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Mars Climate Sounder (MCS) is an infra-red radiometer on board NASA’s Mars Reconnaissance Orbiter (MRO) launched in August 2005 and 
now orbiting Mars in a near circular polar orbit. MCS has nine spectral channels in the range 0.3–50 µm. A primary goal of MCS is the 
global characterization of atmospheric water vapour. We present results of a vertically resolved, zonally averaged analysis during Ls = 111.27° 
(24th September 2006). 

Using the B2 channel (220 cm-1) work was done using the 
NEMESIS1 retrieval software to calculate radiance residuals 
due to water vapour. The direct retrieval of water vapour 
from MCS observations is very difficult. Instead the re-
trieval needs to be broken down into a two-stage process, 
whereby all parameters except water vapour are retrieved 
first, followed by the water vapour retrieval itself. Initial at-
tempts at retrieval proved extremely challenging. 

Daytime MCS observations during northern summer (com-
bining fully calibrated nadir and limb data) were used. A 
plot of observation locations is given in Figs. 1 & 2. 

In the first stage of the analysis temperature, dust, pres-
sure and surface temperature were retrieved (using chan-
nels A1–A5) while effectively setting the water vapour 
abundance to zero (constant VMR to top of atmosphere 
of 1 × 10-10). We then follow this up by modelling the ra-
diance (using atmospheric data from the Mars Climate Da-
tabase2) seen in B2 using the previously retrieved parame-
ters. This ought to model the atmosphere as seen by MCS 
with no water vapour. The ‘zero water vapour’ radiances in 
B2 can then be subtracted from the original measurements 
to generate the radiance residuals. Assuming that the re-
trievals and modelling are sufficiently accurate the radiance 
residuals should correspond directly to water vapour abun-
dance as the residuals should be almost entirely due to 
water vapour alone with other effects having been removed 
by the subtraction process. For the sake of computational 
expediency dust was assumed to be non-scattering.  All 
results were then binned in 10° latitude bins and used to 
produce zonally averaged latitude-altitude maps.

A map of zonally averaged temperature is given in Fig. 3. 
Results seem broadly physical with the northern hemi-
sphere (experiencing summer) being warmer than the 
southern hemisphere (experiencing winter) and the tempera-
ture maximum occurring in the equatorial region.  A rela-
tively large local minimum is observed in the tropics at  
20–30° N along with another minimum at ≈70° N. These 
may be due to local effects caused by the lack of longitu-
dinal coverage in the observations or possibly due to the 
retrieval method assumptions. 

A map of zonally averaged dust with height is given in 
Fig. 3 measured in specific density (g-1: particles per gram 
of atmosphere) where the scalebar has been truncated for 
values >1 × 106 g-1 to make the dust structure visible. The 
general trend of more dust in the northern hemisphere 
than the southern with a maximum at the equator is physi-
cal and corresponds to the higher temperatures in the 

northern and equatorial regions. Higher temperatures aid 
dust loading in the atmosphere3. The rather unphysical re-
sult is the appearance of apparent dust layers high in the 
atmosphere at altitudes between 30 and 80km, with the 
higher layers and bigger maxima occurring in the northern 
hemisphere.

A number of explanations are possible. Firstly the high 
layers seen over the equator may actually be water ice 
clouds from the aphelion cloud belt which were not ac-
counted for in the retrieval. The expected location of the 
belt is similar to the observed dust layer. This would not 
explain the  dust layers in other regions, especially the 
northern hemisphere, which should be too warm for any 
ice clouds to be present. Another possibility is the ex-
tended FOV wings effect of MCS. In the majority of cases 
the observed high dust layer has a matching layer on the 
surface. The high layer may then be a retrieval artefact 
caused by the FOV wings of higher altitude detectors (for 
limb observations). The extended wings of these higher de-
tectors allow them to ‘see’ the lower dust layer and then 
cause it to alias higher up. Yet another possibility is the 
choice of not using B1 (a dust and water ice channel) in 
the retrievals, since then less information is used to con-
strain the dust. The reason that B1 was not used in the 
retrieval is that it is currently proving very challenging to 
get satisfactory fits to the data due its sensitivity to water 
ice (not considered in this study) and the FOV effects. A 
final option is that the retrieval assumptions used (i.e. non-
scattering, well mixed vertical profile to the top of the at-
mosphere) are responsible. It is likely that a combination of 
these effects is responsible for the observed results. 

