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Introduction: We report investigations of HDO 

and H2O on Mars using CSHELL at the NASA IRTF 
for seasonal dates that span the entire Mars year.  Our 
objective is to obtain measurements of the seasonal 
and latitudinal variation of the [HDO]/[H2O] ratio and 
thereby obtain better insights into the dynamics of 
Mars’ atmosphere. The instrument slit is typically po-
sitioned N-S along the central meridian resulting in a 
one-dimensional map of HDO (1997-2006) and/or 
H2O (2001-2006) [1].  Column densities are extracted 
at intervals between 0.6 and 1.0 arc-second;  
[HDO]/[H2O] ratios are calculated for various latitudes 
and seasons. Our database includes seasonal dates in 
Table I. 
 
TABLE I 
CSHELL Observations of Mars 

UT Date Ls Del-Dot 
Diame-

ter 

    (km sec-1) arc-sec 

       

21-Jan-97 67.3o -15.3 9.6 

10-Jan-02 306.0o +13.0 6.0 

13-Jan-03 124.0o -14.9 4.8 

21-Mar-03 154.7o -15.6 6.9 

15-Jan-07 357.2o +16.3 10.3 

 
The values for the [HDO]/[H2O] ratio on Mars are 

useful in developing atmospheric models, estimating 
the evolution of water on Mars, and dating Mars mete-
orites [2,3,4,5,6]. We have measured ratios approxi-
mately five times larger than the Standard Mean Ocean 
Water (SMOW) ratio on earth; we have found this 
ratio to vary with season and latitude [7]. The 
[HDO]/[H2O] ratio is believed to have increased over 
time through Rayleigh distillation [3,4].  The effi-
ciency of deuterium to hydrogen escape is 32% for the 
present epoch [4].  Also, the ratio could display a 
hemispherical variation because of different mean 
temperatures in the polar caps. 

 
Observations: Our group has initiated an observ-

ing program to test the hypothesis that the polar caps 
have different concentrations of HDO [8]. We conduct 
nearly simultaneous measurements of HDO and H2O 
in the near-IR.  DiSanti and Mumma developed a tech-
nique for mapping HDO on Mars through its ν1 fun-

damental band near 3.67 µm using CSHELL at the 
NASA IRTF [9]. Novak et al. extended the approach 
significantly and describe nearly simultaneous meas-
urements of ozone and HDO on Mars acquired in 
January 1997 (Ls = 67o) [1]. For data taken from 1997 
to 2003, we compared our HDO data to H2O results 
obtained from TES [10] (M. Smith, private communi-
cation).  Since 2003, we have been using absorption 
lines near 3.33 µm to determine H2O abundances. The 
approach is illustrated in Figure 1 with data taken on 
January 15, 2006 when Ls = 357o. 

 
Fig. 1.  Detection of HDO (top panel) and H2O 
(lower panel) for January 15, 2006, Ls = 357o.  The 
slit was N-S on Mars and the spectra/spatial images 
were integrated for four minutes on Mars. Top 
traces are observed spectral extracts (3 rows or 0.6 
arc-second).  The spectral lines on Mars are Dop-
pler shifted from their terrestrial counterparts 
(+16.3 km/sec). Terrestrial models were con-
structed and subtracted from the observed spectra.  

Seventh International Conference on Mars 3283.pdf



The difference appears in the lower traces.  A best-
fit Mars model provides the measured column den-
sity.  H2O spectra were also taken near 3028 and 
3035 cm-1. 
 
Analysis: The spectra were analyzed by generating 

models for both Mar’s and the Earth’s atmosphere. 
GENLN2 [11], a line-by-line atmospheric transmit-
tance and radiance model, was used to construct these 
models.  GENLN2 uses a twenty-nine layer profile of 
the atmosphere (pressure, temperature, and molecular 
density values for each layer) with spectral lines from 
the HITRAN-2004 database [12]. First, a model of the 
Earth’s atmosphere was constructed to fit the terrestrial 
lines of the observed spectra (Fig. 1).  This model was 
subtracted from the observed spectra resulting in re-
siduals containing the Mars absorptions (lower traces 
in Fig. 1).  Using a similar layered profile for the Mar-
tian atmosphere, a Mars model was constructed and 
Doppler shifted (Fig. 2).  This model was combined 
with the Earth model; then the Earth model was sub-
tracted from the combined model to obtain a model for 
the residuals (lowest trace, Fig. 2). 

 

 
Fig 2.  Atmospheric models generated by GENLN2.  
Such models are used to determine molecular col-
umn densities from spectral extracts as presented in 
Fig. 1.  A Mars model consisting of vertical profiles 
of temperature, pressure, and molecular densities in 
twenty-nine layers is first constructed; it is then 
shifted according to its relative velocity with the 
earth and sun.  Similarly, a best fit model is gener-
ated for the Earth’s atmosphere and combined with 
the Mar’s model.  The Earth model is then subtracted 
from the combined model to obtain the remaining 
Mars lines.  A best fit is performed between the dif-
ference spectra of the model and the observation.  
The model is constructed using the natural line 
widths, and is deconvolved to the CSHELL resolu-
tion (~40000). 

