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Global Geological Mapping of Venus from Magellan/Venera 15-16:
What Have We Learned and How Can New Missions Address Outstanding Questions?
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Global Magellan/Venera 15-16 image/altimetry coverage permitted compilation of a 1:10 M
scale global geologic map [1] & a resulting stratigraphic sequence & geologic history
framework [2.3] (Fig. 1). How do these results inform us about the history of Venus &
outstanding questions that can be addressed by the upcoming trio of missions destined for
Venus? The observable geological history was subdivided into 3 distinctive phases: Phase 1
(Fortunian Period) involved intense deformation/building of thicker crustal regions (tessera)
followed by distributed deformed plains, mountain belts, & regional interconnected groove
belts. Phase 2 (Guineverian Period) involved global emplacement of mildly deformed volcanic
plains, followed by wrinkle ridge formation. Phase 3 (Atlian Period) involved prominent rift
zone formation & lava flow fields unmodified by wrinkle ridges, often associated with large
shield volcanoes & some coronae. About 70% of Venus was resurfaced during the
Fortunian/Guineverian & ~16% during the Atlian; estimates of model absolute ages suggest
that the Atlian was ~2X longer than the Guineverian, thus, characterized by significantly
reduced rates of volcanism & tectonism. These observations raise some fundamental questions
for future missions: 1. Is there evidence for extensive fluvial/glacial & pyroclastic activity?
When, where & how abundant?: This is of critical importance for determining the history of
the present atmosphere & links to the volatile content of eruptive magmas. 2. What constraints
does the distribution/volume of different aged volcanic plains place on atmospheric origin &
evolution? 3. How do tessera patterns of deformation compare among different occurrences &
how do similarities/differences inform us about tessera origin (e.g., downwelling/lateral
collision, upwelling, etc.)? 4. How much strain is represented by tessera deformation features?
How does this vary in space and time? 5. What is the history of topography on Venus & how
does this inform us about Venus’ thermal & geodynamic evolution?: When & how did the
current topography form & what are the relative roles of Pratt/Airy isostacy? 6. What are
criteria for recognizing tectonically modified impact craters in tessera? Can additional craters
be recognized?
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Contents of abstract: A few large shield volcanoes and coronae in Eistla Regio on Venus
host deposits characterized by long runout distances (60 – 120 km), feathery boundaries, lack
of distinctive flow features, and higher radar backscatter (relative to the adjacent plains units)
in Magellan synthetic aperture radar images [1-3]. Previous studies have interpreted these
deposits as young, clast-rich pyroclastic units emplaced by pyroclastic density currents (PDCs)
which form via eruption column collapse [4,5]. These proposed pyroclastic deposits provide
evidence for late-stage eruptions from likely localized, volatile-rich magma sources,
challenging the idea of a completely dry interior for Venus. Further investigations of the
formation of these units are necessary in order to understand how pyroclastic eruptions emplace
material under Venus’s topographic and ambient conditions. We use established models of
granular flow transport developed for terrestrial studies to model particle laden PDC transport
on Venus [6,7]. PDCs formed by two styles of eruption column collapse — sustained
fountaining and impulsive collapse — were simulated at deposit locations where highresolution stereo topography coverage was available [8]. A range of values for input parameters
such as flow volume, column height, and eruption duration were explored. The model results
were evaluated by comparing the modeled deposit extent to the mapped extent of the proposed
PDC deposits to place constrains on the modeled eruption conditions that result in the best fits
for the deposit extent. Our model results emphasize that flow fluidization via high initial pore
pressure is critical for transport of pyroclastic material across large distances on Venus. We
find that dense PDCs fed by either instant collapse of eruption columns of height 1.2–1.4 km
or sustained fountains of ~ 50 m height could have formed some of the smaller PDC deposits
in Eistla Regio. The formation of larger PDC deposits, which would have required more
energetic eruptions and larger currents, is the focus of our ongoing studies. Higher resolution
imagery and topography dataset of similar putative pyroclastic deposits will assist in refining
the model’s initial conditions, permitting more detailed modeling studies of pyroclastic
eruptions on Venus.
