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a b s t r a c t
Observations of the dayside of Venus performed by the high spectral resolution channel (–H) of the
Visible and Infrared Thermal Imaging Spectrometer (VIRTIS) on board the ESA Venus Express mission
have been used to measure the altitude of the cloud tops and the water vapor abundance around this
level with a spatial resolution ranging from 100 to 10 km. CO2 and H2O bands between 2.48 and
2.60 lm are analyzed to determine the cloud top altitude and water vapor abundance near this level.
At low latitudes (±40°) mean water vapor abundance is equal to 3 ± 1 ppm and the corresponding cloud
top altitude at 2.5 lm is equal to 69.5 ± 2 km. Poleward from middle latitudes the cloud top altitude
gradually decreases down to 64 km, while the average H2O abundance reaches its maximum of 5 ppm
at 80° of latitude with a large scatter from 1 to 15 ppm. The calculated mass percentage of the sulfuric
acid solution in cloud droplets of mode 2 (1 lm) particles is in the range 75–83%, being in even more
narrow interval of 80–83% in low latitudes. No systematic correlation of the dark UV markings with the
cloud top altitude or water vapor has been observed.
Ó 2011 Elsevier Inc. All rights reserved.

1. Introduction
The signiﬁcant part played by water vapor in the cloud formation, thermal balance and chemistry of Venus atmosphere makes
it one of the most important objects for remote sensing studies.
The mesospheric water vapor abundance has previously been measured by a number of techniques at different wavelengths from
microwaves to visible: see reviews by Koukouli et al. (2005) and
Sandor and Clancy (2005), and recent studies by Gurwell et al.
(2007), Fedorova et al. (2008b), and Krasnopolsky (2010). Despite
the numerous measurements, a clear picture of the water vapor
abundance remains far from in place, as the mesospheric abundances measured in various experiments varied from 0 to
100 ppm. This scatter may be attributed to a number of factors:
differences in the sounded altitude range, experimental and modeling errors, and a real variability. Microwave measurements
(Encrenaz et al., 1995; Sandor and Clancy, 2005; Gurwell et al.,
2007) are characterized by smaller absolute values (0–7 ppm)
and high variability. They effectively probe the altitude range from
65 to 100 km with a vertical resolution of 20 km and a spatial resolution from 103 km to the whole disk. The Pioneer Venus Orbiter
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Infrared Radiometer probed altitudes of 45–65 km with its ﬁlter
centered at the H2O rotational band at 45 lm; the water vapor
abundances were found to ﬂuctuate from 10 ± 5 ppm at night up
to 90 ± 15 ppm in the equatorial region shortly after the sub-solar
point (Schoﬁeld et al., 1982; Irwin, 1997; Koukouli et al., 2005).
Various space-borne spectroscopic measurements in the infrared
typically provide less scattered results without reaching the above
mentioned extremes. Water vapor abundances of 10 ± 5 ppm at
55–65 km have been measured by the Venera 15 FTS experiment
(Moroz et al., 1990; Ignatiev et al., 1999; Koukouli et al., 2005)
from the same H2O rotational band. Fedorova et al. (2008a, 2010)
analyzed the 1.38 lm band in the nadir spectra registered with
the SPICAV instrument on Venus Express and obtained values between 2 and 10 ppm near the cloud tops between 65 and 74 km.
Bjoraker et al. (1992) analyzed the 2.56 lm H2O band from highresolution ground-based observations with the result of 2 ppm at
72 km. Fedorova et al. (2008b) used the same spectral band but obtained in the solar occultation limb geometry with the SOIR instrument on Venus Express; the vapor abundance appeared to be about
1 ppm, with spatial and temporal variations within a factor of 2–3
in the altitude range between 70 and 110 km. Finally, using HDO
lines at 3.67 lm from spatially-resolved ground observations,
Krasnopolsky (2010) determined values of 2.9 ppm in the early
morning and 1.2 ppm in the afternoon at latitudes ±40° with an increase at ±60° by a factor of 2. Spectroscopic studies of water vapor
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below the clouds and in the lower atmosphere from the night-side
emission in the near-infrared windows, including recent Venus Express measurements (Marcq et al., 2008; Bézard et al., 2009 and a
list of references in it), gave average values from 30 to 45 ppm.
We may conclude that only a general behavior of the vertical
distribution is ﬁrmly established: a gradual decrease from few tens
of ppm below the clouds to few ppm at the cloud tops and above.
However, the extreme spatial and temporal variability with high
maximum values found with IR radiometry, ground based microwave (references above) and visible range (e.g. Barker, 1975) measurements is not conﬁrmed by the IR spectroscopic measurements.
High abundances observed by the Pioneer Venus OIR instrument
may be explained by a methodic bias caused by the low spectral
resolution (Ignatiev et al., 1999), but the microwave measurements
are difﬁcult to refute. Krasnopolsky (2006) pointed out that the
observed variations of water vapor are poorly understood and need
to be further studied in both observation and theory. Hence new
observations with high spatial and spectral resolution remain of
high importance for understanding the cloud system and the role
of water (e.g. Koukouli, 2002). A near-sub-solar region is of special
interest due to high convective activity and therefore possible uplift of H2O and SO2 from deeper levels (Schoﬁeld et al., 1982). These
requirements are well met by observations acquired by the Visible
and Infrared Thermal Imaging Spectrometer (VIRTIS) on board
Venus Express.
We present here an investigation of the water vapor abundance
in the mesosphere of Venus at the level of cloud tops at a wavelength of 2.5 lm with VIRTIS-H, a high resolution subsystem of
the instrument. We consider its spatial and temporal variability,
relation with clouds, dynamics, and the ultraviolet absorption. For
the latter purpose water vapor measurements are superimposed
over UV images simultaneously taken by the Venus Monitoring
Camera (VMC) or the mapping channel of the VIRTIS instrument
(VIRTIS-M).

