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Introduction:  Infrared and solar radiation are two 

of the dominant terms in the polar energy budget of 
Mars [1]. Seasonal accumulation and sublimation of 
carbon dioxide ice is largely controlled by the balance 
of emitted infrared and absorbed solar radiation [2]. 
Perturbations in these terms on a range of spatial and 
temporal scales, caused by atmospheric or surface 
phenomena, can influence the net accumulation or loss 
of the perennial CO2 cap [3]. Previous observational 
studies of the Martian polar heat budget have focused 
on limited regions of interest and time periods [2, 4]. 
We utilize the growing multi-year record of Mars re-
mote sensing data to constrain the balance of radiation 
in the polar regions, and assess the implications for 
Mars’ climate. 

Energy Budget Models:  In a one-dimensional 
surface energy balance model [1], absorbed solar ra-
diation ( Fsolar ) and heat conducted from the subsurface 
( Fcond ) are balanced by emitted thermal radiation ( FIR ) 
and any latent heat released by condensing volatiles (
QCO 2 ): 

 Fsolar + Fcond −QCO 2 − FIR = 0   
 
Including the effects of the atmosphere, the model 
must account for rate of change of internal (potential 
and kinetic) energy of the column (Qint ), and the sen-
sible heat advection from adjacent columns ( Fadv ). 
Figure 1 shows these terms schematically. The total 
radiation term ( Frad = Fsolar + FIR ) is typically dominant 
[5], being strongly positive (net heating) in the summer 

and strongly negative (net cooling) in the winter. When 
cooling is sufficient for CO2 frost to form on the 
ground, downward conduction becomes negligible, and 
the competing effects of absorbed sunlight (if any) and 
emitted infrared radiation drive either further deposi-
tion or sublimation of existing CO2 [6]. In the special 
case of the south residual cap (SRC), CO2 ice persists 
through the summer, providing a buffer against chang-
es in temperature by adjusting the atmospheric pres-
sure. As long as this buffer exists, the global mean 
atmospheric pressure of Mars ( p0 ) is controlled by the 
SRC’s radiation budget [1]: 

 
p0 = pCO2 Teq( ),
Teq ≈ S 1−α( ) εσ[ ]1 4 ,

  

where pCO2  is the CO2 equilibrium vapor pressure, S  
is the mean annual insolation, α  and ε  are cap solar 
albedo and infrared emissivity, and σ  is the Stefan-
Boltzmann constant. Obliquity (θ ) variations would 
cause large adjustments in the equilibrium temperature 
Teq , because S ~ sinθ  [7]. Additionally, changes in 
the SRC’s albedo (e.g., by dust storms) or emissivity 
can also cause dramatic changes in Mars’ global at-
mospheric pressure (Fig. 2). By measuring the OLR 
and solar reflectance of the SRC, we can directly con-
strain its effective albedo and emissivity. A primary 
goal of this study is to provide constraints on the radia-
tion budget of the SRC and identify any changes that 
might indicate interannual variations in expected glob-
al mean atmospheric pressure. 

Data and Methods:  In this study, we used solar 
and infrared data from the Mars Climate Sounder 
(MCS) instrument [8] on the Mars Reconnaissance 
Orbiter (MRO), and the Thermal Emission Spectrome-
ter (TES) on the Mars Global Surveyor (MGS) space-
craft, spanning eight Mars years (MY). TES on-planet 
infrared emission and solar albedo data used here span 
MY24 to MY27, and the MCS infrared and solar data 
(limb and nadir) span MY28 to MY31. The multispec-
tral measurements provide information on both surface 
and atmospheric properties, including temperature and 
composition. Most importantly for this study, bright-
ness temperature measurements made by these two 
instruments span a range of wavelengths, which covers 
the thermal emission spectrum and allows estimation 
of total outgoing longwave radiation (OLR). Calibrated 

 
Figure 1:  Polar energy budget of Mars. Approximate 
ranges for each term are given, although these vary 
greatly by season and location. 
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broadband solar radiances are converted to bidirection-
al reflectance values, which can be used to derive the 
Bond albedo (fraction of total incident flux reflected) 
by using a model for the directional-hemispherical 
reflectance of the surface-atmosphere system. 

Results:  Both hemispheres show significant re-
gional and interannual variations in thermal emission 
(Fig. 3) and albedo [10]. Preliminary results suggest 
that dust storm activity may be at least partly responsi-
ble for the observed interannual variability in seasonal 
cap emissivity; atmospheric heating caused by more 
dust activity in southern summer reduces CO2 snowfall 
in northern winter, increasing cap emissivity. Surpris-
ingly, net wintertime thermal emission in the northern 
hemisphere is nearly equal to that of the southern hem-
isphere, despite its lower elevation (Fig. 4). This im-
plies an effective emissivity ~15–20% lower in the 
northern hemisphere, compared to the south. Such an 
effect could be driven by CO2 snowstorms, which 

models suggest could contribute more material to the 
northern seasonal cap, due to its higher pressure and 
augmented dust loading [11, 12]. In this case, the net 
accumulated CO2 frost M  is given by a balance be-
tween outgoing long-wave radiation and the latent heat 
of deposition, such that: 

M ~ FIR Δt / L   
where the quantity in brackets is the mean broadband 
IR flux, and Δt is the length of the polar winter season. 
Because their observed IR fluxes are the same, the 
ratio of wintertime mass accumulation at the two poles 
is then just the ratio of the lengths of their winters:  Δts/ 
Δtn ≈ 1.15, i.e. we expect ~15% greater accumulation 
at the south pole during winter. The summertime cap 
albedo and conduction into the subsurface also strong-
ly affect the annual mass balance of CO2 between the 
polar caps and atmosphere, again probably favoring 
the south pole for net accumulation [2, 13]. 
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Figure 2: Effects of obliquity cycles and south residual 
cap albedo variations on global atmospheric pressure. 
The red symbol indicates the range of current atmospher-
ic pressures. Dynamical models predict the full range of 
obliquity shown over Myr time scales [9]. 

 
Figure 4:  Outgoing long-wave radiation from the polar 
regions of Mars. Both hemispheres show striking 
similarity in OLR during their respective winters, despite 
the difference in surface pressure. A significant reduction 
in OLR is observed in southern summer of MY29 (the 
year after a major dust storm), compared to MY30. 

 
 
Figure 3: MCS north polar nadir brightness temperatures at 
22 µm, with blues and greens indicating low-emissivity 
“cold spots” associated with fine-grained CO2 snow depos-
its. Note the significant reduction in cold spots in MY29 
(left), when CO2 cloud activity was lower than MY30 (right). 
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