References: [1] McGill, G. E. (2000). USGS Sci. Inv. Map 2637.[2] Campbell, B. A. and
D. A. Clark (2006), USGS Sci. Inv. Map 2897. [3] Grosfils E. B. et al. (2011), USGS Sci. Inv.
Map 3121. [4] Campbell B. A. et al. (2017) JGR 122, 1580–1596. [5] Ghail R. C. and Wilson.
L. (2015) Geological Soc. Lond. Spl. Pub. 401. [6] Iverson R. M. and Denlinger R. P. (2001)
JGR, 106, 537-552. [7] Patra A. K. et al. (2005) JVGR 139, 1–22. [8] Herrick, R. R. et al.
(2012) EOS Trans. AGU 93, 125-126.
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Tesserae are arguably the oldest terrains on the Venus surface and supposedly aged between
420-1000 Myrs. [1] proposes that, towards the end of the accretion period, Venus would have
sustained the ocean with a cooler temperature and would have supported the carbonate silicate
cycle. Over the period, with the release of more CO2 into the atmosphere, a runaway
greenhouse effect was triggered and warmed Venus to its present state. The average age of
tesserae matches very well with the 3D Venusian climate model that shows the planet was more
temperate and habitable in 1-3 Gyrs. This makes the study of tesserae important as it likely
holds the record of the Venusian surface evolution. Hence, it is important to know about the
morphology and the composition of tesserae. Different tesserae zones present unique
characteristics among the different geologic units of Venus, likely due to different soil types or
compositions, morphology and stratigraphy. Previous studies along with lander based insitu
measurements have predicted the composition of the tesserae to be either basaltic or more
silicic or granitic. Earlier studies proposed even the presence of feldspar based on the Pioneer
Venus data. The discovery of the atmospheric spectral window on Venus near 1 μm has opened
up several opportunities to study the planetary surface composition. Thus, the multispectral
data from VIRTIS instrument onboard Venus Express by Europian Space Agency, operating
in the wavelength range ~0.25-5.0 µm was found incredibly suitable to study the surface
composition and the emissivity particularly using the atmospheric windows at 1.02, 1.10, and
1.18 µm. The highland region of the tesserae has shown distinct variability in the emissivity
with altitude. Using the Magellan radiometric data, [2] classified the tesserae highlands into
four main categories based on this altitudinal variation of emissivity. The four classes as seen
from the data are seen to have (i) decreasing trend with elevation >6053 km followed by a steep
increase at the elevations >6056 km (ii) similar trend as in (i) but seen at a much lower altitudes
(iii) relatively constant emissivity throughout the elevation (iv) no significant observed trend.
[3], further classified tesserae and mountain belts into 7 distinct patterns based on the Magellan
radar emissivity, altimetry and backscatter data for all mapped tesserae which could likely be
due to at least 2 distinct types of mineralogy based on its altitude. All these variations could
indicate different rock types, atmospheric conditions, ages, weathering or the mix of all.
Radiometric observation in the decimetre wavelengths is suitable to probe the deeper depths of
thick atmospheric planets like that of Venus. The Giant Metrewave Radio Telescope (GMRT)
based radiometric multi-polarization, multi-frequency observations have derived the global
mean dielectric constant of the Venusian regolith to be ~4.5 [4]. With the support of the
radiative transfer-based simulation, the Venusian surface is hypothesized to be composed of 2layers with low reflectivity (~0.5) surface regolith layer overlaid over a high reflectivity (>0.8)
semiconducting layer. The low-lying plains are likely to be the result of anhydrites with a
dielectric constant of (6.2 + j0.001). This can likely reduce the overall dielectric constant of the
surface to 4.5 + j0.1. The presence of highly reflective minerals in the deeper depths is seen as

the reduced brightness at the radio wavelengths especially at the decimetre and metre
wavelengths. The evidence of this is seen in the high reflectivity floors and ejecta of several of
the craters such as Boleyn, Stanton, Mead etc likely due to high dielectric constant minerals
excavated from the interior.
