as 400,000 years do not show 
atmospheric carbon dioxide levels ever exceeding 300 parts per 
million. In step with these increases, average global temperatures 
since 1860 have increased by about 0.8°C. (Since 1950, the increase 
has been about another 0.6°C.) Current estimates are that a dou-
bling of today’s atmospheric carbon dioxide levels will increase the 
average global temperature by an additional 1.5°C to 2.5°C. The 
Intergovernmental Panel on Climate Change, (IPCC) notes that this 
needs to remain below 1.5°C to avoid worst case scenarios.

^ Figure 16.25
Levels of atmospheric carbon 
dioxide and global temperatures 
appear to be closely related to 
each other.

  Figure 16.26

(a) Ice cores reveal information 
about ancient climates. (b) Crystals 
of ice photographed in polarized 
light reveal tiny air bubbles con-
taining ancient air.

^
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Carbon dioxide ranks as the number-one gas emitted by 
human activities. When speaking of atmospheric pollutants such 
as sulfur dioxide, we talk in terms of millions of tons. The amount 
of carbon dioxide we pump into the atmosphere, however, is mea-
sured in billions of tons, as Figure 16.28 shows. A single tank of 
gasoline in an automobile produces up to 90 kilograms of carbon 
dioxide. A jet flying from New York to Los Angeles releases more 
than 200,000 kilograms (about 300 tons). Above all, our population 
increases by about 236,000 individuals every day, which is about 86 
million individuals every year. In 2012, we passed the milestone of 
7 billion humans, and a mere 10 years later, in 2022, we surpassed 
8 billion humans, each of us responsible for activities that result in 
the output of carbon dioxide. A satellite view of North America at 

night, as shown in Figure 16.29, quickly reveals 
the significant impact we humans are having 
on a planetary scale.

When direct monitoring of atmospheric 
carbon dioxide began in 1958, the global 

<  Figure  16.28
Carbon dioxide emissions 
from the burning of fossil 
fuels have grown dramat-
ically since 1860. Note the 
dip around 2020 due to 
the economic burden of 
the Covid-19 pandemic. 
(Source: ESS-DIVE)

^  Figure 16.27
Since the Industrial Revolution 
began in the late 1700s, atmo-
spheric carbon dioxide levels have 
been increasing at accelerated 
rates. The yellow and red circles 
are data from ice samples, and the 
purple circles are measurements 
from the Mauna Loa Observatory. 
Note: The relative global tempera-
ture changes shown in the blue 
line are relative to the average 
annual temperature for the years 
1950 through 1979.
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atmospheric reservoir of carbon dioxide was about 2,460 billion 
tons, a figure calculated from the observed concentration of 315 
parts per million. By 2020, this amount had grown to 3,280 billion 
tons, which simple subtraction tells us is an increase of 820 billion 
tons:

Over the same period, humans released on the order of 1700 
billion tons of atmospheric carbon dioxide from fossil fuels and 
other sources. From these data, we can get a feel for nature’s ability 
to absorb carbon dioxide. Even though we pumped out 1700 billion 
tons of carbon dioxide, the total quantity in the atmosphere went 
up by only 820 billion tons. Nature is able to reabsorb over half of 
the carbon dioxide we emit, much of it going into the oceans. As we 
saw in Chapter 10, the ocean can absorb carbon dioxide because its 
water is alkaline. Carbon dioxide can also be absorbed by vegetation 
during photosynthesis, which occurs both in the oceans and the 
land. It has been shown, for example, that trees grow more rapidly 
when exposed to higher concentrations of carbon dioxide. The 
fact that levels of atmospheric carbon dioxide are still going up, 
however, tells us that we are exceeding nature’s absorbing power. 

Consider this: according to NASA, more than half of all fossil 
fuels ever used by humans have been consumed in just the last 
20 years. With about 20 percent of the world’s population, China 
ranks first in carbon dioxide emissions and is responsible for about 
22 percent of global 
carbon dioxide emis-
sions. With about 5 
percent of the world’s 
population, the United 
States is the second 
leading carbon diox-
ide emitter, producing 
about 20 percent of the 
world’s total. The third 
major emitter of carbon 
dioxide is the European 
Union, which, with 
about 6 percent of the 
world’s population, pro-
duces about 14 percent. 
For these industrial-
ized nations, this adds 

    Figure 16.29

Our ability to impact the global 
environment is clearly indicated  
by a night time view of our planet.

^
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up to about 56 percent of the global carbon dioxide emissions. 
Developing nations account for the remaining 44 percent, but their 
sources of carbon dioxide are evenly split between fossil fuels and 
deforestation.

