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ʌʀɿʊɽʍɽ ʀ ʀʂʀ ʈɸʅ  

˽͍͔͙͔ͦͫͭ͊ͤͦͤ͡ Ѕ ннл ˽͍͙͔ͪ͊ͭ͡Έ͍ͫͭ͊ 
˾͙͚͚ͦͫͫͫͦ͟ ͔͔̅͒ͪ͊ͼ͙͙ 

 

ˤ͔͒ͯ΅͙͚ ͯ;͔ͤ·͚ ˤΦ ˢΦ ˴ͪ͊ͫͤͦͨͦ͡Έ͙͚ͫ͟ 

 

 



˻͍ͫͤͦͤ·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ 

Åˢ͙ͤ͊͘͡ ͙ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙Ύ ͤ͊͋͡Ό͔͙͚͒ͤ ͫͦ 
͙͍ͫͨͯͭͤͦ͟ ζ˸͊ͪͫ ͔̏ͫͨͪͫͫ͟η ͙ ζˤ͔͔ͤͪ͊ ͔̏ͫͨͪͫͫ͟η 
 
Å˹͔͊ͣͤ͊͘Ύ ͔͙ͫͨͭͪͦͫͦͨ͟͟Ύ ˤ͔͔ͤͪ· ͙ ˸͊ͪͫ͊ 

 
Ǻ͖ͪͻ͔ͣͪͤ·͔ ͔͙ͣͦ͒͡ ͼ͙ͪͯ͟͡Ύͼ͙͙ ͍ ͊ͭͣͦͫͺ͔ͪ͊ͻ 
˸͊ͪͫ͊Σ ˤ͔͔ͤͪ· ͙ ͙́ͭ͊ͤ͊ ͙ ͺͦͭͦͻ͙͙ͣ;͔͙͔ͫ͟ 
͔͙ͣͦ͒͡ Ή͙ͭͻ ͊ͭͣͦͫͺ͔ͪ 
 
Å˽͎͍ͦ͒ͦͭͦ͊͟ ͍ͤͦ·ͻ ͔ͨ͊ͤͭͤ͡·ͻ ͙͙͚ͣͫͫ (̏ͦ͘͟˸͊ͪͫ) 
͙ ͪ͊ͪ͊͋ͦͭ͊͘͟ ͙ ͙͎͍͔͙͔ͦͭͦͤ͘͡ ͍ͤͦ·ͻ ͙͍ͨͪ͋ͦͪͦ 
͒͡Ύ ͔ͨ͊ͤͭͤ͡·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ 



˸͊ͪͫ-͔̏ͫͨͪͫͫ͟: ˿ ˽ˮ˴ˢ˸ ˮ˴  
(Korablev et al  2006) 



The O2 nightglow in the martian atmosphere by SPICAM 

 

Fedorova, A. A.; [ŜŦŝǾǊŜ, F.; Guslyakova et al., The O2 nightglow in the martian atmosphere by SPICAM 
onboard of Mars-Express, Icarus, Volume 219, Issue 2, p. 596-608, 2012. 



SPICAM data  GCM predictions  

north  

south 

northern 
spring -
summer 

L. Maltagliati, F. Montmessin, A. Fedorova et al. Evidence of water vapor in excess of saturation in the atmosphere of Mars, Science 333, 1868-1871, 2011 
Maltagliati L., F. Montmessin, O. Korablev et al., Annual survey of water vapor vertical distribution and water-aerosols coupling in the Martian atmosphere 

observed by SPICAM/MEx solar occultations, Icarus, Volume 223, Issue 2, p. 942-962, 2013 

Water vapour vertical profiles in MY 29 and supersaturation in 
the middle atmosphere 



Evidence for a  bimodal  size distribution  of aerosol   particles 

on  Mars  by  SPICAM/MEX  

  

Northern hemisphere 
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Small mode: reff =40-50 nm, N~200-104 cm-3 

>60ϲN  <60ϲN  

r1 is large mode dust radius; r2 is large mode H2O cloud radius; r3 is small mode radius; 

 

A.A. Fedorova, F. Montmessin, A.V. Rodin et al. Evidence for a bimodal size distribution 
for the suspended dust particles on Mars, submitted to Icarus, 2013 



Annual water vapor cycle by SPICAM IR (Trokhimovsky et al. 2012)   

All years together H2O, pr.mm 

1 km3 

of ice 

Å Good dataset of four Martian years for further analysis 

Å ñNothingò else to add to the retirement algorithm 

Å New solar spectra, resulted in more then 10 % increase of water vapour abundance for polar cap, and up 

to 20% increase for other areas. 