The current paper attempts to shed light on the mineral composition on selected
highland regions on the tesserae region from the VIRTIS and Magellan radiometric
observations in view of the GMRT multi-frequency, multi-polarization data and the radiative
transfer-based simulations. In the highlands, the sulfidation of Fe bearing mineral assemblages
such as pyrites (FeS2) that are stable at low temperature (or high altitudes) condenses at these
regions. Depending on the atmospheric conditions metal halides, sulphides or chalcogenides
are also possible explanations. The paper also emphasises the need for future satellite-based
multi-frequency, multi-polarization observation to study the Venusian surface composition and
morphology.
Reference: [1] Way, M. J., & Del Genio, A. D. (2020). JGR: Planets, 125 (5). doi:
https://doi.org/10 .1029/2019JE006276. [2] Gilmore, M. S. & Brossier, J. (2019). 50th LPSC
2019 (LPI Contrib. No. 2132) [3] Brossier, J. & Gilmore, M. S. (2021). Icarus, 355,
https://doi.org/10.1016/j.icarus.2020.114161. [4] Mohan, N. et. al (2019). MNRAS, 487(4),
4819-4826. https://doi.org/10.1093/mnras/stz1556
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Introduction: Characterization of various surface geomorphological features are essential
to understand the geological evolution of Venus. The understanding of topography, surface
properties and the tectonic evolution of Venus is mostly gained through radar observations
obtained since 60’s by Earth-based radio telescopes such as Goldstone, Haystack, Arecibo, and
spacecraft-based missions such as Pioneer, Venera, and Magellan [1]-[10]. The present study
comprises characterization of predominant surface geological features using Magellan data to
understand the evolution process of the surface features and the gap areas for future studies.
Methodology: Radar backscatter distribution over various surface geological features, such
as impact craters, volcanic features, coronae, etc., are analysed using Magellan S-band copolarized (HH) Synthetic Aperture Radar (SAR) data (100-200m spatial resolution). The
topography of these landform-scale geomorphological features are studied using Magellan
Altimeter data (~4.5 km spatial resolution).
Results: The study exhibits wide variation in the backscatter values for major surface
morphological units. Tessera terrain, which are characterized by topographically high (>2 km
altitude), rough and deformed regions have maximum backscatter (-10.1 ± 2.26 dB). On the
other hand, 30% of the Venus surface comprised of low altitude (<1 km) smooth homogeneous
regional plains have minimum radar backscatter (-19.2 ± 1.14 dB) [11].
Venus holds good number of volcanoes compared to other planets in the Solar System. Fresh
volcanoes are topographically high (~4 km) comprised of blocky and rough erupted lava,
leading to enhanced radar backscatter. Whereas, with time the molten magma source ceases,
causing gravitation relaxation of the higher topographic structures leading to formation of the
low lying (<1 km altitude) caldera structures. With gradual weathering the surface topography
and blocky nature decreases resulting reduction in radar backscatter. Magellan data reveals that
backscatter value reduces from fresh (-9.4 ± 3.9 dB) to older (-13.45 ± 3.2 dB) stage of
volcanoes (Fig. 1).
Venus surface has fine coronae structures which generates due to tectonic deformation
related to upwelling of hot mantle material and subsequent cooling. In correspondence with the
upwelling of hot material, the surface layers pushed up, leading to elevated surface. With
subsequent cooling of the hot material, the uplifted surface collapsed resulting the corona
structures. Magellan data exhibits various kinds of corona structures with variable radar
backscatter values from simple concentric coronae (-13.4 ± 3.24 dB) to asymmetric coronae (8.3 ± 2.6 dB) due to increase in surface variability and roughness [12]. Topographic data
reveals variable altitude of these corona structures where simple concentric coronae are situated
comparatively in the lower topographic regions (< 1 km), whereas, asymmetric coronae are
placed in the higher topographic regions (~4 km).
