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Introduction: Seasonal and geographic variations 

of the water vapor in the Martian atmosphere over sev-

eral Martian years have been observed by multiple 

orbiting spacecraft and are fairly well understood (e.g. 

[1], [2]). Vertical distribution of the water vapor in the 

Martian atmosphere is an important aspect of the Mar-

tian water cycle that is currently not well studied due 

to a lack of systematic observations. Most of the exist-

ing observations of the vapor vertical profile come 

from the observations of the planet limb (e.g. [3], [4], 

[5]), which miss most of the planetary boundary layer 

(PBL) (~10 km on Mars).  

We use Mars Global Surveyor (MGS) Thermal 

Emission Spectrometer (TES) daytime (2 pm) and 

nighttime (2 am) nadir observations to constrain verti-

cal distribution of the vapor at the site of the Phoenix 

Lander [6] during northern summer. Our results sug-

gest that water vapor is concentrated in the lowest 6-10 

km above the ground and that the atmosphere is very 

dry above that height. 

MGS TES data: MGS TES is a Fourier interfer-

ometer that collected far-infrared (~6-50 µm) spectra 

of Martian atmosphere and surface for almost 3 Mar-

tian years [7] at two local times – 2 am and 2 pm. The 

daytime spectra (2 pm) were used to establish multi-

year variability of the dust, water vapor and water ice 

cloud cycles [2]. Daytime retrievals are not sensitive to 

the vertical distribution of the water vapor, and the 

retrieval algorithm assumed that the mixing ratio of 

water vapor was uniform below the condensation 

height of water ice clouds (‘uniform’ model). 

Nighttime (2 am) retrievals are possible at locations 

where the atmosphere is significantly warmer than the 

surface. Such favorable conditions exit at the northern 

polar region during spring and summer. Nighttime 

retrievals are sensitive to the water vapor vertical dis-

tribution. Application of the ‘uniform’ model to 

nighttime retrievals produces mixing ratios that are 

significantly different from the daytime values. Sys-

tematic errors of ~10 K in the TES-derived atmospher-

ic temperatures [8] could explain this difference but 

such large errors are unlikely. It is more likely that the 

‘uniform’ model is inadequate for the description of 

water vapor in the polar region. We have developed a 

new retrieval algorithm that relies on a ‘non-uniform’ 

model of the water vapor, in which the vertical extent 

of vapor is not tied to the cloud condensation height.  

Retrieval algorithm: The retrieval algorithm relies 

on the observation that daytime TES spectra are sensi-

tive to the total abundance of water vapor, while 

nighttime spectra are sensitive to the vapor vertical 

distribution. The algorithm finds the vapor density 

profile that fits both the day and night observations. 

We assume that at night the vapor density profile is 

modified by formation of ice clouds where vapor pres-

sure exceeds the saturation pressure, and by interaction 

with the surface (adsorption, frost). Figure 1 compares 

mixing ratio profiles for the ‘uniform’ and ‘non-

uniform’ models. The retrieved parameters are the 

height of the ‘wet’ layer Hv and the mixing ratio of 

vapor in the ‘wet’ layer. 

 

Figure 1. Comparison of the water vapor mixing ratio 

profiles in the ‘uniform’ and ‘non-uniform’ models. Hv – 

height of vapor, Hc – height of ice cloud base 

First, a daytime spectrum is used to calculate the water 

vapor index – which defines the strength of the water 

vapor absorption between 30 and 40 µm. A numerical 

model is then used to calculate water vapor indices for 

a range of vapor mixing ratios. Vapor mixing ratio is 

retrieved by comparing the observed and modeled in-

dices. Nighttime index is then calculated using the 

daytime density profile modified by condensation of 

ice in the cloud. Vapor is also removed from the lowest 

model layer (~0.4 km) to simulate adsorption of vapor  

by the surface at night. Observed and calculated 

nighttime water vapor indices are compared and the 

vertical extent of vapor is adjusted to bring closer the 

observed and calculated nighttime indices. The day-
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time retrieval is repeated with the new Hv. The process 

repeats until both daytime and nighttime spectra can be 

matched with the same water vapor density profile. 

The solution for Hv and mixing ratio is unique.  

Results: We apply the retrieval algorithm to the 

data collected by TES in Mars Years (MY) 25 and 26 

over the landing site of the Phoenix Lander (~234E, 

~68N) from Ls=70-140, because of the availability of 

the in situ data [6] from the Lander (from a different 

Mars year but the same season) for comparison. 

 

 
Figure 2. Retrievals for MY25. (A) Height the top of the 

‘wet’ layer (solid line) and ice cloud condensation heights: 

day (dotted) and night  (dashed). (B) Retrieved water 

vapor mixing ratio in ppmm. 

Figure 2A shows changes in the height of the ‘wet’ 

layer and of the ice cloud base with time during north-

ern summer in MY25. The height of the ‘wet’ layer 

remains roughly constant at 10-6 km, except for a brief 

period at Ls=90-100, when it increases to ~18 km. 

Daytime clouds appear briefly at 15-17 km on Ls=90-

95, and then reappear more permanently after 

Ls=110 at 8 km. The nighttime clouds appear at 14 

km on Ls=90, and their height gradually decreases 

with time to ~0±5 km at Ls=135-140. This behavior 

of the ice clouds is generally consistent with the obser-

vation of the Phoenix LIDAR instrument [9]. Figure 

2B shows vapor mixing ratio retrieved with the new 

model. The retrieval produces higher mixing ratios 

than the retrieval with ‘uniform’ model, because the 

vapor is concentrated closer to the ground and higher 

mixing ratios are needed to match the daytime column 

abundances. Finally, Figure 3 compares water vapor 

density contours for the retrievals with the ‘uniform’ 

(top panel) and the ’non-uniform’ models (bottom pan-

el). The contours are in increments of 1×10
-6

 kg/m
3
, 

the maximum contour in the bottom panel at Ls=115 

is  1×10
-5

 kg/m
3
. 

 
Figure 3. Evolution of the water vapor density (shaded 

contours) and cloud condensation heights (dotted and 

dashed lines) in MY25 based on retrievals with ‘uniform’ 

and ‘non-uniform’ models.  

Conclusions: We have developed a new retrieval 

algorithm that allows to constrain the vertical extent of 

water vapor in the Martian atmosphere from combined 

daytime and nighttime MGS TES data. Application of 

the algorithm to TES observations from the northern 

polar summer suggests that the vapor is limited to the 

height of 6-10 km above ground. On several occasions 

water vapor extends above the cloud condensation 

height, but the atmosphere is generally very dry above 

these heights. New retrievals provide a better descrip-

tion of the evolution of the vapor vertical extent than 

the retrievals based on the ‘uniform’ model. The new 

retrieval algorithm can be extended to TES observa-

tions on global scale yielding maps of water vapor 

height variability at different locations and seasons. 
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