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Temporal variations of Venusian upper cloud and haze
inferred from ground-based polarimetric observations
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Summary (Abstract) of doctoral thesis contents

Venus is entirely shrouded by thick clouds composed of micron-sized droplets of
concentrated sulfuric acid (H2S04). In addition to the main cloud, it is known that the
submicron hazes overlay and vary with time scale of several years. These particles
play important roles in the upper atmosphere of Venus by scattering and absorbing
the incident sunlight, thereby affecting the temperature and the chemistry. Therefore,
studying generation and sustention mechanism of the massive cloud system 1is
essential for deep understanding of the chemical process, radiative balance of the
atmosphere, and atmospheric dynamics. With such background, this thesis focuses on
spatial and temporal variability of clouds and hazes of Venus. Three major
achievements of this thesis are: A) large-scale temporal variations of the haze are
detected and characterized by ground-based observations; B) physical parameters are
derived by comparing the observations with model simulations; and C) a possible

factor for the temporal variations of haze i1s proposed.

A) Tracking the temporal variations of the haze

To efficiently study variability of submicron hazes, appropriate observing
wavelengths (930 nm for haze abundances and 438 nm for cloud-top altitudes) and
solar phase angles (—~80 degrees) are chosen. Then, strategic imaging-polarimetric
observations were carried out from August 2012 to June 2015 with HOPS (Hida
Optical Polarimetry System) instrument attached to the 65cm refractor telescope at
the Hida Observatory. In addition to the standard processing of polarimetry data, I
have developed a procedure to reduce the effect of atmospheric seeing: both
disk-integrated polarizations and spatially-resolved polarization maps are produced
from raw HOPS data. I measure the disk-integrated polarizations with a technique of
aperture photometry, which minimizes the blurring effect due to the atmospheric
seeing. Then, I estimate a point-spread function (PSF: a modified-Lorentzian function
is introduced) for each image, by blurring a synthetic image to match the observed
image, which is used in the model comparisons. In the time series (August 2012, April
2014, and June 2015), a significant change in the disk-integrated polarizations (from
-2.2% to -3.6%) is detected. The polarization maps also show large changes in spatial
distribution of the haze. The positive polarizations seen in polar regions in August
2012, turned to be negative in April 2014 and June 2015. Such a large-scale

variability is reported for the first time since the end of the Pioneer Venus mission.

B) Derivation of physical parameters for the haze variations

To estimate the properties of the haze, I compared observations with theoretical
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calculations. For model calculations, I refer to Sato et al. (1996) as the vertical
structure model, which approximate well the structure of upper cloud of Venus.
Optimal parameter space is searched for by comparing the disk-integrated
polarizations and the polarization maps with the model computations after blurring
with the measured PSF. From the comparisons of 930nm data, I found optical
thickness of upper haze 742=0.15 and fraction of the haze in cloud layer f4=0.047 in
August 2012, decreasing to 7z2=0.02 and £=0.016 in April 2014, and 7x=0.01 and
#=0.01 in June 2015. On the other hand, from 438nm data, the cloud top altitudes
are lower in polar region in August 2012 and June 2015, while these are at for the
entire planet in April 2014. With these results, I have tested the “Cloud lowering
hypothesis" (Braak et al. (2002)); the haze particles are distributed uniformly in
certain altitude over the whole altitude, thus the lowering of the cloud top leaves
relatively more of sub-micron particles above the cloud. My finding that zx is small
while the cloud top altitude on polar region is lower in June 2015 obviously conicts
with that hypothesis. For the first time, such discrepancy is observationally and

quantitatively indicated.

C) Possible factor of the temporal variation of haze

In order to explain mechanisms of the variations of haze, I simulated the behavior of
tn and f» by altering the cloud top and aerosol scale height profiles by referring to
previous studies based on Venus Express [Wilquet et al. (2012), Lee et al. (2012)].
When aerosol scale height is varied, z» does not change over some aerosol scale height
and f» increase linearly. From these 2 examinations, I found that the variations of
both cloud top altitude and aerosol scale height also cannot explain my observations.
However, the simultaneous decrease of f; and 7z are realized when the amount of the
haze particles is lowered. This shows that the amount of haze itself is the cause of
the variation of 7z and fa. I propose the relationships to the solar activity as a
possible explanation for such variation of haze. To investigate this, I developed a
conversion equation from derived zx to SO2 abundance foz of which time history can
be found in literature. Esposito et al. (1988) pointed out the correlations in temporal
variation of za and 502 during PVO mission, which indicate that the source of the
haze is SO2. Using my results and the relationships between them, I estimated the
temporal variations of fSo2. The values obtained from the relations are consistent
with the temporal variation of fo2 reported by Marcq et al. (2013), if the decrease of
f502 from 2007 has been continued. I found that several phenomena, such as increases
of haze and SOg2, seem to correspond to the solar maxima. The photochemical
reactions, thus production of SOz, might become active since the UV flux increase in
solar maximum. In order to confirm the relations between solar activity and SOz or za,

long-term observations over several ten years are needed for the future.
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My observations captured the situation of epic decrease of the haze since 1980's
Pioneer Venus mission by ground-based observations for the first time, which provide
new information about the temporal variations of upper haze to the history of Venus.
The cause of the temporal variations of the haze and proposed factor to them in this
thesis should contribute to the science of Venus in understanding the mechanism of

generation and sustention mechanism of the upper haze.
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