Thus it is evident that, in general the highly deformed, rough, rugged geomorphological
features are mostly situated in the higher elevations causing enhanced radar backscatter values

(~ -9dB). Contrastingly, the regions with comparatively lower backscatter values (~ -13 dB)
are located in the lower elevations with smooth and uniform behaviour.

Fig. 1: Magellan backscatter image of, left: Sapas Mons (volcano) [8°45’22”N,
171°54’52”W]; middle: Volcanic Caldera [23°14’38”S, 160°41’20”W]; right: Degraded
Volcanic Caldera [29°46’14”S, 155°47’39”W]. In Inset, topographic profile (altitude, m) of
the landforms along the profile line (A-B). Due to lack of measurements, sometimes the
calderas are wrongly interpreted as impact craters.
Conclusion: Our results shows significant overlapping in the distribution of radar
backscatter ranges for various Venusian landforms. The limited SAR resolution and
polarizations and lack of high resolution topographic data achieved by previous radar
observations leads to misinterpretation and characterization of the morphological features.
Hence, comprehensive knowledge about the surface and subsurface geological processes
obtained from a suite of microwave instruments comprising polarimetric SAR [13]-[14], Radar
Sounder, Altimeter and Radiometer is necessary for the holistic understanding of the Venusian
geology.
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Campbell, B.A. and Rogers, P.G. (1994), J. Geophys. Res.: Planets 99 (E10), 21153 – 21171;
[3] Carter L. M. et al., (2006), J. Geophys. Res.: Planets 111 (E6), 1991–2012; [4] Ivanov M.
A. and Basilevsky A. T. (1993), GRL 20.23: 2579-2582; [5] Ivanov M. A. and Head J. W.
(2011), PSS, 59, 1559–1600; [6] Phillips, R.J., et al., (1992), J. Geophys. Res. 97, 15923–
15948; [7] Price M. and Suppe J. (1994), Nature, 372, 756–759; [8] Schaber, G.G. et al., (1992),
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Introduction: Venus has a similar size, mass and density to the Earth, but in terms of
tectonism, internal magnetism, atmosphere and climatic history both are different from each
other. Further, most of Venus’ surface is composed of basaltic lava (70–80%). Soviet Venus
landers, Venera and VEGA, derived compositional information of the surface rocks [1-3]. All
about the Venus’ geochemistry is known based on only a few analyses of the basalts at
extensive lowland volcanic plains [4,5]. However, there is no information on the chemical
compositions of Venus’ major shield volcanoes or its highlands.
Data: Venera 13, 14 and Vega 2 collected in-situ chemical analyses (Si, Ti, Al, Fe, Mn,
Mg, Ca, K and S) by XRF on rock powders, while Venera 8, 9, 10 and Vega 1, 2 analyzed K,
Th, and U by gamma-ray spectrometry [6,7]. However, these analyses have substantial
analytical uncertainties, up to 50% by weight (1σ).
Basaltic Plains: The basaltic composition of lowland plains of Venus is more-or-less
similar to the terrestrial mantle, e.g., K/Th, K/U and U/Th ratios and major element chemistry
(Si, Ti, Al, Fe, Mn, Mg, Ca, K) [5-7]. The geochemical data as a whole indicates (i) Venus
underwent similar ‘early’ volatile loss history as Earth; (ii) amount of primitive mantle K
transferred to the crust by partial melting is less than that of the Earth, forming a lesser amount
of granitic crust in Venus; (iii) mantle of Venus became depleted as igneous fractionation
separates Mg, while Fe stays back in the mantle; or the mantle of Venus is more magnesian
than that of the Earth; (iv) similarity in the FeO content with MORB perhaps implies that Venus
formed due to extensive global-scale volcanism, and such high degree of melting would not
allow FeO to become richer in basalt than the mantle.
