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Introduction: Water cycle is one of the most important
seasonal and interannual cycles on Mars, closely related to 
Martian atmospheric and surface processes [1]. Water
vapor abundance in Martian atmosphere is a direct
indicator of Martian water cycles. Various approaches
based on different data, such as the IRIS [2], Martian
Atmospheric Water Detector (MAWD) [3], Thermal
Emission Spectrometer (TES) [4,5], and UV and IR 
Atmospheric Spectrometer (SPICAM) [6], have been used
to quantify the temporal and spatial distribution of water 
vapor abundance in the Martian atmosphere. Recently, 
OMEGA data has also been used to study water vapor
abundance [7], in which the water vapor absorption band
2.6 µm was applied. A preliminary comparison [8] of water
vapor measurements by three Mars Express instruments
along orbit 1023 indicates that all four results (PFS-
thermal, PFS-2.56, SPICAM-1.38, OMEGA-2.56) have
similar pattern from southern hemisphere to northern
hemisphere, though significant differences between PFS-
thermal and PFS-2.56 channels, especially north than 40˚
latitude, where OMEGA values falling somewhere between
PFS-2.56 (always high) and PFS-thermal (always low).
The SPICAM-1.38 values keep the lowest among the four.
Reasons for those differences are not yet completely clear.
But all the study of using near IR of Mars Express data
have not account for dust effect yet, though dust do not
lead to correction larger than 20-30% [8], while thermal IR 
for water vapor retrievals are much less sensitive to
atmospheric dust compared with the near IR used. The
advantage of using near-IR bands is independent of the
temperature profile [7], in comparison to those using the
thermal bands. So near-IR bands can be used to the polar
caps where thermal measurements are not possible [7]. The
disadvantage of using near infrared is that they are
sensitive to aerosol contents and possible different values at
different wavelengths due to vertical distribution of water
vapor and aerosol scattering [9]. The major findings of
water vapor in Mars so far are (1) the seasonal and
latitudinal variation of water vapor is of a factor of 10
[2,3,10]; (2) on average, northern hemisphere has
significant larger amount of water vapor than the southern
one; and (3) within the hemisphere, water vapor abundance
has stronger seasonal cycles at high latitudes than at low 
latitudes [1,4,5].  These temporal and spatial variations of
water vapor abundance are related to global CO2 and water
ice exposure, sublimation, and condensation processes [1].
The objective of this present paper is to determine the
optical depths of the four selected water vapor absorption
bands (1.126, 1.385, 1.871, 2.566 µm), with no
consideration of aerosol and atmospheric pressure effects
during this preliminary study. Those 4 absorption bands are

clearly shown in the figure 1 of the [7] paper where the
2.566 µm band, very close to 2.6 µm used in [7], has the
deepest absorption depth, then the 1.871 µm and 1.385 µm,
while the 1.126 µm has the shallowest absorption depth.

 Data: The OMEGA has spatial resolution of 300m-
3km. It is able to determine the mineral composition of
Martian surface and atmosphere from the visible and
infrared range of 0.35-5.2 microns [11].  Total 164
OMEGA images (Ls = 330° - Ls = 120° and latitude = -75°
- +75°) from the ESA Planetary Science Archive database
Data were downloaded and used for the study.

 Methodology: The absorption strengths in water vapor
absorption bands of an OMEGA spectrum for a certain
pixel is a function of column density (or total abundance)
of the water vapor, based on which we can retrieve total
vapor abundance in the Martian atmosphere above that 
pixel. Besides the total vapor density, the absorption
strengths are also affected by the vertical vapor profile,
aerosols, surface material, and Martian atmospheric
pressure. It is necessary to consider and remove (if
feasible) these effects in retrieving water vapor abundance.
Since the scope of this paper is to examine the capacity of
four selected water vapor absorption bands in retrieving
vapor optical depths, we simply neglect the factors other
than the total water vapor abundance itself. Our hypothesis
is that if the selected band can be used, (1) it should capture
different vapor abundance between columns of different
thickness; and (2) it should have a good relation with the 
water vapor abundance.

