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(a) The temperature of a planet’s surface is not only dependent on the amount of light it

receives from its star; it also depends on the reflectivity of its surface and on the content of

so-called greenhouse gases*! in its atmosphere. Only if a planet had the surface properties of

what physicists refer to as a black body would its temperatures be fixed solely by the amount
of light reaching its surfaces. To qualify as a black body the surface of the planet must be
nonreflecting; that is, all the sunlight reaching it must be absorbed and later reradiated™? as
planet light. Also, there can be no gases in its atmosphere that absorbed outgoing planet
light. Were the Earth a black body it would have a mean surface temperature of about 5°C.

The Earth is not a black body. First of all, its clouds, its ice caps, and its deserts reflect back
to space a sizable portion (~ 33 percent) of sunlight impinging*® upon the Earth. The sunlight
reflected back into space plays no role in maintaining the temperature of the Earth’s surface.
Were this the only (,)deviation from the black body situation, the Earth’s surface temperature
would average —20°C (all water would be frozen). However, the Earth’s atmosphere contains
molecules made up of three or more atoms. Molecules of this type are able to capture packets
of outgoing infrared light. Important in the Earth’s atmosphere are water vapor (HyO), carbon
dioxide (CO2), methane (CHy), and nitrous oxide (NO3). The capture of outgoing earth light
by these gases warms the planet. For Earth the greenhouse warming more than compensates
for the sunlight lost through reflection. The Earth’s mean surface temperature is 10°C warmer
than if it were a black body.

Thus, to assess a planet’s temperature, we need to know not only how much sunlight it
receives but also the reflective properties of its surface and the amounts of infrared-light-
absorbing gases in its atmosphere.

The reflectivity of a planet has much to do with the amount and state of its water. Ocean
water is not very reflective; ice is highly reflective; clouds are moderately reflective. Plants
absorb nearly all the light they receive; there is no glare in a forest. By contrast, about half
the light reaching vegetation-free portions of the continents is reflected. The extent of plant
cover depends on the amount of rainfall.

The greenhouse capacity of a planet also has much to do with the state of its water. For
today’s Earth, water vapor is the most important absorber of outgoing infrared light. The
warming produced by this greenhouse capacity by chance just about compensates for the

cooling produced by reflectivity of the Earth’s clouds.

*1 greenhouse gases: {REMEAH 2
*2 reradiate: U
*3 impinging: impinge (%23 %) DBIEDFHIY



(o)1t need not be this way. (q)Imagine that by some magic the Sun’s energy output could

be turned down for a long enough time for the continents to become snow-covered and the

ocean to freeze. Then the Sun is turned back up again to its present output. The ocean would

remain frozen, because snow is so reflective that most of the energy reaching us from the Sun
would “bounce” off. The Earth would remain cold!

(e)Or _imagine that by some magic the Sun’s energy output was turned way up for long

enough to permit the oceans to boil away, producing a dense atmosphere of steam. Then the

Sun is turned back down again. It would remain very hot on Earth. The immense greenhouse
effect of the steam would maintain the planet’s ground temperature so high that the steam

could not recondense. The Earth would remain hot!

—“How to Build A Habitable Planet” by Wallace S. Broecker, Lamount-Doherty Geological
Observatory of Columbia University & h —#8tk%&
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(1) This quantity must be one which is directly determined by the state of the system
considered, without reference to the previous history of the system, as is the case with
the energy, with the volume, and with other properties of the system.

(2) The angular-momentum vector for a particle moving with constant angular speed on a

circle with center at the origin is a conserved quantity.
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