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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.

16.5 The Earth’s Atmosphere

If the Sun no longer provided heat, as represented in Figure 
16.14a, the air molecules surrounding our planet would 
settle to the ground—much like popcorn at the bottom of an 
unplugged popcorn machine. Plug in the popcorn machine 
and the exploding kernels bumble their way to higher altitudes. 
Likewise, add solar energy to the air molecules and they, too, 
bumble their way to higher altitudes. Popcorn kernels attain 
speeds of 1 meter per second and can rise 1 or 2 meters. But 
solar-heated air molecules move at about 1600 kilometers per 
hour, and a few make their way up to more than 50 kilometers 
in altitude. Figure 16.14b shows that if there were no gravity, 
air molecules would fly into outer space and be lost from our 
planet. Combine heat from the Sun with the Earth’s gravity, 
however, as in Figure 16.14c, and the result is a layer of air 
more than 50 kilometers thick that we call the atmosphere. This 
atmosphere provides oxygen, nitrogen, carbon dioxide, and 
other gases needed by living organisms. It protects the Earth’s 
inhabitants by absorbing and scattering cosmic radiation. It 
also protects us from being rained upon by common cosmic 
debris. Such material headed toward the Earth burns up before 
reaching the surface, assuming the material is not large. It is 
the heat generated by friction between the flying debris and 
our atmosphere that causes the debris to burn.
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Table 16.1 shows that the Earth’s present-day atmosphere 
is a mixture of gases—primarily nitrogen and oxygen, with small 
amounts of argon, carbon dioxide, and water vapor and traces of 
other elements and compounds. This has not always been the com-
position of the Earth’s atmosphere. Oxygen, for example, was not 
a component until the evolution of photosynthesis in primitive 
life-forms over 3 billion years ago. Carbon dioxide levels have also 
varied significantly over time.

We have adapted so completely to the invisible air around 
us that we sometimes forget it has mass. At sea level, 1 cubic meter 
of air has a mass of 1.18 kilograms. So, the air in an average-sized 
room has a mass of about 60 kilograms—about the average mass 
of a human.

When you are under water, the weight of the water above 
you exerts a pressure that pushes against your body. The deeper you 
go, the more water there is above you and hence the greater the 
pressure exerted on you. The behavior of air is the same. Because air 

How is the atmosphere con-
nected to the leaf of a tree?

CONNECTIONS
CHEMICAL

^  Figure 16.14
Our atmosphere is a result of the actions of both solar heat and gravity.

TABLE 16.1  Composition of Earth’s Atmosphere
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has mass, gravity acts upon the air, giving it weight. The weight of 
the air, in turn, exerts a pressure on any object submerged in the air. 
This pressure is known as atmospheric pressure, and the deeper 
you go in the atmosphere, the greater this pressure becomes. At sea 
level, you are at the bottom of an “ocean of air,” so the atmospheric 
pressure is greatest. Climb a mountain so that you are no longer 
so deep and the atmospheric pressure is less. Venture above the 
atmosphere and you have entered space, where there is no atmo-
spheric pressure.

If you have ever gone mountain climbing, you have probably 
noticed that the air grows cooler with increasing elevation. At lower 
elevations, the air is generally warmer. This is because the Earth’s 
surface radiates much of the heat it absorbs from the Sun. As this 
heat radiates upward, it warms the air—an effect that decreases 
with increasing distance from Earth’s surface.

You have probably also noticed that the air grows less dense 
with increasing elevation; that is, there are fewer air molecules to 
breathe for a given volume. You can understand why this is so by 
considering a deep pile of feathers. At the bottom of the pile, the 
feathers are squished together by the weight of the feathers above. 
At the top of the pile, the feathers remain fluffy and are much less 
dense. For the same reasons, air molecules close to the Earth’s sur-
face are squeezed together by the greater atmospheric pressure. 
With increasing elevation, the density of the air gradually decreases 
because of decreasing atmospheric pressure. Unlike a pile of feath-
ers, however, the atmosphere doesn’t have a distinct top. Rather, 
it gradually thins to the near vacuum of outer space. More than 
half of the atmosphere’s mass lies 
below an altitude of 5.6 kilometers, 
and about 99 percent lies below an 
altitude of 30 kilometers.

Scientists classify the atmo-
sphere by dividing it into layers, 
each layer distinct in its charac-
teristics. The lowest layer is the 
troposphere, which contains 90 
percent of the atmospheric mass 
and essentially all of the atmo-
sphere’s water vapor and clouds, as 
Figure 16.15 shows. This is where 
weather occurs. Commercial jets 
generally fly at the top of the tro-
posphere to minimize the buffeting 
and jostling caused by weather 
disturbances. The troposphere 
extends to a height of about 16 

Why is it generally warmer 
in a valley than at the top 
of a mountain?

READING CHECK

  Figure16.15 

The two lowest 
atmospheric layers—
troposphere and 
stratosphere.
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C O N C E P T   C H E C K
What effect does the Earth’s gravity have on the atmosphere?

CHECK  YOUR  ANSWER  The Earth’s gravity pulls molecules in the atmosphere downward, 
preventing them from escaping into outer space.

kilometers. Its temperature decreases steadily with increasing alti-
tude. At the top of the troposphere, temperatures average about 
−50°C. 

Above the troposphere is the stratosphere, which reaches 
a height of 50 kilometers. In the stratosphere, at an altitude of 20 to 
30 kilometers, lies the ozone layer. Stratospheric ozone acts as a sun-
screen, protecting the Earth’s surface from harmful solar ultraviolet 
radiation. Stratospheric ozone also affects stratospheric tempera-
tures. At the lowest altitudes, the temperature is coolest, because 
of the solar screening effect of ozone; air at this altitude is literally 
in the shade of ozone. At higher altitudes, less ozone is available 
for shading and temperature increases all the way to a warm 0°C at 
the top of the stratosphere. Though, at this altitude there are very 
few molecules, which makes the environment lethal to anyone 
without a space suit.

Where is the atmospheric 
pressure greater: at the top 
or bottom of a 9-inch round 
balloon? Interestingly, the 
pressure on the bottom side 
of the balloon is sufficiently 
greater to result in a small 
net force upward. We call 
this net force upward a buoy-
ant force, which for a 9-inch
balloon equals about 0.0145 
pound. If the balloon weighs 
more than 0.0145 pound 
(6.58 grams), it falls. But if it 
weighs less, it rises, which is 
the case when the balloon 
is filled with helium. The air 
beneath your feet is deeper 
than the air at your head, 
so is there a buoyant force 
acting on you as well? If it 
weren’t for the air, would 
your measured weight read 
more or less?

FOR YOUR
INFORMATION