2. Observations
The Venus Express spacecraft was inserted into a polar orbit
around Venus on April 11, 2006 (Svedhem et al., 2007). The spacecraft carries a number of remote sensing instruments including
VIRTIS, the Visible and Infrared Thermal Imaging Spectrometer
(Piccioni et al., 2007; Drossart et al., 2007). Its high-resolution subsystem VIRTIS-H, used in this study, is an echelle grating spectrometer with eight diffraction orders focused on a 270  438 pixel
array detector. Each order covers 432  5 pixels, 432 being the
number of pixels in the spectrum, 5 being the number of pixels
covered by the image of the slit per spectral element. A complete
spectrum, which covers a spectral range from 2 to 5 lm, is thus
composed of eight partially overlapped spectra with variable spectral resolution of 1–3 nm. In the present study we have used orders
4 and 5. The Full Width at Half Maximum (FWHM) at 2.56 lm is
1.6 nm for order 4 and 1.2 nm for order 5, corresponding original
samplings being approximately equal to the same values. The
Noise Equivalent Spectral Radiance (NESR) at 2.5 lm is about
10 mW cm 2 sr 1 lm 1 and the best signal-to-noise ratio achieved
at the dayside is typically 103 for order 5 and somewhat higher for
order 4. It should be noted that such a high S/N ratio characterizes
only the random noise in the spectrum rather than its absolute
radiometric accuracy. Radiometric and spectral calibration uncertainties result in pixel-dependent systematic errors, which for
some extreme cases may even be comparable to the size of the
H2O signatures. The most important is the ‘‘odd–even’’ effect,
which is caused by the pattern noise of the not perfect ﬂat-ﬁeld
of the detector matrix. This translates in a different behavior of
the odd and even columns (and rows) of the detector array result-

Fig. 1. Local time and latitude coverage of the day side of Venus by selected VIRTISH observations. Correspondence of color coding to orbit numbers is given by the
rightmost axis.

