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Radiation and the atmosphere

O great inportance is the difference between how t he
at nosphere transmts, absorbs, and scatters solar and
terrestrial radiation streans. The nobst inportant
statenent that one could nake is that the atnosphere is
relatively transparent to solar radiation but is
relatively opaque to terrestrial radiation.

In the absence of dense clouds, a large fraction of the
i ncident solar radiation penetrates the atnosphere and
reaches the surface. Mdst of the radiation (Iongwave)
emtted by the earth surface is absorbed by the

at nosphere but, because the atnosphere is a good
absorber, it is also a good emtter (Kirchhoff’'s |aw)
and reemts a large portion of the absorbed energy back
to the surface. This is the “green house effect”.

Scattering of solar radiation

The scattering of sunlight in atnosphere is responsible
for the blue color of the sky in clear conditions and
also for the lack of color when the air is laden with
pollutants (unless pollutants are al so sel ective
absorbers in which case the sky, especially the | owest

| ayers when viewed fromthe side, can appear a mnurky

br own) .

The bl ue or col orl ess appearances of the sky result
fromtwo distinct types of scattering:

1) Rayl eigh scattering is by particles (nolecules in
this case) much smaller than the wavel ength of the
radi ati on. Rayl eigh scattering is very wavel ength
dependent such that the scattering coefficient (a
neasure of the efficiency of the scattering)
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For exanple, taking the wavel ength of blue light to
be 0.47, and that of red light to be 0.64 um,

k(blue) (0.64j4 .
k(red) | 0.47

Thus, blue light is nuch nore strongly scattered
than red light, accounting for the blueness of the
sky and for the red col or of sunsets.
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2) Me scattering is by particles of the sane order of
size as the wavel ength (such as solid particles or
small liquid droplets in polluted or hazy air) is
i ndependent of the wavelength. As a result, the sky
appears white or colorl ess when heavy with
pol | ut ant s.

See al so the follow ng diagram presenting a general
pi cture of scattering in the atnosphere.

e Show a scattering diagram

Transfer and absor ption of solar radiation

Generally, a cloud-free atnosphere absorbs sol ar

radi ati on (short-wave) only weakly. However, the
shorter wavel engths (A<~03um) are elimnated at high
altitudes by N,, & and O;. Strong absorption by ozone
at about 50 km produces the tenperature nmaxi numat this
hei ght (the stratopause). In the near infrared, water
vapor has several rather weak absorption bands. See the
following two diagrans for details.

e Show a diagramfor absorptivity

Cl ouds absorb sone solar radiation but are nostly
responsi bl e for scattering and for reflection of solar
energy back to space. The earth’s al bedo of 0.3 is

| argely a consequence of the anmount of cl oudiness.
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Atmospheric absorption of terrestrial radiation

The spectral absorptivities shown in the foll ow ng
diagramclearly show the |arge differences between
absorption and transm ssion of solar and terrestri al
radi ati on. Again, the atnosphere is relatively
transparent to solar radiation but nearly opaque to
terrestrial radiation. Recalling that the spectrum of
terrestrial radiation spans a range from about 4 umto
100 um with a peak at about 10 um, we see that nost
radi ati on emanating fromthe earth surface woul d be
absorbed by the atnosphere, with water vapor and CO
bei ng the principle absorbers.

An at nosphere “w ndow’ appears in the absorption
spectrum near the peak in the spectrumof terrestria
radi ation (~10 um) allow ng | ongwave radiation to
escape to space under cloud-free conditions. This
“Wwndow’ in this part of the spectrumis utilized by
satellite IR imgery to observe cloud cover and ot her
features both day and night.

Cl ouds are very strong absorbers of | ongwave radiation.

The earth/atmospher e ener gy budget

Bei ng a good absorber of |ongwave radiation, and
according to Kirchhoff’s | aw, the atnosphere is al so an
excellent emtter of radiation of the sane spectra
conposition. Clouds are al so good emtters of
terrestrial radiation according to their tenperature,
warm (usually low) clouds emt nore strongly than cold
(usually high) clouds, as dictated by the Stefan-
Bol t zmann | aw.

Thi s absorption and em ssion of terrestrial radiation
plays a large role in governing the energy bal ance of
the earth/atnosphere systemand is the reason that
changes in the concentration of “greenhouse” gasses are
likely to have an inpact on global clinmate.

The follow ng diagram sumrmari zed, in a globally
averaged manner, the exchanges of energy that take

pl ace between the earth’s surface, the atnosphere, and
space. Al the nunbers are nornmalized to 100 units of

i ncom ng solar radiation. Note the |arge magnitudes
associated with | ongwave radi ati on, sone of the nunbers
even larger than that of the ultinmate energy source,

t he sun.
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Radiative Energy Budget
Eart h/ at nospheri c system
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Net | ongwave emtted

Earth surface
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