Å For the first time water vapour map for MY27 with dust-aerosol (years 28 and 29 coming up soon), to be 

compared with GCM and other instruments results. 

Summary 

Example of water vapour loss 
during global dust storm at MY28 

(seasonal dependence for H2O 
averaged on latitude stripe (-45:-55)) 

MY27 

MY28 



    

˥͍͙ͪ͊ͭ͊ͼ͙ͦͤͤ·͔ ͍ͦͤ͡· ͍ ͊ͭͣͦͫͺ͔͔ͪ ˸͊ͪͫ͊ ͤ͊ ͊ͪͭ͊͟ͻ 
͔͍͎͒ͤͤͦͦ ͍͔ͫ;͔͙ͤΎ ˻2  мΦнт ͣͣ͟ 

    ˒  = 55-75ÁS , Ls =170-182Á 

O3 + h˄    Ҧ   h2(a
1ɲg)  + O  ,   0.20 < ˂ ғ лΦом ҡƳ 

ˮ͘ ͔͙ͦ͋ͪ͊͗ͤΎ Ή͙͙͙ͣͫͫ ˻2, ͨ ͦͯ͡;͔ͤͤ·͔ 
͎͙͔͔͔ͨͪͫͨͭͪͦͣͭͪͦͣ͟ ˻˸˩˥ˢΣ ͔ͤ͊ͦ͗ͤ͡· ͤ͊ 
͊͡Έ͙͔͙ͭͣͭͪΌ MOLA MGS.  
 

˻͔͋ͤ͊ͪͯ͗ͤ· ͍͔͍ͨͪ·͔Φ 
˻͍ͫͤͦͤ·ͣ ͙͎͎͔ͭͪͪͦͣ ͎͍͙ͪ͊ͭ͊ͼ͙ͦͤͤ·ͻ ͍ͦͤ͡ ͍  ͍
͍·͙ͫͦ͟ͻ ΄͙ͪͦͭ͊ͻ Ό͎͗ͤͦͦ ͨͦͯ͡΄͙͊ͪΎ Ύ͍͡Ύ͔ͭͫΎ 
͎ͭͦͨͦͪ͊ͺ͙ΎΦ  

ˢ͙ͣͨͭͯ͒͊͡ ͎͍͙ͪ͊ͭ͊ͼ͙ͦͤͤ·ͻ ͍ͦͤ͡Φ  
˹͔͊ͦ͗ͤͦ͡ ͤ͊ ͎ͭͦͨͦͪ͊ͺ͙Ό Φ  ˾͔ͯ͘͡Έͭ͊ͭ 
͔ͣͦͣ͊ͫ͘΄͎ͭ͊͋ͤͦͦ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ GCM 



SPICAV VIS-IR AOTF spectrometer 
(Korablev et al. 2009) 

Short-wavelength range Long-wavelength range 

Spectral range  0.65ï1.05 ɛm 1.05ï1.7 ɛm 

Spectral resolution  7.8 cm-1 (1600) 5.2 cm-1 (1500) 

FOV 2 ę circular (0.07ę in occultation mode ) 

AOTF  TeO2, Two actuators, Aperture 6 x 4mm2, 2o 

Detector Two bicolor diodes (Hamamatsu K3413-05) 

Mass of the IR 700 g (not including DC/DC and DPU) 

2010 VEXAG INTERNATIONAL WORKSHOP 

Science modes: 
Â Nadir:  

Ã day side (H2O above clouds, clouds top variations, polarization);  