 

The temperature of Mars’ surface and atmosphere 
changes with latitude.  The spectral continuum ob-
served is a combination of reflected sunlight and ther-
mal emission from Mars; the relative component of 
each is obtained by measuring the equivalent width of 
the observed solar Fraunhofer lines (Fig. 1b) [1].  As 
the thermal emission increases, the observed equiva-
lent width decreases.  The relative size of the absorp-
tion lines in the HDO spectra (indicated by x’s in Figs. 
1b and 2) changes with temperature. Our Mars model 
includes the thermal emission and the temperature pro-
file of the atmosphere.  The column densities reported 
are those that have the best fit to the observed spectra. 

 

 
Fig. 3.   Measured column densities for H2O and 
HDO on 15 January 2006 (Ls = 357o).  The H2O val-
ues are consistent with TES values for the same sea-
son [10].  Note that in the southern hemisphere 
1000*[HDO] is greater than [H2O] whereas in the 
northern hemisphere, the relative values are reverse. 
A similar pattern has been reported for data taken at 
Ls = 67o [8]. 

 
Results: Our measurements of H2O and HDO col-

umn densities for data taken at Ls = 357o appear in Fig. 
3. The ratio of these values compared to SMOW ap-
pears in Fig. 4a.  At this season, dust and ice clouds in 
the atmosphere are at a minimum [10].  Also appearing 
in Fig. 4 are previously reported values of 
[HDO]/[H2O] ratio [8]. The [HDO] values are from 
our analysis of CSHELL data; the [H2O] values are 
from TES taken at the same season but different years. 
The [HDO]/[H2O] ratio for Ls = 357o in the northern 
hemisphere is constant with latitude and lower than 
previously measured values; the northern hemisphere 
is coming out of winter when much of the water vapor 
in the atmosphere has condensed into ice. Since HDO 
preferentially condenses before H2O, we believe that 
the ratio would be lower than at other seasons.  In the 
southern hemisphere, the ratio increases southward.  
This pattern also appears with our results from Ls = 
67o [8], but the ratios are higher in both hemispheres.  
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Water vapor in the northern hemisphere drastically 
increases between Ls = 357o and Ls = 67o [10].  At Ls = 
67o, most of the water vapor in the atmosphere would 
have been recently sublimated from the ice in the polar 
cap which could explain the higher [HDO]/[H2O] ra-
tio.  Fig. 4b shows data from both seasons normalized 
to the [HDO]/[H2O] ratio in the northern hemisphere 
and plotted with respect to the latitude from the sub-
solar point. The “normalized” ratios for the two sea-
sons are consistent with each other. Both show an in-
crease in the ratio towards the south.  

 

 
 

Fig. 4.  Results for Ls = 357o compared to data taken 
for Ls = 67o.  A. The ratio for Ls = 67o was obtained 
with our results [1] and the H2O values were taken 
from the TES database (M. Smith, private communi-
cation) for the same season but successive Martian 
years [8].  The Ls = 357o values were obtained from 
data presented in Fig. 3. B. The results of Fig. 4a are 
normalized to their mean values in the northern 
hemisphere and plotted with respect to latitudes rela-
tive to the sub-solar point (23.5oN for Ls = 67o; 1oS 
for Ls = 357o).  For both sets of data, the ratio north 
of the sub-solar latitude is relatively constant, but 

their means differ, probably because of seasonal ef-
fects. Likewise, the ratio increases towards the south. 

 
Conclusions: Both set of results indicate a larger 

[HDO]/[H2O] ratio in the southern hemisphere; pre-
liminary analysis of data for the other dates presented 
in Table I show a similar pattern [7].  We conclude 
that deuterium is preferentially sequestered in the 
southern polar cap.  Montmessin’s model [5] predicts a 
constant value from 30oS to 30oN with a decrease ap-
proaching the polar regions.  Fisher’s model [6] uses 
different ground reservoirs and has developed scenar-
ios for a hemispherical variation of the [HDO]/[H2O] 
ratio.  These and other models that explain the 
[HDO]/[H2O] ratio are based on relatively few obser-
vations.  Our measurements will help to perfect these 
models. 

 
We will reanalyze our observations for the other 

seasonal dates presented in Table I using recently de-
veloped analysis techniques.  The GENLN2 atmos-
pheric model has enabled us to model more accurately 
the Earth’s atmosphere, thus providing better meas-
urements of the Mars absorptions.  Observations of 
Mars for northern spring, when the water vapor con-
tent of both hemispheres rapidly changes, have been 
proposed for the near future. 
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