ing in a residual unphysical saw-tooth shape of the calibrated
spectrum. In this study we have adopted a very simple and conservative solution, which is to consider the spectrum composed of
only odd or even spectral points. We chose the ﬁrst option as it
provided a better ﬁt between data and synthetic spectra.
The ﬁeld-of-view footprint is of the order of 10–20 km
projected spot size on the clouds in the equatorial region in
nadir-looking geometry, and the horizontal distance between
two centers of adjacent measurements is of the same order.
Poleward along the orbit, the footprint size decreases down to a
few hundred meters with a horizontal gap between consecutive
measurements of up to 100 km.
Venus Express observation modes are described in detail by
Titov et al. (2006). In this study we have analyzed data from 140
orbits with both nadir-looking and inertial orientation of the
spacecraft in the period from November 5, 2007, Orbit 563, to
October 29, 2008, Orbit 922. The observations cover the whole dayside in terms of local time (LT) while the latitudes span from 60°S
to 90°N (Fig. 1), with the area of maximum measurement density
in the northern hemisphere between 10 and 14 h of LT.
Simultaneous observations by the Venus Monitoring Camera
(Markiewicz et al., 2007; Titov et al., 2012) provided us with background UV pictures that might be helpful in establishing a relation
between clouds, water vapor and UV absorber. In rare cases variations of the UV albedo can be obtained from the simultaneous
measurements of the moderate resolution mapping channel (–M)
of the VIRTIS instrument, which coverage does not generally coincide with that of VIRTIS-H on the dayside of Venus.
3. Method
The spectrum of the solar radiation reﬂected from the dayside
of Venus shows several strong CO2 absorption bands and a number of weak features of minor species. Their depth depends on the
gas abundance, cloud particle properties and number density, and
the incident and emission radiation angles. An intense H2O band
that falls in the VIRTIS-H spectral range occurs at 2.56 lm (Fig. 2).
At the VIRTIS-H spectral resolution it is seen as a series of weak
features. The cloud top level, deﬁned as the altitude of optical
depth unity in the considered spectral range, may be evaluated
from the depth of CO2 lines located in the vicinity (e.g. Ignatiev
et al., 2009). The interval from 2.48 to 2.50 lm is suitable for this
objective because it presents usable CO2 features while it is
almost free from H2O absorption. Typically, the model radiance
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Fig. 2. Example of VIRTIS-H spectra with CO2 and H2O bands used in the present
analysis. The continuum is represented by dashed lines. Diffraction order 4 spectra
are shifted down by 7 W m 2 sr 1 lm 1.

exceeds the measured values, which can be explained by the lack
of absorption in the assumed properties of the clouds. However,
since the accuracy of the absolute radiometric calibration may
not be better than 15%, the exact ﬁtting of the spectra by means
of introduction of additional absorption does not seem very
meaningful. Spectral position uncertainty is another reason to apply a simpliﬁed approach when both the cloud top altitude and
H2O abundance are retrieved by ﬁtting the equivalent widths of
absorption bands in the normalized spectrum. Both CO2 and
H2O bands are covered by the spectra of diffraction orders 4
and 5 (Fig. 2). Order 5 has been selected as a major data source
since it seems to be less affected by systematic errors and it is
better ﬁtted by our model. CO2 bands are integrated in the interval 2.4777–2.4942 lm, and H2O in 2.5797–2.6003 lm. The spectrum within these intervals is normalized to a continuum
deﬁned by the linear interpolation between the interval boundaries with an additional intermediate continuum point for the
H2O band at 2.5912 lm. For each measurement, radiative transfer
calculations are performed at the given solar incidence and emission angles, and equivalent widths of the bands are compared to
the experimental values. A simple iterative procedure is used to
ﬁnd ﬁrst the cloud top altitude and then the water vapor abundance from the CO2 and H2O band widths, respectively.
Theoretical models (Krasnopolsky and Pollack, 1994) and measurements demonstrate that the water vapor is not uniformly
mixed in the mesosphere. However, vertical proﬁle information
cannot be retrieved from our data, and we have to assume a uniform mixing of H2O. We take an initial guess equal to 1 ppm and
retrieve a factor to the ﬁrst guess proﬁle to avoid negative values
in the iterative process.
Our fast radiative transfer model takes into account multiple
scattering and accurate line-by-line treatment of gaseous absorption. It is based on the two-stream approximation (Isaacs et al.,
1987; Ignatiev et al., 2005). The algorithm was validated for our
conditions by comparison with the DISORT code (Stamnes et al.,
1988) and appeared to be sufﬁciently precise at low emission angles. The VIRTIS-H instrumental line shape function is included
as a Gaussian curve with a variable FWHM given in the calibrated
data.
Spectroscopic data are taken from HITRAN 2008 database
(Rothman et al., 2009; http://www.hitran.com) and Carbon
Dioxide Spectroscopic Database (CDSD) for Venus (Tashkun and
Perevalov, personal communication, 2008; ftp://ftp.iao.ru/pub/