Deforestation presents multiple threats to atmospheric 
resources. If the cut wood is used for fuel rather than lumber, burn-
ing the fuel releases carbon dioxide into the atmosphere. Whether 
the wood is used for fuel or for lumber, though, cutting down any 
forest destroys a net absorber of carbon dioxide. Furthermore, trop-
ical forests have the capacity to evaporate vast volumes of water, 
which assist in the formation of clouds. The clouds, in turn, keep 
regions cool by reflecting sunlight and moist by precipitating rain. 
Farmers who burn down rainforests for farmland are cutting off 
their future supply of rainwater. When their farms become desert, 
they are then spurred to burn even more of the rainforest. So far, 
about 65 percent of all rainforests have been destroyed. At present 
rates, within a few decades, remaining rainforests will not be able 
to sustain regional climates, which will leave more than a billion 
citizens of the rapidly growing communities of South America, 
Africa, and Indonesia in the midst of arid land.

As their economies and populations continue to grow over 
the next several decades, developing nations will likely surpass 
industrial nations in the amounts of carbon dioxide and other 
pollutants they emit. New energy-efficient technologies that min-
imize emissions, however, are now available. In a best-case scenario, 
developing nations will be able to utilize these new technologies 
while maintaining needed economic growth.

The Potential Effects of Global Climate Change  
are Uncertain
There is consensus among scientists that increased levels of atmo-
spheric carbon dioxide and other greenhouse gases will result in 
global warming, which will result in changes to global climate sys-
tems. How much temperatures may rise, however, is uncertain, as 
are the potential effects of the temperature increases. This uncer-
tainty is due to the large number of variables that determine global 
weather patterns. The Sun’s intensity, for example, changes over 
time, as does the ocean’s ability to absorb and distribute green-
house heat. Another variable is the cooling effect of cloud cover, 
atmospheric dust, aerosols, and ice sheets, which all serve to reflect 
incoming solar radiation.

A number of mechanisms may ease or even reverse global 
warming. For example, we may have underestimated the capacity of 
oceans and plants to absorb carbon dioxide. Greater levels of atmo-
spheric carbon dioxide may simply mean more carbon dioxide in 

If we were to hold steady 
and not increase the current 
rate at which we put CO2 into 
the atmosphere, would the 
level of atmospheric CO2 also 
hold steady? The answer is 
no because at our current 
rate we already put about 
twice as much CO2 into the 
atmosphere than can be 
absorbed by plants, soils, 
and the ocean. To achieve a 
steady level of atmospheric 
CO2, we would need to 
decrease our emissions by 
about 80%. It’s analogous 
to a slowly draining bathtub. 
We’re pouring water into this 
tub faster than it can drain, 
so the water level naturally 
rises. We’ve got to close 
down the spigot—not just 
stop opening it up—or the 
tub will eventually overflow.

FOR YOUR
INFORMATION
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the ocean and more abundant plant life. In addition, warmer global 
temperatures could mean an increase in cloud cover worldwide and 
an increase in snowfall in the polar regions. Both of these effects 
would tend to cool the Earth by increasing the reflection of solar 
energy. If the cloud cover and snowfall became unusually extensive, 
continued reflection of solar radiation could even trigger an ice age.

On the other hand, some mechanisms may enhance global 
warming. Warmer oceans might have a diminished capacity to 
absorb carbon dioxide because the solubility of carbon dioxide 
in water decreases with increasing temperature (see Section 7.4). 
Also, as the pH of the ocean continues to drop, so will the ability 
of the ocean to absorb additional carbon dioxide. Rapid climatic 
changes might destroy vast regions of forests and vegetation, such 
as through wildfires spurred by drought, meaning those reservoirs 
for carbon dioxide absorption would no longer exist. Alternatively, 
more abundant plant life might not be as beneficial for the atmo-
sphere as we had hoped, because although plants absorb carbon 
dioxide, they also emit other greenhouse gases, such as methane. 
Importantly, warmer global temperatures might also enhance 
microbial activity in the soil. Microbes decaying organic matter 
are a significant source of carbon dioxide in dry soils and a source 
of methane in wet soils. Furthermore, large quantities of methane 
locked in Arctic permafrost may also be released as a consequence 
of warmer terrain. As represented in Figure 16.30, we just don’t 
know.

An average global temperature increase of only a few degrees 
would not be felt uniformly around the world. Instead, some places 
would experience wider fluctuations than others. For example, the 
number of days temperatures exceed 32°C (90°F) might double in 

Today, levels of atmospheric 
carbon dioxide are over 420 
ppm, which is a new level 
that has likely not been 
achieved for hundreds of 
thousands of years. Evidence 
tells us, however, that about 
25 million years ago, carbon 
dioxide levels of 1000 to 
1500 ppm were typical. Of 
course, there were no polar 
ice caps way back then, and 
the average sea level was 
some 70 meters higher than 
it is today. 