Ã night side (0.9-1.3 ҡm windows, H2O near the surface, O2
1 ɲg at 1.27 ҡm) 

 

Â Solar occultations (atmospheric structure above the clouds, clouds properties, 
particle size, extinction from 0.7 to 1.7 ҡm)  

 

Â Limb (O2
1 ɲg emission at 1.27 ҡm, cloud structure) 

 



ˮ͔͔͙ͣͪͤ͘Ύ ͫ ͔͙ͦ͒ͪ͗͊ͤΎ ͙͔͚ͦͫ͟ ͔ͫͪ· ͤ ͊͒ ͙ͦ͋͊͊ͣ͟͡ ˤ͔͔ͤͪ· 
ό͙ͦͪ͋ͭ͊͡Έͤ·͚ ͊ͨͨ͊ͪ͊ͭ ζˤ͔͔ͤͪ͊ ͔̏ͫͨͪͫͫ͟ηύ 
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˻͙͔ͭͤͦͫͭ͡Έ͔ͤͦ ͔͙͔ͫͦ͒ͪ͗͊ͤ [ppm] 

1. ˿͔ͦͤ͡;͔ͤͦ ͍͔ͨͪͦͫ;͙͍͙͔͊ͤ ͙ͨͪ͋ͦͪͦͣ SPICAV/SOIR (ͨ ͦ
͔ͫͨͭͪ͊ͣ͟ 200-240 ͤ  ͙ͣ  4 ͣ ͣ͟ύ. 

 - ͍ ͔͙ͪͭ͊͟͡Έ͔ͤͦ ͪ ͔͔͔͙͔͊ͫͨͪ͒ͤ͡ ͔͙ͫͦ͒ͪ͗͊ͤΎ  SO  ͙
SO2; 

 - άXέ-ͦ͋ͪ͊ͤ͊͘Ύ ͫ ͭͪͯͭͯͪ͊͟ SO&SO2  ͍͍ ͔ͪͻ͔ͤͣ  ͔ͫͦ͡ 
=> ͅ ͦͭͦͻ͙͙ͣΎ ͔ͣ͗͒ͯ SO  ͙SO2. 

 
 
 
2. ˮ͔͔͙ͣͪͤ͘Ύ  ͍͙ͤ͊͒ͪ ͙ͨͪ͋ͦͪͦͣ SPICAV όͨͦ ͔ͫͨͭͪ͊ͣ͟ 200-

240 ͤ ͣύ. 
 - ́ ͙͔ͪͦͭͤͦ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡ ͔͙ͫͦ͒ͪ͗͊ͤΎ SO2  ͨ ͦ
͍ͯͪͦͤΌ ͍ ͔͔͚ͪͤ ͎ ͙ͪ͊ͤͼ· ͦ ͍͋͊ͦ͟͡ (ͯ͋·͍͔͊ͭ ͟  ͨ ͦ͡Όͫ͊ͣ); 

 - ͎͍͔ͦ͒ͦͦ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡ ͔͙ͫͦ͒ͪ͗͊ͤΎ SO2 (Ή͍ͦ͡Όͼ͙Ύ 
͍ͨͦͭͦͪΎ͔ͭ ͒͊ͤͤ·͔ Pioneer Venus 1980-1990 ͎͎.) 

 
 
˽͙ͯ͋͊͟͡ͼ͙͙: 
1) Belyaev et al., 2012. Vertical profiling of SO2 and SO above ±ŜƴǳǎΩ 

clouds by SPICAV/SOIR solar occultations. Icarus, 2012. 
2) Zhang X. et al., 2012. Sulfur chemistry in the middle atmosphere of 

Venus. Icarus, 2012. 
3) Marcq et al., 2013. Variations of sulphur dioxide at the cloud top of 
±ŜƴǳǎΩǎ dynamic atmosphere. Nature Geoscience, 2013. ˥ͦ͒ 
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Bezard B., Fedorova A., Bertaux J.-L. 
et al.. The 1.10- and 1.18-mm 

nightside windows of Venus observed 
by SPICAV-IR aboard Venus Express, 

Icarus 216, 173-183, 2011. 