Fig. 3. Sensitivity of the spectrum to variations of the H2O proﬁle
W m 2 sr 1 lm 1 ppm 1.
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CDSD-2008/Venus/). H2O line widths broadened by CO2 are calculated with a Fortran code by Gamache (1995).
The atmosphere and cloud model used here is identical to that
used by Ignatiev et al. (2009) for the cloud top altimetry derived
from VIRTIS-M data, the mapping channel of the VIRTIS instrument. Temperature and pressure proﬁles were taken from the
Venus International Reference Atmosphere (VIRA) model (Seiff
et al., 1985). The model is latitude-dependent: temperature and
pressure proﬁles are interpolated between the model proﬁles at
30°, 45°, 60°, 75° and 85° to the actual observation latitudes. Cloud
particles are assumed to be composed of 75% sulfuric acid with
complex refraction index from Palmer and Williams (1975). The
particle size distribution is assumed dominated by the mode 2
for upper clouds, a lognormal distribution with rm = 1.05 lm and
r = 1.21 (Pollack et al., 1980). The vertical number density proﬁle
is exponential with a scale height of 4 km typical for low latitudes
(Ragent et al., 1985; Zasova et al., 1993, 2007; Koukouli et al., 2005;
Lee et al., 2012).
The calculated sensitivity of the radiance to variations of the
@Ii
water vapor proﬁle is given by the Jacobian elements @q
, that is
j
derivatives of the measured radiance I in the ith spectral channel
with respect to the water vapor abundance q at the jth level
(Fig. 3). The measurements are sensitive to the water vapor abundance in the upper cloud region extended by 10 km, with the maximum of sensitivity being a few kilometers lower than the altitude of
unit optical depth at 2.5 lm, which in this example is equal to 70 km.

4. Results
4.1. Cloud altitude and water vapor abundance
Latitudinal proﬁles of the cloud top altitude and the water vapor abundance derived from the VIRTIS-H order 5 data are presented in Figs. 4–8. The cloud top behavior has already been
deduced from a number of previous observations (Ignatiev et al.,
2009 and references therein): the cloud top altitude at the pole is
several kilometers lower than that at the equator. Despite UV
images demonstrate very non-uniform clouds (e.g. Titov et al.,
2012), in low and middle latitudes local deviations of the measured
cloud top altitude from the general trend on a spatial scale of few
degrees do not exceed few hundred meters. The random error evaluated from the NESR is small enough for such local variations to be
observed in details (Figs. 4 and 5). This error can also be directly
evaluated in the spot-pointing observation mode, provided that
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Fig. 4. Examples of the retrieved cloud top altitude (left axes and corresponding color) and water vapor abundance (right axes and corresponding color). Orbit numbers are
given on top of the ﬁgures. Error bars show 1r errors due to random noise only. The additional curve on 0724_02 is an indicative UV albedo (arbitrary units, scaled and
shifted) from VIRTIS-M VIS channel. Note the difference between the observations in the pairs: 588–590: half period of the superrotation; 723–724: systematic difference
between the consecutive orbits with inertial (723) and nadir orientation (724); 870–874: full period of the superrotation. (For interpretation of the references to color in this
ﬁgure legend, the reader is referred to the web version of this article.)