FOR YOUR
INFORMATION

  Figure 16.30

Which climate extreme might 
become more prevalent as green-
house gases continue to increase?

^
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New York City but remain unchanged in Los Angeles. The number 
of days in polar regions when temperatures rise above 0°C might 
double or even triple, causing glaciers and polar ice sheets to melt 
faster. Melting ice combined with the thermal expansion of ocean 
waters would lead to an increase in sea level. Many climatologists 
project that a global temperature increase of a few degrees over the 
next 50 to 100 years may raise sea levels by about 1 meter, enough 
to inundate many coastal regions and displace millions of people.

Small changes in average global temperatures would also 
change weather patterns. The warming of the equatorial eastern 
Pacific Ocean during an El Niño, for example, is already known to 
change local weather patterns throughout the world. If the whole 
planet were to warm by a few degrees, the impact would be far 
greater. What is now fertile agricultural land might turn barren, while 
land now barren might turn fertile. Over the past several decades, 
for example, average global temperatures have edged upward. In 
step with this warming trend, the growing seasons of the Great 
Plains of Canada are up to 2 weeks longer than they were several 
decades ago. As weather patterns change, one nation’s gain may 
be another nation’s loss. Developing nations lacking the resources 
to make adjustments, however, would be hardest hit.
 Science tells us that the potential for human-induced global 
climate change is real but that the degree of impact is uncertain. 
Actual quantification will come only from a slow but steady accu-
mulation of evidence. What should be done in the meantime is not 
a scientific issue but rather a societal one.

Weather is what happens 
outside on a daily basis. A 
change in weather is quite 
common. Climate is differ-
ent. Climate is the average 
weather that occurs for a 
particular region. Climate is 
rather predictable. It may or 
may not snow in Vermont 
on January 26, but the cli-
mate of Vermont tells the 
would-be tourists to bring 
their snow skis, not their 
water skis.

FOR YOUR
INFORMATION

C O N C E P T   C H E C K
Why are scientists uncertain about the potential effects of global warming?

CHECK  YOUR  ANSWER   The uncertainty is due to the large number of variables that determine 
global weather patterns. As the debates continue, bear in mind that the issue is not global 
warming itself but rather its potential effects.

One societal response to global warming is to adapt to the 
changes as they occur. Economists argue that large uncertainties in 
climate projections make it unwise to spend large sums of money 
trying to avert disasters that may never materialize. Adjusting to 
immediate changes would be more directed and far less costly. 
Some measures, however, could be taken now to reduce future 
difficulties. Irrigation systems, for example, might be made more 
efficient, because even without a major climatic change, such an 
improvement would make it easier to cope with normal extremes 
in weather.

A second societal response is to take preventive measures 
to minimize global warming and the resulting changes in climate. 
Emissions of greenhouse gases could be kept low by conserving 
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Why not just capture the 
carbon dioxide from the 
atmosphere and pump 
it underground? This is a 
process known as carbon 
sequestration. The problem 
here are the vast quanti-
ties that would need to be 
sequestered in order to 
make much a difference. 
Furthermore, the energy 
source needed to the drive 
sequestration would have to 
be itself non-carbon based. 
Despite these challenges, 
carbon sequestration contin-
ues to be an area of intense 
research. To learn more, visit 
Climeworks.com.

FOR YOUR
INFORMATION

^  Figure 16.31
How might seaweed be helpful in fighting global climate change? Certain seaweeds have been found to 
be high in the chemical bromoform, CHBr3, which when fed to cattle cuts their methane, CH4, emission by 
over 90 percent. Methane is about 80 times more powerful as a greenhouse gas than carbon dioxide. Total 
emissions are much less but still significant. About one-third of our methane emissions come from cattle, 
who release methane as part of their digestion process. Mix the right strain of seaweed into their diet and 
this major source of a greenhouse gas is greatly reduced.

energy and by shifting to fuels containing lower percentages of 
carbon, such as natural gas or hydrogen. Cars could be powered not 
by fossil fuels, but by electricity generated from alternative energy 
sources such as biomass, solar thermal electric generation, wind 
power, and photovoltaics. Governments may also come to agree 
on a set of standards for emissions of carbon dioxide and other 
greenhouse gases. “Polluting rights” may be granted to each nation 
based on such factors as population and need for economic growth. 
Consider also the innovative solutions presented in Figure 16.31.

The best public policies will be those that yield benefits even 
in the absence of global warming. A reduction in fossil fuel use, for 
example, would curb air pollution, acid rain, and the dependence 
of many countries on foreign oil producers. Developing alternative 
energy sources, revising water laws, searching for drought-resistant 
crop strains, and negotiating international agreements are steps that 
offer widespread benefits. To learn more about greenhouse gases, 
we recommend you visit Climate.gov and the GlobalCarbonAtlas.
org.


