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142 Radiative Transfer

Applying (4.42) to radiation reaching the satellite
from directly below, we can write

(4.57)

where I! " is the monochromatic radiance sensed by
the satellite at wave number !, Ts is the temperature
of the underlying surface, #!* is the optical thickness
of the entire atmosphere, and #!(z) is the optical
thickness of the layer extending from level z to the
top of the atmosphere. Integrating over the narrow
range of wave numbers encompassed by the ith
channel on the satellite sensor, we obtain

I! " $ B! (Ts)e% #! * & !"

0
B! [T(z)]e%#!(z)k!'rdz

(4.58)

where Ii is the radiance and

(4.59)

called the weighting function, represents the contri-
bution from a layer of unit thickness located at level
z to the radiance sensed by the satellite. The weight-
ing function can also be expressed as the vertical
derivative of the transmittance of the overlying layer
(see Exercise 4.55).

Figure 4.33 shows transmittances and weighting
functions for six channels that were used in one of

wi $ e%# i(z)ki'r

Ii $ Bi (Ts)e% #i * & !"

0
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Fig. 4.33 (Top) Intensities or radiances (scale at left) and equivalent black-body temperatures (scale at right) in the vicinity of
the 15-(m CO2 absorption band, as sensed by the satellite-borne vertical temperature profiling radiometer (VTPR). Arrows
denote spectral bands or “channels” sampled by the instrument. The weighting functions and transmittances for each of the chan-
nels are shown below. [Adapted from K. N. Liou, An Introduction to Atmospheric Radiation, Academic Press, pp. 389–390 (2002).]
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15 μm CO2 Absorption Band

[Wallace and Hobbs, 2006]
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