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Abstract 
Sulfur dioxide and water vapor, two key species of 
Venus photochemistry, are known to exhibit 
significant spatial and temporal variations above the 
cloud top. We have started an observing campaign 
using the TEXES high-resolution imaging 
spectrometer at the NASA InfraRed Telescope 
Facility to map sulfur dioxide over the disk of Venus 
at two different wavelengths, 7 μm (probing atop the 
H2SO4 cloud) and 19 μm (probing a few kilometers 
below within the clouds). Observations took place on 
January 10-12, 2012 (evening terminator) and 
October 4-5, 2012 (morning terminator). Both HDO 
and SO2 lines are identified in our 7-μm spectra and 
SO2 is also easily identified at 19 μm. The CO2 lines 
at 7 and 19 μm are used to infer the thermal structure. 
An isothermal/inversion layer is present at high 
latitudes (above 60N and S) in the polar collars, 
much more visible when the morning terminator is 
observed; such an effect was not detected in October 
2012.   The HDO map is relatively uniform over the 
disk of Venus, with a mean mixing ratio of about 1 
ppm above the clouds (P < 100 mbars. In contrast, 
the SO2 maps at 19 μm show intensity variations by a 
factor of about 2 over the disk within the cloud, less 
patchy than observed above the cloud top at 7 μm. In 
addition, the SO2 maps seem to indicate significant 
temporal changes within an hour. There is evidence 
for a cutoff in the SO2 vertical distribution several 
kilometers above the cloud top, also previously 
observed by SPICAV/SOIR aboard Venus Express 
and predicted by photochemical models. New 
observations have been obtained on February 26 - 
March 1, 2014, when the diameter of Venus was 34 
arcsec. Another run is planned on July 6-9, 2014. 
 
1. Introduction 
The sulfur and water chemical cycles are known to 
play a key role in the atmospheric chemistry of 
Venus [1, 2]. Below the clouds, H2O and SO2 are 
both present with mixing ratios of about 30 ppm and 
100−150 ppm, respectively [3]. Both species are 
transported from the deep troposphere above the 
main cloud deck by Hadley convection and are 
deeply depleted above the H2SO4 cloud by 

photodissociation and condensation processes. The 
mixing ratio of H2O above the clouds is in the range 
of 1−2 ppm [4], i.e. 15−30 times less than below the 
clouds. The SO2 mixing ratio above the clouds has 
been found to be 10−100 ppb from Venera 15 and 
Pioneer Venus measurements [5] and more recently 
in the 10−1000 ppb range by SPICAV aboard Venus 
Express [6], i.e. hundreds to a thousand times less 
than below the clouds. Over the past six years, the 
photochemistry and dynamics of Venus mesosphere 
have been extensively monitored by the Venus 
Express mission, supported by ground-based 
campaigns. In particular, large latitudinal and 
temporal variations of the SO2 abundance have been 
reported from the data recorded by SPICAV-UV, 
SPICAV/SOIR and VIRTIS aboard Venus Express 
[6, 7].  
 
2. Observations and Results 
We have started an observing campaign using the 
high-resolution imaging spectrometer TEXES in the 
thermal infrared range.  Two campaigns took place 
on January 10−12 and October 4-5, 2012, at the 
InfraRed Telescope Facility (IRTF). Maps of HDO  
and SO2 were simultaneously recorded at 7 μm and 
19 µm with a spatial resolution of 1.5 arcsec and a 
spectral resolving power of about 80 000. CO2 lines 
were used to infer the thermal profile. The 7-µm 
range probes atop the cloud while the 19-µm range 
probes a few kilometers below the 7- µm range, i.e. 
within the cloud. 
 
Assuming a D/H ratio of 200 times the terrestrial 
value [4], we derived a H2O mixing ratio of about 1 
ppm, with no significant variations over the disk. The 
H2O mixing ratio is also found stable over a 
timescale of two days. In contrast, the SO2 maps 
showed strong spatial variations over the Venus disk, 
both at 7 and 19 µm, and also strong temporal 
variations over a timescale of a few hours or less [8, 
9]. Figure 1 shows maps of SO2/CO2 recorded on 
Oct.4, separated by less than 2 hours. Spatial and 
temporal variations of the SO2 distribution are clearly 
visible. In contrast, HDO maps recorded in January 
and October 2012 were much more uniform, and 
showed no significant temporal variations. 
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Fig. 12. From left to right, three SO2/CO2 maps recorded on January 10,
11 and 12, 2012. We used for SO2 the 1350.16 cm!1 transition (Jan. 10
and 12) and the 1366.43 cm!1 transition (Jan. 11). For CO2, we used the
1350.4 cm!1 transition (Jan 10 and 12) and the 1366.36 cm!1 transition
(Jan. 11). These maps, already published in E12, are shown here with
the proper north-south axis orientation.

