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Introduction:  Using radiometric observations 

from the Mars Climate Sounder (MCS) during south-
ern winter, we report evidence that polar cold spots (Tb 
< 135 K) at Mars’ south pole are correlated with tro-
pospheric, optically thick clouds. In limb observations 
coincident with nadir measurements of low brightness 
temperature regions, clouds appear as radiation 
sources at typical altitudes of 20 – 30 km. Using statis-
tical methods, we confirm that transient cold spots 
appearing during polar night are correlated with the 
presence of clouds above the surface, which are likely 
composed of CO2 ice. Areas where cold spots persist 
over the full range of solar longitude are also charac-
terized by persistent clouds, the thickness of which is 
inversely correlated with nadir brightness temperature.  
We model the Mars south polar night atmosphere with 
a customized delta-Eddington code, including spheri-
cal geometry in the formal solution to the equation of 
radiative transfer.  By forward-modeling a multi-
layered atmosphere, we attempt to reproduce the MCS 
radiance data.  Emission, absorption, and scattering by 
gas, dust, and ice (CO2 and H2O) clouds are all in-
cluded in the model.  Surface emissivity, as well as 
cloud optical thickness, composition, and altitude are 
constrained by comparison of the MCS data with the 
model output. 

Theories of Cold Spot Origins:  Since their dis-
covery during the Viking era, radiometrically cold 
areas (“cold spots” below the CO2 equilibrium tem-
perature of ≈148 K at surface pressures) within the 
polar regions during the polar night have remained an 
enigma. Three primary explanations have been ex-
plored previously [1]: 

 (1) Depletion of atmospheric CO2:  Condensation 
of carbon dioxide could lead to enrichment in non-
condensable phases, lowering PCO2 and allowing lower 
equilibrium surface temperatures [2]. 

(2) Non-unit emissivity of surface CO2:  Formation 
of frost or freshly condensed snow could lower the 
emissivity of the surface [3]. 

(3) Carbon dioxide clouds:  Optically-thick CO2 
clouds could result in lower measured brightness tem-
peratures due to scattering and/or low temperature 
blackbody emission [4, 5]. 

Hess [6] demonstrated that (1) is feasible only un-
der special circumstances due to dynamical instability. 
The spectral properties of CO2 frost and clouds are 
similar such that it has been difficult to discriminate 
between (2) and (3) as viable hypotheses. In the pre-

sent investigation, we use radiance measurements of 
both the atmospheric limb and nadir to better constrain 
the possible origin of the polar cold spots.  

Observations of Cold Spots:  The Mars Climate 
Sounder [6] onboard the Mars Reconnaissance Orbiter 
(currently in orbit at Mars) recorded a series of nadir 
and limb radiance measurements in nine spectral chan-
nels, from ~1–40 μm wavelength. The observations 
used in this study spanned a range of solar longitude, 
Ls = 111 to 148, corresponding to southern winter. 
Radiances are converted to equivalent brightness tem-
peratures using the radiometric response function of 
each filter and the Planck function. Observations are 
binned by latitude and longitude (1–5° bins) and Ls, 
and nadir brightness temperatures are compared to 
measured limb brightness temperature profiles. Figure 
1 shows an example of the correlation between clouds 
and nadir cold spots.  
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     Data Analysis:  We plotted limb brightness 
temperature profiles for the A5 channel (22.2 μm) for 
areas where measured nadir brightness temperatures 
(within three degrees of Ls) dropped below 137 K (or 
140 K) in the B1 (31.7 μm) channel.  Figure 2a com-
pares these limb profiles (blue; shaded area indicates 
1σ) to measurements at the same location, but during 
the period of maximum temperature for that spatial bin 
(red). During the period when the cold spot is present 
in the nadir data, brightness temperatures rise signifi-
cantly at ~20–30 km altitude. This is interpreted as a 
cloud, whose brightness temperature in the nadir may 
be indicative of the altitude of optical depth ~1, several 
kilometers above the surface. Figure 2b shows the lo-
cation of the cold spots for each of the two cutoff tem-
peratures. 

Statistical analysis shows that the 22-μm brightness 
temperatures at ~30 km altitude are inversely corre-
lated (R=-0.55, p<10-14) with nadir 32-μm brightness 
temperatures (Fig. 2). A thorough analysis was per-
formed to exclude any field-of-view effects due to 

surface radiance. We therefore conclude that the sys-
tematic increase in limb radiance is due to the presence 
of optically-thick clouds, likely composed of CO2 ice 
particles.  

Modeling:  The δ-Eddington approximation of the 
radiative transfer equation (RTE) incorporates a for-
ward peak into the Eddington phase function, accu-
rately representing asymmetric scattering by aerosols. 
Monochromatic fluxes can be calculated rapidly using 
this approximation within each layer of an N-layer 
atmosphere, given appropriate boundary conditions 
and optical properties of each layer. Once these fluxes 
have been calculated for each MCS spectral channel, 
we integrate the formal solution to the RTE along a 
desired ray path. This calculation yields the predicted 
MCS brightness temperature spectrum, given the prop-
erties of the model atmosphere and viewing geometry. 
Cloud height and composition are free parameters in 
this iterative scheme, which results in an accurate rep-
resentation of the south polar nighttime atmosphere 
and surface properties. Preliminary results will be pre-
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sented at this meeting. 
Discussion and Future Work:  Our statistical 

analysis shows that the brightness temperatures of po-
lar cold spots viewed from above correlate well (in-
versely) with the presence of clouds viewed at the 
limb. As discussed by other authors [1], this observa-
tion does not rule out the possibility of surface emis-
sivity effects playing a significant role as well. Our 
radiative transfer model will lend insight into the ori-
gin of cold spots and their role in the polar nighttime 
atmosphere. Tropospheric CO2 clouds may persist 
throughout polar night (see Figure 3) , precipitating 
carbon dioxide snow particles and adding latent heat to 
the polar thermal balance. Dust may also play a sig-
nificant role in the origin and evolution of CO2 clouds 
and the associated cold spots. Implications for the 
global energy balance and seasonal deposition of car-
bon dioxide will also be explored. 
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