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WATER VAPOR IN THE MIDDLE ATMOSPHERE OF MARS DURING
THE SOUTHERN SUMMER SEASON BY SPICAM/MEX

A. Fedorova (fedorova@iki.rssi.ru), D. Betsis, O. Korablev, Space Research Institute(IKI), Moscow, Russia,
J.-L. Bertaux, F. Montmessin, LATMOS-UVSQ, Guyancourt, France, L. Maltagliati, AIM/Cea-Saclay,
France, Clarke J., Center for Space Physics, Boston, USA.

Introduction: Recent observations of the Mar-
tian hydrogen corona in the UV H Ly-
emission by Hubble Space Telescope (HST) (Clarke
et al., 2014) and the SPICAM UV spectrometer on
Mars Express (Chaffin et al., 2014) reported its rapid
change an order of magnitude for the short period of
a few months in 2007 (MY 28), which is inconsistent
with the existing models. One proposed explanation
of observed decrease in coronal emission is that dur-
ing the global dust storm water vapor can be trans-
ported to higher altitudes where the rate of
photodissociation by near-UV sunlight increases,
providing an additional source of hydrogen for the
upper atmosphere. Following HST observations dis-
covered a strong seasonal dependence in the Martian
hydrogen exosphere in the absence of global dust
storms and significant solar variability, that could
relates to the seasonal water cycle (Bhattacharyya et
al., 2015).

Observations: Since 2004 the SPICAM IR spec-
trometer on Mars-Express (Korablev et al., 2006)
carries out measurements of the vertical distribution
of water vapor in the 1.38 um band, the CO, density
in the 1.43 um band and aerosol properties in the
middle atmosphere of Mars by means of solar
occultations. The observations cover now 7 Martian
Years with 2 occulation campaigns for a year (Figure
1). In this work we present vertical distribution of
water vapor observed for several years during the
perihelion season (Ls=180-360°) with the global dust
storm at MY 28 (observations at Ls = 250-310°).
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Figure 1. Seasonal and spatial coverage of
SPICAM/MEX solar occultations

Lamude

Water vapor in the global dust storm MY28: Ac-
cording the dust extinction profiles of SPICAM
occultations the global dust storm reached observa-
ble areas at Ls=268° in the Southern hemisphere and

Ls=275° in the Northern hemisphere. SPICAM ob-
servations confirmed the increase of the H,O concen-
tration up to an order of magnitude at 60-70 km from
Ls 268° to 285° in MY28 (Figure 2 and 3). It is in-
teresting that in the Northern hemisphere (latitudes of
40-60°N) the concentration increases by a factor of
ten from <10'° cm™ to 8 10°cm™ at 70 km and from
2 10" cm™ to 2 10 cm™ at 60 km, but in the South-
ern hemisphere (latitudes of 40-60°S) only in 3-4
times from 2 10* cm™ to 6-8 10" cm™ at 70 km and
from 0.5-1 10" cm™ to 1.5 10" cm™ at 60 km.

25" 10" Nor1hern hemisphere

2

ey “W ﬁ I

‘ “:i u “ .l‘z:ﬂ‘zl fcnn

260 265 280 285

53

Southern hemisphere

il

["5 sPICAM ch1

® climatology model
* warm
® cold

I storm

@

1

density, cm™®

5

g éIH

0.5Tqe !
i ) 5. e ® 11} t x
0 .uocon"' e L% II L L J
255 260 265 270 275 280 285 290 295 300

Solar longitude
Figure 2. H,O density in MY28 at 60 km. Compari-
son with the Martian Climate Database (MCD 5.2)
are presented (Millour et al., 2015)
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Figure 2. H,O density in MY28 at 70 km. Compari-
son with the Martian Climate Database (MCD 5.2)
are presented (Millour et al., 2015)

The interannual comparison: Despite the solar
occultation campaigns are not completely repeatable
in spatial distribution and time, the some kind of



interannual comparison and a seasonal trend could be
obtained. MY 32 has a special interest due to it has
an intersection with MY28 at all latitudes in the
Southern hemisphere and for 60-65° of latitude in the
Northern hemisphere. Figure 3 shows a comparison
of the H,O density at 60 km for MY 28, 32 and 33.
In the Northern hemisphere observations in MY32
Ls=240-320° don’t show prominent increase of the
water content as it was in the dust storm. This differ-
ence can not be completely related to the difference
in latitudinal coverage because the intersection for
these two years happened at Ls 270° where the dust
storm already began. In the Southern hemisphere the
both years show the increase of the density with
higher values for MY28. MY33 at Ls=199-230°
didn’t show the prominent increase of the density.
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Figure 4. H,O density in MY28, 32, 33 at 60 km.

Using the CO, density from 1.43 um band we can
obtain the vertical distribution of H,O mixing ratio.
Figures 5 and 6 present the H,O mixing ratio for
three Martian years at 50 and 70 km respectively.
These figures also support the global 2007 dust
storm was a really unique event where the water va-
por reaches altitude up to 70 km with mixing ratio
higher than 100 ppm. Meanwhile the observations
show a high value of H,O 40-100 ppm at altitude of
50-60 km for all years than could give a seasonal
feedback to the hydrogen corona escape.
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Figure 5. H,O mixing ratio in MY28, 32, 33 at 50
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Figure 6. H,O mixing ratio in MY28, 32, 33 at 70
km. The absence of observations for MY33 means
that all values for this altitude were outside a detec-
tion limit.
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