Greenhouses of Salt

In This Chapter

Solar energy warms Earth beneficently
The atmosphere balances energy coming in with energy flowing out
The greenhouse effect is increasing because of human contributions

The ozone hole over Antarctica admits solar ultraviolet at certain
times of year

Controlling the release of Freons and certain other gases should heal
the ozone hole

We may get an occasional cold wave in many parts of the United States,
with temperatures of 0°F (-18°C), but on the whole, the temperature is
within a comfortable range. Earth is warmed by energy from the Sun. But
a steady contribution from trapped radiation—the “greenhouse effect”—
also makes life on Earth possible for us. Many people are now worried
that too much of a good thing may be upon us. Also, an entirely separate
effect, the ozone hole, opens over Antarctica each Antarctic springtime
and sometimes extends farther north.
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Energy In and Out

Most things in the universe are in a state of balance. Without this condition of equi-
librium, everything would be changing all around us. For example, the Sun itself is in
balance, with gravity pulling inward on its gas at the same strength as pressure from
its internal energy pushes out.

In the Earth’s atmosphere, we have a balance. Energy from the Sun comes in, and energy
from the Earth goes out. If the energy balance is not exact, then the Earth’s atmo-
sphere would heat up or would cool down. We know we are more or less in balance
each year since we don’t see a major trend in temperature. But serious investigation
seems to be showing that there is, in fact, a slight trend in temperature. We may not
notice it year to year, given the natural variation in temperature and climate, but over
decades or a century, it looks as though it will amount to quite a significant effect.

Planetary scientists can calculate what the temperature of the Earth should be, given
the value of the solar constant and the Earth’s distance from the Sun. They merely
compare the energy coming in with the energy going out. The energy coming in is
the solar constant times the area of the Earth’s disk. The energy going out follows the
same black-body law of temperature that the Sun itself follows. The hotter an object
is, the more total energy it gives out.

We can consider the energy balance of Earth. Let us first imagine that the Earth had
no atmosphere. Then Earth’s surface would merely heat up until it radiated the same
amount of energy coming in. It is easy for physicists to calculate that temperature. The
planet would be very cold—too cold for us to be comfortable on Earth.

But we can measure the Earth’s average temperature, and it comes out about 60°F
(33°C) warmer than the temperature we would have without an atmosphere. We are
warmed by the presence of the atmosphere to the livable Earth climate that we have.

The Terrestrial Greenhouse

How does the atmosphere do this warming? It does so by trapping the solar radiation.
But we know that the atmosphere is transparent to incoming sunlight. The trick is that
Earth itself transforms the sunlight from the incoming wavelengths to wavelengths
that don’t pass through the atmosphere.

Let us return to our toaster, which we used as an example in Chapter 8. When you turn
it on, it glows faintly and then eventually glows red hot. Objects that are being heated
from cold temperatures start radiating most of their energy in the infrared. As they

are heated, more of the energy is given off at shorter infrared wavelengths. Some even
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