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Introduction:  Water vapor is present in the 

Martian atmosphere in only trace amounts, but is an 
important factor in the current Martian climate system. 
Any mass exchange between the largest reservoirs of 
frozen water on Mars (polar caps and permafrost) can 
only occur by vapor transport through the atmosphere. 
The evolution of the polar caps and formation of 
mantled deposits is intimately related to water vapor 
transport [1]. Condensation of water vapor in the 
Martian atmosphere leads to the appearance of 
ubiquitous water ice clouds that can significantly 
influence the thermal state of the atmosphere [2]. 
Water vapor abundances on Mars undergo regular 
seasonal changes that reflect changes in planetary 
insolation, atmospheric dynamics, surface-atmosphere 
exchange and other planetary processes [3]. Column 
abundances of the water vapor in the Martian 
atmosphere have been measured by multiple orbiting 
spacecraft over several Martian years and are fairly 
well understood. On the other hand, the vertical 
distribution of the water vapor  while being an 
important characteristic of the Martian water cycle  
has not been systematically observed. Solar 
occultations and limb observations by orbiting 
spacecraft provide the most accurate views of the 
vapor vertical distribution. However, for Mars 
observations are only available for limited locations 
and seasons, and retrievals below heights of ~10 km, 
where the bulk of the atmospheric water vapor resides, 
are generally not possible [e.g. 4, 5]. 

A new methodology to retrieve water vapor vertical 
distribution from combined day and night observations 
of infrared nadir spectra is proposed. The methodology 
is applied to the vast Mars Global Surveyor (MGS) 
Thermal Emission Spectrometer (TES) spectral 
dataset. Due to the TES dataset’s near-global spatial 
coverage and multi-annual temporal coverage, the 
resultant dataset of vapor vertical distribution promises 
to significantly expand our understanding of the 
Martian water vapor cycle. Details of the new 
methodology and some preliminary results are 
discussed below. 

Retrieval of water vapor vertical profile from 
TES nadir spectra: TES spectra were collected at two 
local times – at ~2 am and ~2 pm. Atmospheric water 
vapor spectral bands appearing in TES daytime spectra 
at wavenumbers 230400 cm-1 have been previously 
used to retrieve vapor abundances in the atmosphere 

[3,6,7]. The methodology to retrieve vertical 
distribution of water vapor from TES nadir spectra is 
based on the observation that vapor spectral signature 
in the daytime spectra is only weakly dependent on the 
vertical profile of vapor (constraining column 
abundance), while in the nighttime spectra it is 
strongly dependent on the vapor profile below ~20 km. 
Figure 1 illustrates this sensitivity by showing changes 
in the TES water vapor band depth index (BDI) in 
response to changes in the vapor content at different 
atmospheric altitudes (vertical axis) for daytime and 
nighttime observations. 

 
Figure 1. Sensitivity of the TES water vapor band 
depth index to vapor vertical distribution in the 
atmosphere (Northern midlatitudes, Ls=100). 
Open squares – daytime, asterisks – nighttime 
observations. 

For daytime observations the BDI is equally 
sensitive to the changes in vapor content (relative to 
the uniform distribution) at any altitude below the 
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altitude of vapor condensation (~17 km). On the other 
hand the BDI calculated using nighttime observations 
behaves differently depending on where in the 
atmosphere the change in vapor is taking place. The 
night BDI increases if the vapor is removed from the 
atmosphere at heights below ~8 km, and decreases if 
the vapor is removed above ~8 km (Figure 1). By 
using this difference in the sensitivity to vapor vertical 
distribution, the proposed methodology can constrain 
vertical distribution of the vapor in the lower 20 km of 
the atmosphere with vertical resolution ~10 km. To 
carry out the retrieval, the TES day and night spectra 
are averaged on 3×7.5 latitude-longitude spatial grid 
on temporal intervals of 5 Ls. For each spatial grid 
point the average day and night spectra provide two 
observations that allow determining two water vapor 
mixing ratio values: one representative of the 
atmosphere below ~10 km, and the other – between 
~10 and ~20 km (Figure 1). Diurnal variability in 
vapor abundances near surface (associated with 
nighttime frost formation or possible regolith 
adsorption/desorption) and at higher altitudes 
(associated with ice cloud formation) is assumed to be 
small compared to total column abundance and not 
significantly affecting vapor distribution on vertical 
scales ~10 km. The methodology relies on the 
existence of sufficient thermal contrast between the 
surface and the atmosphere, and between atmospheric 
regions below and above ~10 km.  

 
Figure 2. Vertical distribution of zonally-averaged 
water vapor mixing ratio at Ls=5-10. Color scale 
from 0 (black) to 400 ppmv (red).  

Preliminary Results:  Figure 2 shows example of 
the water vapor vertical distribution retrieved for 
MY25 Ls=510, early northern spring. A 
significantly non-uniform distribution is observed, 
with highest vapor mixing ratios found at pressure 
levels 13 mbar (515 km above surface) in the tropics 
(latitudes from 30 to 30). This retrieved distribution 

is consistent with the distributions simulated by the 
global circulation models (GCM) [e.g. 8], with the 
water concentrated in the upper branch of the Hadley 
cell during this season. Figure 3 shows retrieval 
example for Ls=100105, early northern summer. 
Water vapor is found concentrated near the surface in 
the northern mid-latitudes and the polar region, 
consistent with the southward transport from the 
sublimating northern seasonal ice deposits and the 
polar cap. This distribution is again consistent with the 
one simulated by GCMs for this season [8]. 

 
Figure 3. Same as Figure 2, but for Ls=100-105, 
and mixing ratio color scale from 0 (black) to 1000 
ppmv (red). 
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