the solar zenith and emission angles do not change considerably
during the observation session (Fig. 6).
The 3r error bars shown in Figs. 7 and 8 are the averaged errors
and serve to characterize the whole scatter of the results obtained.
Global scale temporal variations may exceed 1 km between consecutive orbits spaced by 24 h (Fig. 5). However, the scatter of
2 km at low latitudes in Fig. 7 (top), seen also as two branches
equatorward of 30°S, is caused by an imperfection of the method,
resulting in the difference between the measurements in the nadir
geometry and those with very high emission angles on orbits with
inertial orientation of the spacecraft (cf. 0724_02 and 0723_02 in
Fig. 4). Our primary goal is however the water vapor abundance,
which is almost unaffected by this systematic error (see below Section 4.2). At low latitudes (30°S–30°N) the H2O mixing ratio is 2.5–
4.5 ppm with an average value of about 3 ppm. At mid latitudes
both the average value and variations increase. A maximum of
5 ppm is reached at high latitudes at 70–80°N and thereafter decreases toward the pole. The scatter of the measurements reaches
its maximum over the polar region, which is caused by both the
low signal to noise ratio at high solar zenith angles and perhaps
a real variability.
The local time dependence of the average values is shown in
Fig. 8 for a latitude band between the equator and 30°N, which is

the best covered by our measurements (Fig. 1) and is free from
the inﬂuence of the latitudinal trend. Cloud top altitudes seem to
decrease in the morning and in the evening, which may be also
caused by the aforementioned model error at high solar zenith angles, while the water vapor abundance contrary to Krasnopolsky
(2010) does not show any considerable dependence on local time.
In particular, no evidence was found of the wet spot in the subsolar
region (Figs. 5 and 8) observed in the OIR Pioneer Venus experiment (Schoﬁeld et al., 1982; Irwin, 1997; Koukouli et al., 2005),
although altitudes probed by OIR are more than one scale height
lower and the two datasets cannot be directly compared. A
considerable early morning enhancement in H2O reported by
Krasnopolsky (2010) and explained by the lack of photochemical
production of sulfuric acid in the night time is also absent in our
results. At low and mid latitudes the water vapor abundance is
quite stable within the aforementioned variations of few ppm.
Strong and rapid variability observed in the ground-based millimeter and submillimeter measurements (Sandor and Clancy, 2005;
Gurwell et al., 2007) is characterized by the occurrence of very
small abundances below 0.1 ppm, which are never present in our
data, except for the polar region with very high solar zenith angles
where the errors are of the order of the measured values. Spectroscopic measurements in the far and near IR (Ignatiev et al., 1999;
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Fig. 5. Sequence of measurements on 12 consecutive orbits with local time drifting from 11.5h to 13.4h.

Koukouli et al., 2005 in the part concerning Venera 15; Fedorova
et al., 2008a, 2008b; Bjoraker et al., 1992) are all in good agreement
with our results after allowing for the differences in the maximum
sensitivity altitudes of these measurements.
4.2. Systematic uncertainties
The absolute accuracy of the water vapor measurements is
strongly limited by the systematic uncertainty in the measured
cloud top altitude caused by calibration errors (but not the model!). Although the ﬁt of the CO2 band seems to be better for order

4 spectra than for order 5 (Fig. 2), cloud top altitudes derived from
order 4 appear to be evidently wrong on orbits with inertial orientation of the spacecraft at high solar zenith and emission angles.
During orbits with nadir-looking orientation of the spacecraft, with
respect to order 5, cloud top altitudes obtained from the order 4
data are 1 km and 2–3 km higher at high and low latitudes respectively and the corresponding H2O mixing ratios are two or more
times higher. An example is given in Fig. 9 for Orbit 724. The error
in H2O abundance related to the uncertainty in the cloud scale
height is much smaller. In general, cloud and radiative transfer
model errors have only a minor effect on the water vapor
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a

Fig. 6. Measurements in the spot pointing mode: cloud tops altitude (left scale) and
water vapor abundance (right scale), Sun zenith angle h0 = 57°, emission angle
6° < h0 < 27°. Error bars (1r) represent random errors evaluated from the noise
equivalent radiance.

b

a

Fig. 8. Measured cloud top altitude (upper panel) and water vapor abundance (as a
function of local time in low latitudes (0° < u < 30°).

b

Fig. 7. Measured cloud top altitude (top) and water vapor abundance (bottom) as a
function of latitude. Error bars (3r, where r is a standard deviation) characterize
the scatter of the measured values.