Shield Volcanoes and Highlands: None of the Venera landers sampled the highland
terrains. Using emission at 1 micron measured by Galileo spacecraft, differences are observed
between highlands and plains, which can be explained by composition [8]. Although
controversial, highly evolved siliceous igneous rocks at the highlands on Venus is postulated
[9,10]. To foster such a high degree of magmatic differentiation and to produce the silicic
composition, perhaps the incorporation of water into the magmatic system is essential in the
early evolutionary history of Venus.
Results and Inferences: Initial result shows that Venera 14 and Vega 2 data is capable
to generate silicic melts by fractional crystallization from the basaltic parent composition. This
will be demonstrated further in details. Study of the possible occurrence of silicic rocks has
substantial implications for understanding the crustal structure of highland terranes and the
basaltic plains, vis-à-vis the internal geochemical structure of Venus. On the backdrop of the
upcoming Venus missions, study of this type is significant in understanding the role of volatiles
in crust and mantle evolution of the Earth’s twin sister.
References: [1] Surkov, Yu. A. et al. (1984). Proc. LPSC 14th, JGR, 89 Suppl., B393B402. [2] Barsukov, V. L. et al. (1986). Geochem. Intl., 23(7), 53-65. [3] Basilevsky, A. T. et

al. (1992). JGR, 97, 16315-16335. [4] Basilevsky, A. T. et al. (2007). PSS 55, 2097–2112. [5]
Treiman, A. H. (2007). Geophysical Monograph Series, p. 250. [6] Kargel, J. et al. (1993).
Icarus, 103, 235-275. [7] Fegley, B., Jr. (2004). 487-507. Treatise on Geochemistry, Vol. 1. [8]
Hashimoto, G. L. and Sugita, S. (2003) JGR, 108, 13-1. [9] Gilmore, M. S. (2007). Venus
Geochemistry. LPI Contribution No. 1470. [10] Shellnutt, J. G. (2013). JGR Planets, 118,
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Contents of abstract: All three recently selected Venus missions include in their payload
instruments focused on the 1 µm region. The NASA VERITAS and ESA EnVision missions
use the Venus Emissivity Mapper (VEM) as a multi-spectral imaging system. Building upon
the successes of the Visible and Infrared Thermal Imaging Spectrometer (VIRTIS) on Venus
Express, VEM is specifically designed for global mapping of the surface in all available
spectral windows. On EnVision, VEM is part of the VenSpec suite as VenSpec-M, joined by a
high-resolution IR spectrometer (VenSpec-H) and an UV spectrometer (VenSpec-U). The data
of the VenSpec suite will provide us unique insights into the coupled surface-atmosphere
system. The DAVINCI mission has a descent imager that will also obtain images of the surface
in the 1 µm region.
VIRTIS data yielded groundbreaking insights into relative emissivity of tesserae and recent
volcanism with just two bands. We now explore how much additional information is contained
in the six possible bands within the spectral windows between 0.86 and 1.18 µm. A dedicated
effort to set up a new Venus high temperature spectroscopy laboratory enables development of
a spectral library to fully support this investigation.
Emissivity set-up at PSL: Interpreting emissivity spectra from the Venus surface requires
laboratory calibration of high-temperature samples. The Planetary Spectroscopy Laboratory
(PSL) of DLR in Berlin now routinely measures emissivity spectra of planetary analogues at
temperatures up to 1000K in a vacuum (0.7 mbar) environment. Initially focusing on the MIR
and TIR for Mars and Mercury mission support, we started almost 10 years ago to fine-tune
our set-up to obtain VNIR emissivity spectra at relevant Venus surface temperatures (400°C,
440°C, and 480°C). Using a very powerful induction heating system, our sample cups were
initially made of stainless steel. Unfortunately, the emissivity of steel is so high in the VNIR
spectral range that the sample cups glowed at those elevated temperatures, exceeding the
emitted energy coming from the sample alone. After trying several materials, we ended with
incapsulating a steel disk (the heater) in a ceramic sample holder. The hot ceramic is opaque in
the VNIR and its emitted radiance is very low (see [2] for PSL details).
