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Observations — instrument and method
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Occultation method:

» Self-calibrated

»H,0O density from 1.38 um
band: retrieved at 10-80 km
depending on season

» Atmospheric density from
1.43 um CO, band:
retrieved at 10-120 km
depending on season

» Aerosol extinction profiles
and particle size distribution
with 10 spectral points

dashed lines ! :: B3 outside gaseous absorption
0.6 : § B a2 3 &S { | —H.=10km | bands
S T O, i |—Hage2okm - on is var
0.5} : b 2 1 H _owm |~ Vertical resolution is varied
: ' o e o [T target from 1.5 to 12 km
Dﬁ)ﬂﬂ 1;0(.'! ' 1E:GD ' .1360- 1400 1506 ' 1600 1700

wavelength, nm



Retrieval of H,O and CO, den5|ty
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Altitude, km

Since publications of 2009-2013:

» mprovement of data processing
»Levenberg—Marquardt iterative algorithm
»HITRAN 2012 for H,O and CO,

»MCD v.5.2 as a basis for temperature profiles
> Detection limit for water density 5-8 10° cm-3

Main problem:
»CO, density is sensitive to temperature.
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In dust free aphelion season and quiet perihelion season the

sensitivity is <20%; In dust storm condition (poorly determined 8 04

MCD profiles) uncertainties can reach 50-60%

»Temperature retrieval from the same data was fault

»MCS profiles were used, close to location and time of SPICAM .

observations and approximated to local time based on MCD

(Maltagliati et al., 2011).
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Observations

Seasonal distribution

7 Martian Years of observations (MY27-33) ~1200 occultations performed
~1000 successful occultations
seasonal distribution
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The black circles mark the 82 orbits in MY28 (Ls = 255-300°); 71 orbits in MY29 (Ls = 200-270°)

observations inapplicable for 42 orbits in MY30 (Ls = 180-218; 320-360°);
48 orbits in MY31 (Ls = 180-203; 275-358°);

retrieval for different reasons. S )
65 orbits in MY32 (Ls = 240-320°); 45 orbits in MY33 (Ls = 199-230°)



Retrieved H,O and CO, density and H,O mixing ratio
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Results

H.,O density for MY28-33 (6 years)

Global dust storm
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Results

H,O mixing ratio at 50, 60 and 70 km for MY28-MY 32
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Hydrogen escape from Mars enhanced by deep
convection in dust storms
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Observations

Seasonal distribution

7 Martian Years of observations (MY27-33) ~1000 successful occultations

seasonal distribution
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H.,O density distribution for 7 years (MY27-33)
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Criterion of water elevation in the atmosphere?

Altitude of water density of 101° cm-3 (close to detection limit)
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Results i
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H,O mixing ratio

zkm

distribution
for 6 years
(MY28-MY33)

»The low H,0 mixing ratio <30

Ls 0-30°

Ls 30-60°

Ls 60-90°

100

. 1I||

100

80

60

40

20

0

mﬁﬂﬂDDSUEUW

Ls 80-120°

100

b,

-80 -60 -30 O 30 B0 90

Ls 120-1507

80

]
20
0

P

|

100

80
60
40
20

0 -

ppm in the aphelion season i .
Ls=0-120° (altitude range is "o #0750 0 30 60
mostly higher than a o Lo .

-B0 -B0 -30 0 30 80 00
Ls 210-240° Ls 240-270°
hygropause) 80 B0 t 1::
»Sharp decrease of the mixing * --Ii i o) | & ' g ’-
ratio indicates a hygropause in 42 |'I ¥ !I ::-J/J—/:?
middle northern latitudes from 15 |-, _ | o= A .
to 25 km 30 B0 90 90 -60 30 0 30 60 ©0  -90 au-anmmasu 60 90
»The largest mixing ratio P i LaSI0-200°
>100ppm was observed at i3 o | 80
5=240-300° at 40-90 km in high * e M| | ¢ Vad ¢ By
. . 40 “ ‘H- i 40 ik - 40 p
middle southern latitudes. 20 ! ol ot |
.l
Global dust storm MY28 was excluded °|_*¢ “n =l Ny Zn = ;\n ]