statement. If the cloud scale height is small, which may occur at
high latitudes (Zasova et al., 1993), the water vapor abundance is
up to 2 times lower. In this case the high latitude maximum of
the H2O abundance is less pronounced than when derived with
the scale height of 4 km (Fig. 7, bottom), but still present.
On Orbit 724 both VIRTIS channels, H and M, had identical
pointing, which allows for a cross-check of cloud top altitudes retrieved from the two channels. Ignatiev et al. (2009) used the
strong 1.6 lm CO2 band in VIRTIS-M spectra and referenced their
results to a wavelength of 1.51 lm, the edge of the CO2 band. In
our cloud model where the scale height is 4 km, the level of unit
optical depth at 2.5 lm is located 4 km lower than that at
1.51 lm (Fig. 9). When referred to the same wavelength, the results from the two datasets can be intercompared (Fig. 8b from
Ignatiev et al. (2009); reference wavelength 1.51 lm; VIRTIS-M
and VIRTIS-H order 4 data) and they show a remarkable agreement. However the almost perfect coincidence is probably accidental since the systematic uncertainty in cloud top altitude is at least
2 km.
5. Discussion
5.1. Implications for clouds

abundance. CO2 and H2O bands are located at very close wavelengths and are similar in intensity. Whatever is the model, the
CO2 bands are always ﬁtted with the same constant abundance.
Therefore the H2O abundance should also be independent from
the model. In practice, as one can see from Fig. 9, this is not a strict

Since the time scale for condensation and evaporation at the
cloud tops is much smaller than that for horizontal and vertical
transport (Mills, 1999), water vapor is supposed to be in equilibrium with the sulfuric acid cloud droplets. Using the obtained
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Fig. 10. Equilibrium sulfuric acid weight percentage (upper panel) and the ratio of
the water amount in the gas phase to that contained in droplets (lower panel). The
reference level is the cloud top altitude (Fig. 4) minus 2 km.
Fig. 9. Illustration of systematic uncertainties. Cloud top altitude (top) and H2O
abundance (bottom) for Orbit 724. Note the difference (i) between the values
derived from order 5 and order 4 VIRTIS-H data; (ii) between the values derived
assuming the cloud scale height 4 and 1 km; (iii) cloud tops altitude at the
wavelength k = 2.5 lm, used here and 1.5 lm, used in Ignatiev et al. (2009).

H2O abundances and mode 2 particles number density proﬁles and
the data on the saturated water vapor pressure over the H2SO4
solution (Giauque et al., 1960; Zeleznik, 1991; Tabazadeh et al.,
1997), we estimated the equilibrium concentration of the sulfuric
acid solution in the upper clouds and the ratio of the water in
gas phase to that in the droplets at the same level (Fig. 10). The reference level for this estimate is 2 km lower than the cloud tops
shown in Fig. 7. This is the level of maximum sensitivity of our
measurements (Section 3 and Fig. 3). Deviations by ±2 km from
this level do not change the picture signiﬁcantly as well as the
usage of the average temperature ﬁeld measured by the radio science experiment VeRa on Venus Express (Tellmann et al., 2009) instead of the VIRA model. The equilibrium concentration appeared
to be in agreement with expected values of 75–85% (Sill, 1972;
Young, 1973; Hansen and Hovenier, 1974; Pollack et al., 1978),
being bounded in even more narrow limits of 80–83% at low latitudes (40°S–40°N). It is worth noting that we consider the sulfuric
acid to be in a liquid state so that it is supercooled down to 45 K
below its thermodynamic freezing point at the estimated concentrations. The water amount in a gas phase almost always exceeds
that contained in droplets, which supports qualitatively the importance of dynamics in the observed latitudinal distribution of the
water vapor.