VNIR emissivity of rock analogues: At PSL, we have to date measured the emissivity of
almost 100 rock samples under Venus surface conditions. Figure 1 shows that basaltic and
felsic rock types can easily be distinguished with relative emissivity data. With absolute
emissivity at six windows, further distinctions can be made along the igneous differentiation
trend. However, direct emissivity measurements are needed to interpret Venus surface data,

because significant errors can arise from using bi-directional reflectance measurements (as
shown in Figure 2 for 2 slabs in the MIR spectral range).

Fig. 1. Emissivity data down-sampled to VEM filters.

Fig. 2. Emissivity vs Bi-directional and Hemispherical reflectance for the same 2 slab
samples.
Surface mapping with VEM: This recent laboratory data show that emissivity
measurements through windows observed with high SNR can leverage information from
spectral slopes between bands and band ratios. For VEM’s six bands, there are 15 possible
combinations of each, adding 30 different values for interpretation. Our analyses show that
basaltic and felsic rock types can easily be distinguished with relative emissivity data. With
absolute emissivity at six windows, further distinctions can be made along the igneous
differentiation trend.

References: . [2] Helbert J. et al. (2020) Sci. Adv., 7, 3.
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Although Oxygen green line (557.7 nm) emission was detected by Keck telescope, the oxygen
green and red line (630.0 nm) emissions remain hitherto undetected from an orbiter around
Venus. Systematic monitoring of these line emissions from an orbiter can provide important
clues needed to understand several unresolved science issues. These include not only the
understanding of the spatio-temporal variations in Oxygen green (557.7 nm) and red (630.0
nm) line emission intensities in a CO2 rich atmosphere but also the possible processes that
sustain the nightside ionosphere of Venus. In addition, simultaneous airglow observations on
the night as well as on the dayside has the potential to throw light on the response and global
adjustment of the Venusian upper atmosphere during arrivals of coronal mass ejections (CME),
co-rotating interaction region (CIR) structures and solar energetic particles as well as during
occurrence of solar flares. Therefore, observations from the proposed NAVA (Narrow band
oxygen Airglow detection in Venusian Atmosphere) experiment in a future Venus mission can
provide important inputs towards building a comprehensive understanding of Venusian
atmosphere-ionosphere system under varying space weather conditions.
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The existence of Venusian lightning has been a hotly debated topic for the past 50 years, mainly
because of the lack of optical evidence and varied interpretations of detections in the
electromagnetic domain [1,2,3]. The results from the Venus Express magnetometer gave
convincing evidence that lightning exists via the detection of field-aligned low-frequency
whistler waves [4]. However, these results were challenged by studies that indicated that
sufficient charge could not be generated in the Venusian atmosphere to produce fields
exceeding the breakdown field and initiate lightning [5]. One of the significant drawbacks of
this study is that it only considers Galactic Cosmic Ray (GCR) induced ionization as the
primary mechanism for cloud particle charging and neglects charging due to one of the most
fundamental charging processes: Triboelectrification.
It is not easy to quantify how much charge is transferred due to various cloud particle collisions,
and experimental studies in Venus cloud conditions are required to comment on anything
conclusive. In this work, we work the problem in reverse and determine how much charge is
needed to initiate lightning in Venusian clouds and the thunderstorms' size using various
spacecraft observations and theoretical estimates. We find that the charge required and size of
thunderstorms to initiate lightning on Venus and Earth are very similar, another point to add to
the growing list of similarities of the two worlds [6]. We comment on how the estimated charge
could be produced by triboelectrification by a comparative study with Earth.
