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Terrestrial Radiation Spectrum 
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Terrestrial Radiation Spectrum 
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The highest brightness temperature for the spec-
trum in Fig. 4.31 is just above 290 K, which corre-
sponds closely to the temperature of the Earth’s
surface at the particular place and time that the
sounding was taken. This maximum value is realized
within a broad “window” covering most of the range
from 800 to 1200 cm!1; the same window in the
infrared region of the spectrum that was mentioned
in the discussion of Fig. 4.6. This feature is revealed
more clearly by the more finely resolved emission
spectrum shown in Fig. 4.32, in which the ordinate is
brightness temperature. Values as low as 220 K in
Fig. 4.31 and 207 K in Fig. 4.32 are realized near the
center of a broad CO2 absorption band extending
from around 570 to 770 cm!1. The radiation in much
of this range is emitted from around the tropopause
level. Intermediate values of brightness temperature,
observable at various points along the spectrum, tend
to be associated with intermediate absorptivities for
which the levels of unit optical depth are encoun-
tered in the troposphere.

Throughout most of the emission spectrum shown
in Figs. 4.31 and 4.32 absorption bands appear
inverted; i.e., higher atmospheric absorptivity is associ-
ated with lower brightness temperature, indicative of
temperatures decreasing with height.A notable excep-
tion is the spike at 667 cm!1, which corresponds to a

band made up of particularly strong CO2 absorption
lines. This feature is more clearly evident near the left
end of the more finely resolved spectrum in Fig. 4.32.
Within this narrow range of the spectrum the radia-
tion reaching the satellite is emitted from levels high
in the stratosphere, where the air is substantially
warmer than at the tropopause level. Such upward
pointing spikes in emission spectra of upwelling radia-
tion are indicative of temperature inversions.

If the radiation reaching the satellite in each chan-
nel were emitted from a discrete level of the atmos-
phere, precisely at the level of unit optical depth
for that channel, remote temperature sensing would
be straightforward. One could simply monitor the
monochromatic intensities in a set of channels whose
optical depths match the levels at which tempera-
tures are desired and use the measurements in the
respective channels to infer the temperatures.
Vertical resolution would be limited only by the
number of available channels. In the real world,
retrieval of the temperatures from the radiances is
not quite so simple. The vertical resolution that is
practically achievable is inherently limited by the fact
that the radiation in each channel is emitted, not
from a single level in the atmosphere, but from a
deep layer on the order of three scale heights in
depth (Exercise 4.47).

Fig. 4.32 As in Fig. 4.31, but a more finely resolved top of atmosphere spectrum sensed by an instrument aboard the NASA
ER-2 aircraft flying over the Gulf of Mexico at the 20-km level. Note that in this plot the ordinate is brightness temperature rather
than monochromatic intensity. [From K. N. Liou, An Introduction to Atmospheric Radiation, Academic Press, p. 122 (2002). Courtesy
of H. -L. Allen Huang and David Tobin.]
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15 μm CO2 Absorption Band"

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
wiBi[T(z)]dz
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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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Tropospheric Emission Spectrometer (TES)"

• On the NASA Aura spacecraft (launched July 2004) 

• Infrared Fourier transform spectrometer  (3.3 - 15.4 µm)  
• Nadir footprint = 8 km x 5 km 
• Orbit repeats every 16 days 
• Observations spaced about 2º along orbit track 
• Data products include O3, CO, H2O, HDO, CO2, and 
CH4 

 



TES CO2 Retrievals"

[Kulawik et al., 2010] 



TES CO2 Retrievals"

[Kulawik et al., 2010] 



GOSAT and OCO-2"

Greenhouse gas Observing SATellite (GOSAT) 
•  launched January 2009 
 

Orbiting Carbon Observatory (OCO-2) 
•  to be launched July 2014 



CO2 absorption in reflected sunlight"

[Connor et al., 2008] 



OCO-2 vertical sensitivity"

[Connor et al., 2008] 