5.2. Possible role of dynamics in the latitudinal distribution of water
vapor
The latitudinal distribution behavior of the water abundance at
the cloud tops is in agreement, and in this sense is a further conﬁrmation, with the global dynamical scheme of the atmosphere in
terms of a Hadley cell and polar vortex circulation. The water vapor
observed on the cloud tops is indeed horizontally transported from
the mid-low latitudes, where the solar incidence angle is relatively
low, and where convection is more signiﬁcant. The convection triggers the upwelling that injects more humid air onto the cloud tops
coming from lower levels, where water is more abundant. At midhigh latitudes 60–80°N, the convergence of air masses starts to
prevail on the horizontal motion with vertical downwelling forced
by the Hadley and polar cells (e.g. Lee et al., 2007). This convergence is seen also in the behavior of the meridional component
of the cloud-tracked wind velocity at the cloud tops: at about 70°
it changes its sign from the poleward to the slow motion in the
opposite direction (Khatuntsev, personal communication, 2010).
The effect of downwelling is also seen as enrichment of the CO
abundance at a lower level of about 35 km (Tsang et al., 2008), because the CO source is located above the clouds. In fact the downwelling transports CO from a region where it is more abundant to a
region where it is less abundant. Similarly but upside down, the
upwelling in the inner part of the polar cell transports water vapor
from a region where it is more abundant (lower levels) to the tops
of the clouds, with a consequent enrichment of water vapor
abundance seen on the cloud tops at high latitudes. The polar cell
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Fig. 11. Cloud top altitude and H2O abundance smoothed with a three point wide smoothing window on Orbits 590 (top) and 722 (bottom) with the UV VMC image in the
background.

represents a giant vortex with some similarities to terrestrial hurricanes (Limaye et al., 2009). As in the hurricanes, a downwelling
occurs in the vortex eye, with the consequence of depleted water
vapor abundance at the pole. A conﬁrmation of the strong
downwelling inside the vortex is also seen as a signiﬁcant increase
of CO abundance on the cloud tops found by Irwin et al. (2008).
5.3. Search for correlation with the UV absorber
Models explaining UV markings imply a relation between the
bright and dark UV regions, clouds height and water vapor.
Esposito and Travis (1982) based their chemical and dynamical
models explaining the UV markings on the conclusions drawn from
the Pioneer Venus ultraviolet spectrometer and cloud photopolarimeter measurements. In the dynamical model, the UV markings
are related to the motion of the air masses, the dark regions being
the regions with vertical convergence and horizontal divergence.
Since the H2O abundance is known to decrease with altitude, one
could expect some correlation of the UV absorption, water abundance, and cloud tops. In the chemical model a horizontal variability of H2O provides a source for the observed UV brightness
variations. Our results reveal neither considerable horizontal variations of cloud top altitude and water vapor nor any systematic
correlation of the UV markings with cloud tops and water vapor
(Orbit 724 in Fig. 4; Fig. 11). Sometimes UV dark features may correspond to local minima or maxima in the cloud top altitudes and
H2O abundances, without systematic dependence however. It is
worth noting that this conclusion regards the local variations at
low and mid latitudes only, while on the global scale the UV brightness and cloud tops altitude do show a correlation (Titov et al.,
2008; Ignatiev et al., 2009), but this is more tightly related to the
global atmospheric structure and dynamics and it does not take
into account any meteorological behavior.

volume mixing ratio vertical proﬁle, cloud scale height of 4 km and
a reference wavelength of 2.5 lm. Poleward cloud top altitude falls
down to 62–64 km, a minimum being reached in the polar region,
while the water abundance at the cloud top level increases by
about two times with a maximum at 70–80° and then tending to
decrease toward the pole, where the highest scatter on the retrieved abundance is observed. The calculated mass percentage
of the sulfuric acid solution in cloud model 2 particles is in agreement with expected values of 75–85%. In low latitudes it is
bounded in a narrow interval of 80–83%. The amount of water in
vapor always exceeds that in cloud particles, indicating that the
water vapor abundance near cloud tops is not simply controlled
by the equilibrium with the sulfuric acid clouds, but created at this
level by other, e.g. dynamical, reasons. The meridional distribution
behavior of the water vapor abundance near the cloud tops of
Venus is consistent with a combined Hadley and polar cells scheme
for the global circulation dynamics. Local variations of both cloud
top height and water vapor abundance does not seem to be
systematically correlated with the UV absorption.
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