A map of the observed radiances for B2 is given in Fig. 5. 
The expected trend of more radiance in the northern hemi-
sphere corresponding to higher water vapour abundance 
is seen. However this alone is not enough to prove that 
the radiance seen in B2 is mainly due to water vapour, as 
dust is likely to have a profound contribution to the radia-
tion in this channel. Additionally water ice clouds may also 
be contributing to the radiance in B2, though this is be-
yond the scope of the current investigation. This argument 
is further supported by the observed correlation between 
the dust opacity in Fig. 4 and the measured radiance in 
B2. Alternatively, the observed correlation may indicate in-
teraction between dust and water vapour. 

The radiance residuals for B2 are presented in Fig. 6. Giv-
en the problems described above it is unlikely that the re-
sidual radiances observed have been entirely disentangled 
from effects other than water. It is likely that the decision 

of not using B1 for the dust retrieval means that dust is 
not as well constrained in the B2 spectral region. Despite 
this the effect of dust seems to have been at least par-
tially removed, given the minimum of residuals for regions 
of expected low water content. Additionally a maximum in 
the radiance residuals is seen at latitudes near the pole 
which correlates well with the recent measurements of wa-
ter vapour4–7. Further evidence of water contributing to the 
observed radiance is seen by the fact that highest values 
for radiance residuals are confined to the bottom 20–40km 
of the atmosphere (being smallest at the pole and larg-
est near the equator which approximately match the likely 
heights of the condensation level). The fact that the max-
ima of the residuals continue to altitudes that are few ki-
lometres higher than the likely height of the condensation 
level may be due to the FOV wing effect described above. 
Finally the observed minima (largest magnitude negative re-
siduals) in residuals near the ground in the equatorial to 
mid-latitude regions are likely to be due to an extended 
FOV wing problem. The straight edges at the top of this 
negative residuals layer at the bottom of the atmosphere 
are due to the coarse altitude bin widths of 5km. As de-
scribed previously, because of the wings, the FOVs for 
the lowest detectors will ‘see’ the ground through the at-
mosphere. This provides a warm background for the at-
mosphere meaning spectral lines are seen in absorption 
rather than emission, resulting in the negative radiance re-
siduals observed. The reason the effect is not observed at 
latitudes outside this region is probably due to the colder 
surface temperatures at the poles and southern hemisphere 
(in winter) so the ground is not warmer than the atmo-
sphere above it.
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Figure 1 (TL), Figure 2 (BL): Maps showing the locations of the MCS observations used for the first and second stages of the retrievals respectively. 
Figure 3 (TM): Zonally averaged (10º latitude bins) temperature plot. Figure 4 (BM): Zonally averaged dust plot. The colour scale has been truncated at 1 × 106 g-1. 
Figure 5 (TR): Zonally averaged measured radiances in B2. The radiance observed should be due to water and dust with possible contributions from water ice. 
Figure 6 (BR): Zonally averaged radiance residuals ( [observed radiances with water vapour] − [synthetic radiance with no water vapour] ) for B2 at Ls = 111.27º .  

R
am

in
 L

ol
ac

hi
1 ,
 P

. 
G
. 
J.
 I
rw

in
1,
 N

. 
Te

an
by

1 ,
 S

. 
C
al
cu

tt
1,
 N

. 
E
. 
B
ow

le
s1
, 
F.
 W

. 
Ta
yl
or

1 ,
 J
. 
T.
 S

ch
ofi
el
d2
, 
A
. 
K
le
in
bo

eh
l2 ,
 D

. 
J.
 M

cC
le
es
e2

1 D
ep

ar
tm

en
t 
of
 P

hy
si
cs
, 
U
ni
ve
rs
ity
 o

f 
O
xf
or
d,
 U

ni
te
d 

K
in
gd

om
, 

2 J
et
 P

ro
pu

ls
io
n 

La
bo

ra
to
ry
, 
C
al
ifo
rn
ia
 I
ns

tit
ut
e 

of
 T

ec
hn

ol
og

y

\1 \3 \5

\2 \4

\6