Å H2O ~ 30+10
-5  ppm near the 

surface from 5 to 25 km 
ï Larger abundances yield too much 

absorption in some regions of the H2O 
band 

ï Ý H2O likely uniform from 0 to 40 km 
as predicted by chemical models (e.g. 
Krasnopolsky 2007) 

 

 

 



Vertical distribution of H2O above and within the upper 
clouds (Fedorova et al. 2012) 

VIRTIS H, Cottini et al., 2012 

from 2.56 ˃ m 68-70 km,  
uniform distribution with mixing ratio 3-4 ppm 

 

SPICAV IR: 
1.38 ˃ m 55-68 km, with uniform distribution mixing 
ratio varies from 4-12 ppm 

The altitude range of the spectral sensitivity to water vapor 
profile in 1.38 ˃ m is very wide: 55-70 km 
 
Located to 5-8 km below ̱=1 level 
The band looks to be more sensitive to water distribution 
within a lower layer of the upper clouds where a gradient of 
water should be strong than to the water distribution above 
the cloud top level  



Long-term trend: acceleration of the mean flow from 2006 to 2013 

Å Long-term variations of the mean zonal winds at 

нлȏҕнΦрȏ{ ƻǾŜǊ ǘƘŜ Ƴƛǎǎƛƻƴ ǘƛƳŜΦ .ƭŀŎƪ ŀǊŜ ǘƘŜ ǎŜŀǎƻƴ ƻŦ 

observation averages derived by manual and red are 

automated (solid line) methods. 

Å Mean zonal (top) and meridional (bottom) wind profiles 

for cloud tracking seasons I-VII (color codes in the upper 

panel). Error bars show 99.73% confidence interval (3). 

The standard deviation of zonal component varies from 

12-17 m/s in the low latitudes to 25-34 m/s at 60ϲ S. The 

standard deviation of meridional component is in the 

range 11-14 m/s. 

Ґ˒нлȏ 

I II  III  IV V VI  VII  VIII  XI  X XI  XII  XIII  

Cloud level winds from the  Venus Express Monitoring 
Camera imaging 

Khatuntsev I.V., Patsaeva M.V., Titov D.V. et al.,  
Icarus 226 (2013) 140ς158 



Diurnal variations of the mean flow  

Zonal component Meridional component 

Complete coverage of the day side in the Southern hemisphere by the VMC UV imaging enables the study of 
diurnal variations of the mean wind pattern and search for solar locked features in the zonal and meridional wind 
components. The zonal wind field in figure shows semi-diurnal variations with minimum speed close to noon (11-
14 h) and maxima in the morning (8-9 h) and in the evening (16-17 h). The meridional component clearly peaks 
in the early afternoon (13-15h) at 40-рлȏ{Φ ¢ƘŜ ƳƛƴƛƳǳƳ ƻŦ ǘƘŜ ƳŜǊƛŘƛƻƴŀƭ ǿƛƴŘ ǎǇŜŜŘ ƛǎ ƭƻŎŀǘŜŘ ŀǘ ƭƻǿ ƭŀǘƛǘǳŘŜǎ 
in the morning (8-11h) (Khatuntsev et al., Icarus 226 (2013) 140ς158 ).  

Cloud level winds from the  Venus Express Monitoring Camera imaging 
Khatuntsev I.V., Patsaeva M.V., Titov D.V. et al., Icarus 226 (2013) 140ς158 



O2 night glow in the Venus atmosphere from VIRTIS ςM observations 
and circulation at mesopause    (Zasova et al.) 