 The optical depth (tau) is calculated based on

)/(
)/(
FI
FI

e , (1)

where is the I/F value at a selected)/( FI absorption band

, )/( FI  is the continuum at the same absorption band

, which is calculated from neighboring bands without
suffering absorption. These spectral (I/F) values are
relative reflectance and directly obtained from the
OMEGA data after pre-processing [12].

For each water absorption band, we first find an
adjacent band that does not affected by the water or CO2 
absorption at all. Then the following equations were 
constructed and used to calculate the optical depths (tau)
for each band:
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Results: The plots of mean pixel optical depth versus
elevations for four selected water vapor absorption bands
were derived from OMEGA scene ORB501_4 (Figure 1).
The derived optical depths decrease with increase of the
pixel elevation as expected. This indicates that all four 
selected bands have potential to be used for estimating
water vapor abundance. Among the four selected water 
vapor absorption bands, the 1.871 µm has the largest
optical depths, followed by the 2.566 and 1.385 µm bands,
with the 1.126 µm band having the least optical depths.
Compared with the well continuous and smooth tau-
elevation curve of the CO2 absorption band centered at
2.011 µm, the curves of water vapor absorption bands do
not appear as regular. This may be due to the disturbance of
surface materials.

Figure 1. Mean pixel elevation vs. optical depth plots for
four selected water vapor absorption bands centered at:
a=1.126, b=1.385, c=1.871, and d=2.566 µm, in
comparison with the CO2 absorption band (centered at 
e=2.011 µm), derived from OMEGA scene ORB0501-4
(Ls=46)

Optical depths of the four water vapor absorption bands
were also examined with latitudes, by using an OMEGA 
scene (ORB072_1) with small topographic relief. This 
image is near the tropical region extending from north
latitude of 8.87° to south latitude of -32.06° and acquisition
time of the image is Ls=343°, end of winter in northern
Hemisphere or end of summer in southern Hemisphere.
During this time, the Martian water vapor abundance
decreases from the north to the south in the latitude range
of the image [4]. This trend of water vapor abundance with
latitude is more or less captured by the optical depth of all
four bands (Figure 2). Some unexpected high values of
optical depths at 1.385µm and 1.871µm bands appeared in
the south of 25°S are probably due to an abrupt reduction
in surface albedo (not shown).

In spite of some disturbances (e.g., spectral
contamination of surface materials), the four bands
generally capture the trends (either vertically or
horizontally) of water vapor abundance, and have potential
to be used for retrieving temporal and spatial distribution of

water vapor abundance on Mars. To further test this, we
compared the optical depths derived from the four bands
with TES-derived water vapor abundance [4.5]. Acceptable
correlations coefficients (0.61-0.80) are obtained for three
(1.385, 1.871, and 2.566 µm) of the four selected bands
(not shown).

Figure 2.  The mean optical depth as a function of latitude
for four selected water vapor absorption bands centered at:
a=1.126, b=1.385, c=1.871, and d=2.566 µm, in
comparison to the CO2 absorption band (centered at 
e=2.011 µm), derived from OMEGA scene ORB072_1.

 Conclusion:  By examining the optical depths of four
selected water vapor absorption bands, we demonstrate that
all four bands (1.126, 1.385, 1.871, and 2.566 µm) have
potential to retrieve vertical and horizontal (across
latitudes) distribution of water vapor abundance on Mars. 
However, because of weak absorption strength, the band
1.126 is not appropriate for use. For the rest three bands,
the bands of 1.385 and 2.566 µm work better than that of
1.871 µm in retrieval of water vapor abundance on Mars,
especially for total water vapor abundance over 10 pr. µm.
For water vapor abundance above 10 pr. µm, corrections
appear not so urgently needed for these two bands.
However, for water vapor abundance below 10 pr. µm, the
correction is required.
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