125

-_-EEI

15

10

5

B0-60-30 0 30 60 o0 O

ppm
100

80

B0

70

- 160

..5C|

b 140

30

20

10

0



Study of supersaturation

Detection of water vapor supersaturation in the
middle atmosphere in MY29 (Maltagliati et al.,

2011)

With new data we attempt to produce the

supersaturation for the same year based on the
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Results seasunal iheuuidon

Study of supersaturation .
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Study of supersaturation for 6 years

| s=0-180 Saturation ratio

S=PH20/€s
the Goff-Gratch equation
> At Ls=60-120 the loge, = 2.07023 — 0.00320991T — 2484 896/ T + 3.56654
supersaturation at 30-40 km is x logT )
consistent with Maltag“at' et where e, is the saturation vapor pressure in mbar and T the temper-
al., 2011 and Clancy et al., ature in Kelvin. .
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Conclusions

» The water vapor density profiles have been retrieved for 7 Martian Years MY27-MY33 and the
water vapor mixing ratio for 6 Martian Years MY28-MY33 .

»MY28 Global dust storm (unique event):

“SPICAM observed an increase of the H,O concentration an order of magnitude and mixing ratio in 2-3
times at 60-80 km from Ls 268° to Ls 285° for both hemispheres. (Fedorova, Bertaux, Betsis, Montmessin, Korablev,
Maltagliati, Clarke, Water vapor in the middle atmosphere of Mars during the 2007 global dust storm, Icarus 300, 2018)

»Other years in perihelion season:
“In the Northern hemisphere there is no prominent increase of the water content.

“In the Southern hemisphere the increase of density and mixing ratio>100 ppm was observed for MY 29
and 32 at altitude of 50-80 km (could give a seasonal response of the hydrogen escape rate) .

»In whole:
“*Upper level of water density is 50-60 km in the aphelion and 70-90 km in perihelion

“*The low H,O mixing ratio <30 ppm in the aphelion season Ls=0-120° (higher than hygropause).
At Ls=60-120° a hygropause varies in middle northern latitudes from 15 to 25 km

“*The largest mixing ratio >100ppm was observed at Ls=240-300° at 40-90 km in high and middle
southern latitudes.

»Supersaturation:
**The supersaturation in MY29 is still there with new data processing.
“*The possible supersaturation is also detected at Ls=30-60 in latitudes of 60-80 and 20-30 km of altitude

»The current findings in water vapor vertical distribution will be considerably improved with solar
occultation of ACS and NOMAD experiments on TGO



Introduction — understanding of water transport

SPICAM/MEX: Detection of water vapor supersaturation in the
middle atmosphere in MY29 (Maltagliati et al., 2011)
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» 60% of orbits show a supersaturation at -
altitude 30 — 40 km .

» supersaturation reaches ~ 10 (2-3 on the
average)



Introduction — understanding of water transport

CRISM/MRO
Indirect observations from the oxigen dayglow

Distribution of Mars Water Saturation Ratio (L,=60-140°)
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Introduction — water escape

Unexpected variability | A rapid decrease of
of Martian hydrogen the hydrogen corona

escape of Mars
Chaffin et al. (2014) Clarke et al. (2014)
SPICAM UV/Mars-Express | HST UV observations of H |0}
observations of the H La Ly oo emission during the :
emission solar minimum in autumn
summer —autumn 2007 of 2007
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Introduction — water escape

Hydrogen source
The water vapor as a direct source of the hydrogen atom at high altitudes?

nature _
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Elevated atmospheric escape of atomic hydrogen
from Mars induced by high-altitude water

M. S. Chaffin*, J. Deighan, N. M. Schneider and A. |. F. Stewart

Atmospheric response
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