1) Northern hemisphere (limb observations)    

Temporal variation of the O2 night glow in 
the Northern hemisphere has periodic 
character. Emission rate decreases with 
increasing latitude. Maximum emission at 
low latitude is shifted to morning.  
From the O2 night glow observations in 
Northern hemisphere : SS-AS and ZRC (zonal 
retrograde circulations)  and thermal tides 
and gravity waves may give input in 
observed dynamics at mesopause levels 
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˹͔͊ͣͤ͘·͔ ͤ͊͋͡Ό͔͙͒ͤΎ ˸͊ͪͫ͊ ͙ ˤ͔͔ͤͪ· 

ÅNASA IRTF, ˥͊ ͍͚͙͊Σ ͎ͦͪ͊ ˸͊ͯͤ͊ ˴ ͔͊, 
пΦн ͣ͟Σ  ˾Ґ лΦс ͋͊ͪΣ ˹2˻ Ґ н ͣͣ 

 

Ǻ ͔͔ͫͦͨ͟͡ D Ґ о ͣΣ ͔͎ͫͨͭͪͦͪ͊͟ͺ 
CSHELLΣ ͦ͋͊ͫͭ͡Έ ͔ͫͨͭͪ͊͟ мΦлу ς 5.6 
m˃, v/ vɻ =40 000 



NASA Infrared Telescope Facility 

http://en.wikipedia.org/wiki/File:Afshin_Darian_-_NASA_Infrared_Telescope_Facility.jpg


Search for methane on Mars 
(Krasnopolsky 2012a) 



Ground-based and MSL observations 

of methane on Mars 

 

 

 

 

 

 

MSL observations of methane neither contradict 
nor support the ground-based observations 

 C2H6 < 0.2 ppb;  SO2 < 0.3 ppb (Kr2012) 



D/H in H2O, HCl, and HF on Venus  

(Krasnopolsky, Belyaev et al. 2013) 

       

 

 

 
Å      D/h 

Å      D/H = 95 Ñ 15 in H2O 

Å   D/H = 190 Ñ 50 in HCl 

Å   D/H = 420 Ñ 200 in HF 



CO dayglow at 4.7 ɛm on Mars: Variations of T 

and CO at 50 km (Krasnopolsky 2013d) 

Å  

 

 

 

Å  

 

 

Å  



͙͔͔̉ͫͤͤͦ͡ ͣ ͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ ͨ ͔͊ͤͭͤ͡·ͻ ͊ͭͣͦͫͺ͔ͪ 
˸͙ͪͦ͟ͺ͙͙͊͘͟ ͦ ͍͋͊ͦ͟͡ ͙  ͊Ή͔͚ͪͦͦ͘͡ 

˸͊ͪͫ 
ˤ͔͙ͫͨͫ͟͡ ͙͊ͣͨͭͯ͒͡· ͫͭ͊ͼ͙ͦͤ͊ͪͤ·ͻ ͍ͦͤ͡ ͙ͨͪ Ls = 60̄  ͙  145̄  

͙́ͭ͊ͤ 
͔ͫͯͨͪͪͦͭ͊ͼ͙Ύ ͙  ͨͦ ͡Ύͪͤ·͔ ͍ ͙ͻ͙ͪ 

ˤ͔͔ͤͪ͊ 
͔͎͙͙ͤ͒ͪͦͫͭ͊ͭ;͔ͫ͊͟Ύ ͔ͣͦ͒͡Έ ͦ͋΅͔͚ ͼ͙ͪͯ͟͡Ύͼ͙͙ 

˽͔ͦ͒ͫͦͤ͡;ͤͦ-͙͍͔ͨͪͦͭͦͫͦͤ͡;ͤ͊Ύ  
ͼ͙ͪͯ͟͡Ύͼ͙Ύ ͤ͊ ммл ͣ͟ 

˿͔ͯͨͪͪͦͭ͊ͼ͙Ύ 

˹͍ͦ·͚ ͔ͣͭͦ͒ ͪ͊ͫ;͔ͭ͊ ͔͔ͨͪͤͦͫ͊ ͙ͯ͘͡;͔͙ͤΎ 



Photochemical model for Venus middle atmosphere (Krasnopolsky 
2012c): calculated and observed variations of SO2, SO, OCS, and Sa 



Chemical kinetic model for Venus lower 
atmosphere (Krasnopolsky 2013b) 



Nighttime 
Atmosphere and 

Night Airglow  
on Venus  

(Krasnopolsky 2013c) 
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Photochemical model for Titan: 83 neutral 
and 33 ion species (Krasnopolsky 2012d) 


