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Surface temperature of planet Earth 
Atmospheric transmittance: the concept of atmospheric windows 

By J.H. Taylor 

Editor's note: This is the ninth installment in a series of 
lecture demonstrations on radiation exchange. The author 
is a professor of physics at Rhodes College in Memphis, 
Tenn. The next article will look at nighttime on the desert. 

The last equation appearing in "Measuring the effective 
radiating temperature of the ozonosphere" (August 1987, 
p.43, Optics News) should be numbered (2) and the left-
hand side of the equation should be multiplied by "R". 
The experiment discussed in the article was originally de
vised by Arthur Adel and was published December 1949 
in Air Force Cambridge Research Laboratories' Geophysi
cal Research Papers No. 2. 

T his is a topic of considerable importance for all of us. 
It is almost too much to accept the fact that we are not 

getting too hot and we are not getting too cold. How is it 
that these two tendencies are just balanced? In attempting 
to come to grips with this problem, the student will have 
the opportunity to use many of the ideas we have dis
cussed in these articles. 

At the outset one will recognize certain similarities be
tween this problem and that of the Greenhouse Effect pre
viously discussed. In this problem, the glass is replaced by 
certain minor constituents in the Earth's atmosphere that 
absorb in certain wavelength regions. One needs to appre
ciate that the energy that drives the Earth is solar radiation 
and that approximately 60% of this solar radiation lies in 
the visible. Furthermore, these minor constituents that ab
sorb do not absorb solar radiation lying in the visible. 

We already have seen that the important consideration 

FIGURE 1. Atmospheric transmittance. 

in matters involving radiation is the net radiation in
volved. As far as the side of the Earth facing the Sun is 
concerned, there is no doubt about the direction of the net 
radiation exchange. The Earth is radiating to the Sun but 
the amount of radiation coming from the Sun is considera
bly greater and the net radiation is in toward the Earth. 
Since the Earth is rotating, different parts are constantly 
being exposed to solar radiation. The part of the Earth 
that cannot "see" the Sun will, of course, exchange radia
tion with space. Perhaps it is through this latter phenome
non that the net radiation will be away from the Earth and 
the Earth can get rid of its excess energy in this manner. 
(This will be discussed later.) 
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To begin to work our way into the subject of atmo
spheric transmittance, study the details of Fig. 1. For most 
purposes, certainly as far as our weather and the absorp
tion of infrared radiation is concerned, the height of the 
Earth's atmosphere is about five miles. In studying Fig. 1, 
imagine that you are on the side of the Earth facing the 
Sun and that at the top of the Earth's atmosphere there is 
the complete spectrum of electromagnetic radiation com
ing from the Sun. You are, obviously, not to try to give a 
spatial interpretation to this figure. You are at one location 
and far up above you, i.e., at the top of the atmosphere, 
there is this complete electromagnetic spectrum of radia
tion headed towards you. 

The purpose of Fig. 1 is to show what happens to this 
radiation as it comes through the atmosphere toward you 
on the surface of the Earth. The names of the various re
gions of the spectrum are indicated at the top of the 
Earth's atmosphere. Try to appreciate that a linear wave
length scale has not been used because of the great dynam
ic range of wavelengths involved. The author constantly 
urges students to try to develop a feeling for just how 
small a piece of the entire spectrum is that part occupied 
by the visible. The incoming radiation at the top of the 
atmosphere is represented by "wiggly arrows." It should 
be noted that some of these wiggly arrows make it 
through the atmosphere and arrive at the surface of the 
earth while others do not get through. Those regions 
where they do not get through have been blackened. The 
atom or molecule responsible for absorbing the radiation 
is indicated on the figure. 

Let us direct our attention initially to those molecules 
responsible for the absorption taking place in the infrared. 
One immediately notes that it is the minor constituents, 
namely, water vapor and carbon dioxide. No attempt has 
been made to show any type of line or band structure as
sociated with these various absorptions. Instead, they are 
being presented as infinitely sharp absorptions and trans
missions. 

For wavelengths short of the visible, i.e., ultraviolet, x-
rays, and gamma rays, we note that ozone, oxygen, nitro
gen, hydrogen, and helium are responsible. Finally, in the 
radio region beginning at a wavelength of about 30 cm 
and continuing to longer wavelengths, we note that no 
radiation reaches the Earth due to reflection by electrons 
in the ionosphere. 

As indicated on Fig. 1, there are four attenuating mech
anisms responsible for radiation not reaching the surface 
of the Earth, namely, 
• electronic transitions in atoms and molecules 
• vibrational-rotational transitions in molecules 
• rotational transitions in molecules 
• reflection by electrons in the ionosphere. 

Why study atmospheric 
transmittance? 