Fig. 13. SO2/CO2 maps recorded on October 5, 2012. Right: map ob-
tained using the SO2 line at 1345.28 cm!1; middle: map obtained us-
ing the SO2 doublet at 1345.12 cm!1; in both cases, the CO2 line at
1345.22 cm!1 was used for comparison. Left: average of the two maps.
Top: Oct.5, 16:55; bottom: Oct. 5, 18:35.In spite of the limited signal-
to-noise ratio, due to poor atmospheric conditions, there is evidence for
actual temporal variations on timescales less than two hours.

transition being slightly stronger than the 1345.28 cm!1 one). In1

addition, both maps inferred from each transition indicate a de-2

crease of the SO2 abundance within a timescale of 100 minutes.3

As pointed out in E12, the SO2 maps show strong spatial4

variation in each map, with local variations by a factor as high5

as 5. The same behavior is observed on October 5, 2012. We al-6

ready pointed out the temporal variations of the SO2 spatial dis-7

tribution, which showed significant variations over a timescale8

of a day. The striking result of the present study is that these9

variations appear to occur on much shorter timescales, typically10

less than two hours.11

A similar conclusion is reached from the analysis of the12

19-µm SO2 maps. Figure 14 shows four maps recorded at 19 µm,13

two on Oct. 4 (19:40 UT and 20:10 UT), and two on October 514

(19:40 UT and 20:10 UT). The maps were built using the SO215

doublet at 529.70 cm!1 and the CO2 line at 529.73 cm!1. The16

two maps taken on October 5 are very similar. In contrast, the17

two earlier maps, taken on October 4, show significant di!er-18

ences over a large part of the disk. If confirmed, this result im-19

plies significant large-scale variations of SO2 over a timescale20

Fig. 14. Four SO2 maps recorded on October 4 and 5, 2012. Left:
October 4; top: 19:40; bottom: 20:10. The black circles correspond to
the locations of maximum and minimum SO2 abundances where the
spectra shown in Fig. 18 have been analyzed. Right: October 5; top:
19:40; bottom: 20:10. We used for SO2 the 529.7 cm!1 doublet, and for
CO2 the 529.73 transition (rest frequencies). In all cases, the SO2 spatial
distribution appears less patchy than at 7 µm. The two maps of October
5 look very similar, but a strong increase in the SO2 abundance, spread
over a large fraction of the disk, appears on the Oct.4, 20:10 UT map.

of only 30 min. In all cases, the spatial variations of SO2 ob- 21

served at 19 µm (i.e. a few kilometers below the cloud-top level 22

probed at 7 µm) appear to have less small-scale structures than 23

observed at 7 µm, and the variations over the disk are within 24

about a factor of 2. 25

3.3.2. SO2 abundance and vertical distribution 26

Figure 15 shows a spectral fit of an averaged spectrum on 27

October 5, 2012 (18:35 UT) in the 1345.2 cm!1 spectral re- 28

gion used for the SO2 study. As for HDO, we use our nom- 29

inal thermal profile inferred from the 19-µm CO2 lines study 30

(Fig. 5), with the introduction of a layer of infinite opacity at 31

z = 62 km. This thermal profile provides a good fit of the 32

strong CO2 line at 1345.5 cm!1, as well as the weak CO2 lines 33

at 1345.22 and 1345.34 cm!1. As already mentioned in the case 34

of the 19-µm data, the SO2 doublet around 1345.12 cm!1 ap- 35

pears broader than the model including a constant mixing ratio 36

with altitude. As shown in Fig. 16, a better fit is obtained when 37

a cuto! is introduced at an altitude of 67 km (T = 220 K). 38

The spectral fit of SO2 at 19 µm leads to the same conclu- 39

sions. For the two maps of October 4, we have selected small 40

areas of the Venus disk corresponding to regions where SO2 is 41

maximum, and where SO2 is minimum. These areas are indi- 42

cated on the 19-µm SO2 maps (Fig. 14). Figure 17 shows a fit of 43

the SO2 doublet at 529.7 cm!1 in the region of maximum SO2 44

for the map of Oct.4, 19:40 UT. Figure 17 shows that, in the re- 45

gion of maximum SO2 abundance, the best fit is obtained for a 46

SO2 mixing ratio of 180 ppb, with a cuto! at 67 km. It can be 47

seen also that a SO2 vertical distribution using a constant mixing 48

ratio leads to a poor fit of the spectrum. We thus conclude, from 49

both the 7-µm and the 19-µm analyses, that the SO2 distribution 50

is strongly depleted a few kilometers above the clouds. Models 51

also show that the mixing ratio of SO2 above 67 km needs to be 52

less than a few ppb in order to fit the data. 53
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Fig. 1. SO2/CO2 maps recorded on October 5, 2012.  
Average of  two maps using different SO2 transitions. Top: 
Oct.5, 16:55; bottom: Oct. 5, 18:35. There is evidence for 
actual temporal variations on timescales less than two 
hours. 
 
 

2. New observing run (Feb. 2014) 
New TEXES data of Venus were recorded on Feb.  
26 - March 1, 2014, in the SO2 bands at 7 µm (ν3), 19 
µm (ν2) and 8.7 µm (ν1). In addition CO2 bands were 
recorded at 12.6 µm (isotopic band, Fig.2) and 10.4 
µm (hot band) in order to retrieve the thermal profile 
on both dayside and nightside. At that time, the 
diameter of Venus was 34 arcsec, the illumination 
factor was 34% and the morning terminator was 
observed. Full maps and equatorial scans were 
recorded, in order to search for short term temporal 
variations (< 1 hour). 
 
Another observing run with TEXES is planned at 
IRTF on July 6-9, 2014. 
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Fig. 2. The TEXES  spectrum of Venus in the 792 cm-1 CO2 
band (12.6 µm), recorded in the central part of the planet, 
on Feb. 26, 2014. Black: TEXES data; blue: atmospheric 
transmission.   
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