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1. The VMC data
Since May, 2006, the Venus Monitoring Camera
(VMC) [1] has been imaging Venus in four narrow
spectral channels centered at the wavelengths of
0.365 μm (UV), 0.513 μm (VIS), 0.965 μm (NIR1),
and 1.010 μm (NIR2). It took around 300 000 im-
ages in four channels covering almost all the lati-
tudes, including night and day sides.

We analyze the whole set of the VMC data pro-
cessed to October, 2012, i.e. the data from or-
bits 60 – 2 352 obtained in the phase angle range
𝛼 = 0° – 140° . The data for the fixed incidence
angles 𝑍0 and latitudes ((30°N … 70°S) ± 2° with
step 10°) were selected and distributed among the
the 1°-intervals of the emission angle 𝑍 and the
local solar time (LST) interval 6 – 18 h. For ev-
ery 𝑍, the 1°-binning by a phase angle was done,
and the mean value and the standard deviation in
the bins were calculated. The latter turned out
to be very small, usually less than 0.01%. Each
value of brightness obtained in such a way cor-
responds to a specific combination of photometric
angles 𝑍0, 𝑍, 𝛼, and the modeling was performed
for each of them.

2. Modeling the phase depen-
dence of brightness

To estimate the properties of cloud particles, we
modeled the phase dependence of brightness re-
trieved from the dayside images obtained in NIR1
VMC channel. The choice of the NIR wavelength
decreases the number of free parameters, since
there is no NIR absorption in the Venus clouds.
The radiative transfer calculations were performed
for the plane-parallel atmospheric layers, and the

single scattering phase functions were found with
the Mie theory. The standard gamma size distri-
bution of cloud particles was assumed; the effec-
tive radius 𝑅eff was varied from 0.9 to 1.4 μm (the
1-μm mode), the effective variance 𝜈eff was mainly
fixed at 0.07. The real refractive index 𝑚u� of
the 1-μm mode was varied from 1.44 (typical of
H2SO4) to 1.49.

Since submicron particles are known to be ubiq-
uitous in the Venus clouds and hazes, their pres-
ence was also taken into account. Their properties
were assumed as 𝑅eff = 0.23 μm, 𝜈eff = 0.18, and
𝑚u� corresponding to H2SO4. For submicron par-
ticles in the clouds the sulfur composition was con-
sidered as well. For the haze submicron particles,
the larger radii, up to 0.9 μm, were also tested.
The percentage of submicron particles 𝑁smb in
the main cloud layer, and the optical depth of the
overcloud haze 𝜏haze were varied [2, 3].

The total number of models was 1 024 (see the
on-line supplementary material of [3]). Most of
them were calculated only for one value of the op-
tical depth of the clouds 𝜏 = 30, since the sensi-
tivity of the phase profiles to this parameter was
found to be relatively small. The best fits were
chosen automatically by the least square method.

The examples of the best fits are shown in fig. 1.
They illustrate the tendency in the behavior of
submicron particles: the submicron particles are
detected in the haze and/or clouds mostly in the
morning. Of course, this fact does not mean that
there is no submicron mode in the afternoon and
in the evening in the Venus clouds; this only means
that its amount diminishes, and the NIR1 chan-
nel cannot distinguish it, because its sensitivity to
submicron particles is low (as compared to UV).
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Figure 1: Examples of the best model fitting for the data obtained in the morning (LST = 6 – 10 h;
two left panels) and in the evening (LST = 16 – 18 h; right panel) at 𝑍0 = 70° and different latitudes.
Superposition of cyan (observation) and magenta (model) colors produces dark blue color. The parameters
of the models are specified in the plots. Every point in the observational profile (cyan color) corresponds
to the specific combination photometric angles 𝑍0, 𝑍, and 𝛼. The model (magenta color) was calculated
for each of these points according to its photometric conditions. Deviations of the model from the
observations ( 1

2 (𝐷𝑎𝑡𝑎 − 𝑀𝑜𝑑𝑒𝑙) + 150 W m−2 sr−1 μm−1) are shown at the bottom of each plot, where 𝑁
is the number of observations at the given photometric conditions (see color scale). Orbits 60 – 2 352.

3. Summary
The following temporal and spatial variations of
the sizes and refractive index of cloud particles
were found from the phase dependencies of bright-
ness measured by the NIR1 VMC channel:

• The presence of particles with 𝑅eff ≈ 0.9 μm
in the clouds and/or the overcloud haze is
pretty confident at latitudes 40°S – 60°S.

• In general, the particles at low latitudes are
somewhat larger than in the regions closer to
the southern pole (𝑅eff = 1.2 – 1.4 μm versus
0.9 – 1.05 μm).

• The refractive index of cloud particles at lati-
tudes 40°S – 60°S is usually smaller than that
closer to the equator (𝑚u� = 1.44 – 1.45 versus
1.45 – 1.47 with sporadic spikes up to 1.49).

• No clear tendency in the temporal behavior
of the refractive index and sizes of cloud par-
ticles during the local day is observed. The
exception is the presence of small submicron
particles (𝑅eff = 0.23 μm) detected mostly in
the morning within the clouds and/or in the
haze above the clouds.

The procedure and results of this analysis are
described in detail in [3].
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