Al l students should have some familiarity with atmo
spheric transmittance. Here we are pursuing it to help us 
understand the temperature of the Earth. A n incident that 
happened in the Pacific theater of operations during World 
War II further illustrates the importance of the concept. To 
improve the spatial resolution of the airborne radar in 
United States fighter aircraft, someone decided to redesign 
the radar system and use a shorter wavelength. Theoreti
cally, of course, this is the way to proceed, i.e., by using 
shorter wavelengths there is less diffraction and one does 
indeed improve the spatial resolution. After many, many 
months of construction and millions of dollars in expense, 
the new radar systems were installed. The pilots found 
that the new systems worked beautifully. They had greatly 
enhanced spatial resolution. However, for the radar sys
tems to work properly, the pilots had to be so close to the 
enemy aircraft that they could just as well have used their 
human eyeballs instead. What had been done in the design 
of the new radar system was that they had put the fre
quency (or wavelength) of the radar very nearly on top of 
one of the lines in the pure rotation spectrum of water 
vapor. In other words, with the new radar systems, they 
had purchased spatial resolution at the expense of range. 
Such a blunder was inexcusable! Someone did not take the 
trouble to find out about atmospheric transmittance. 

It will be noted from Fig. 1 that there are certain regions 
in the spectrum where radiation gets through to the sur
face of the Earth. These regions, referred to as the "atmo
spheric windows," are defined between the "centers" of 
the absorption bands and not between the edges of the 
windows as follows: 

Window Number Wavelength Limits 
(Microns) 

0 0.3 to 0.72 
I 0.72 to 0.94 

II 0.94 to 1.13 
III 1.13 to 1.38 
IV 1.38 to 1.90 
V 1.90 to 2.70 
VI 2.70 to 4.30 

VII 4.30 to 6.00 
VIII 6.00 to 15.00 
IX 15.00 to 25.00 
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FIGURE 2. Perkin-Elmer Model 12 C infrared spectrome
ter, Leeds and Northrup recorder, electronics, and water 
pump. 

FIGURE 3. Schematic drawing of experimental set-up for 
studying radiation exchange between Earth and space. 

FIGURE 4. Measuring radiation exchange between Earth 
and space. 

Since water vapor and carbon dioxide do not absorb in 
the visible, most of the solar radiat ion is able to penetrate 
the atmosphere and is absorbed by the Ear th . The tem
perature of the earth is about 23°C or roughly about 300 
K. Invoking the W i e n Displacement L a w , we calculate 
that the peak radiat ion f rom the Ear th w i l l take place at 
about 10 |xm. However , this infrared radiat ion f rom the 
Earth is absorbed by water vapor and carbon dioxide. 
Hence, the atmosphere becomes hotter. A s a result, it radi
ates more to space and more towards the Earth. We thus 
have a situation that has certain similarities w i th a green
house. One can readily appreciate then that in our present 
highly technical society that the presence of more carbon 
dioxide w i l l drive the temperature upward . It should be 
mentioned, however, that particulate matter in the atmo
sphere reflects away incoming solar radiat ion and drives 
the temperature of the Ear th downward . It is difficult to 
calculate wh ich of these processes is w inn ing and whether 
or not it w i l l continue to w in . 

Measuring radiation exchange 
between Earth and space 

To carry out this experiment, one wou ld need infrared 
spectroscopic equipment similar to that shown in F ig . 2 , 
plus ancil lary opt ical equipment consisting of a first sur
face aluminized parabolo idal mir ror and one or more 
plane first surface mirrors to set up an optical system com
parable to that shown in F ig . 3. One wants to be able to 
v iew the zenith sky as wel l as the hor izon sky dur ing both 
daytime and nighttime hours throughout the spring, sum
mer, fal l , and winter. In other words, we want to measure 
radiat ion exchange between Ear th and space. We do not 
want to look directly at the Sun. 

W h a t one obtains is shown schematically in F ig . 4 (a) 
and (b). It should be noted that part of the signal obtained 
is positive and part negative and that radiat ion f rom the 
zenith sky yields a more negative signal than does radia
t ion f rom the hor izon. One should think about this obser
vat ion unti l it makes intuitive sense. The location in the 
spectrum of the wavelength at wh ich the signal changes 
f rom positive to negative is 3 µm, whether one is record
ing radiat ion f rom the zenith or f rom the hor izon. 

Radiation exchange experiments 
between Earth and space 

Fig . 5 summarizes the results of radiat ion exchange ex
periments between Earth and space. F ig . 5(a) indicates the 
situation on the sunlit surface of the Earth. In other words, 
the Earth receives radiat ion f rom the Sun in the visible and 
gets r id of energy by radiat ing in the 8 to 12 µm region. 
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NEW MEMBERS 

FIGURE 5. Radiation exchange between the sunlit surface 
of the Earth and space and between the non-sunlit sur
face of the Earth and space. 

FIGURE 6. Interpretation of radiation exchange experi
ments between Earth and space. 

Fig. 5(b) indicates the situation on the non-sunli t surface 
of the Earth. F ig . 6 represents an interpretation of radia
t ion exchange experiments between Earth and space, i.e., 
not look ing directly at the Sun. 
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