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Introduction: The primary sulfur species in Venus' atmosphere, sulfur dioxide (SO2), is a
precursor for the sulfuric acid that condenses to form Venus’ global cloud layers and may be a
precursor for the unidentified UV absorber(s), which, along with CO2 in the upper cloud,
appears to be responsible for absorbing about half of the solar energy deposited in Venus’
atmosphere [1]. Published simulations using standard photochemistry [2] indicate the mixing
ratio of SO2 should decrease roughly monotonically with increasing altitude as the source for
SO2 is the troposphere, although a small inversion is evident in one set of simulations [2].
Observations, however, despite disagreeing on the magnitude of the phenomenon, have
consistently found an inversion layer in the upper mesosphere (above about 85 km altitude)
where the mixing ratio of SO2 increases with increasing altitude [3,4,5,6]. Transport of sulfur
from the lower mesosphere to the upper mesosphere may occur via S8 [7,8]. In addition,
polysulfur (Sn) and SO dimers (SO)2 have been proposed as candidate UV absorber(s) [9,10].
This suggests these two phenomena may be connected. However, there are significant
uncertainties in sulfur chemistry due to lack of laboratory data [7], and other species, such as
SnO and ClxSy, may be important [11,12].
Results: Simulations using the Caltech/JPL photochemical model [13] suggest gas-phase
abundances of (SO)2 are too small to contribute significantly to UV absorption, but reactions
of (SO)2 may provide important pathways to produce (SnO) and S8 [11]. Simulations
incorporating gas-phase ClSO2 and SO2Cl2 suggest they may provide a way to transport sulfur
to the upper mesosphere [14]. Sensitivity tests suggest Sn production is most sensitivity to the
rates of sulfur association reactions that increase n in Sn and less sensitive to the rates of
chlorosulfane reactions. Together, these results suggest laboratory and observational study of
Sn and sulfur association reactions may be key to progress in understanding both the upper
mesosphere SO2 inversion and the enigmatic UV absorption in the upper cloud.
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Astrobiology Exploration of Venus
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Venus has been generally absent in the recent discussion about search for life in the solar
system. Recent investigations suggest that Venus may have been habitable for most of its
history and became inhabitable on the surface in the last billion or so years as the climate
warmed up. Thus the possibility of life originating when Venus had liquid water on the
surface cannot be ignored. The global cloud cover on present day Venus has habitable
conditions for life as we know it and shows contrasts on both the day (uv-visible) and night
(near infrared) hemispheres. However, the origin of these contrasts is still a mystery and
multiple absorbers that absorb sunlight and have different opacities in near infrared may be
responsible. Limaye et al. [1] proposed that microorganisms could be contributing to the
observed cloud contrasts whose nature, identity and origins are still unknown. Migrating
from the surface to the clouds as the conditions became inhospitable, microorganisms could
have evolved into polyextremophiles and adapted to the cloud conditions of low water
activity and acidic composition to use the available nutrients and energy.
Much is unknown about the clouds on Venus and the global distribution of trace constituents
in the atmosphere which may support life. The Venus cloud layer has been shown to present
a potential survivable niche for microorganisms [2]. Mogul et al. [3] show the potential for
phototrophy in the Venus clouds. Essential ingredients for life (C, H, N, O, P and S) are present
in the Venus atmosphere and other elements are likely present given the general similarities
with Earth. Milojevic et al. [4] discuss the bioavailability of phosphorous in the Venus
atmosphere. Trace gases such as NH3 [5], CH4 [6] and PH3 [7, 8] have been reported in the
Venus atmosphere, but await confirmation. These gases are not expected in the Venus
atmosphere [9, 10] under chemical equilibrium conditions, which may not be the case in certain
portions of the atmosphere [8, 11]. Recent investigations indicate that the water activity may
have been underestimated [12, 13] as the likely presence of impurities or contaminants can
lower the acidity of the aerosols [3, 14] for survival of earth-like microorganisms.
We can learn more about the absorbers and causes of night side opacity variations only with
comprehensive observations of the cloud cover on Venus with an astrobiology perspective.
Astrobiology goals for Venus [15] are aligned very well with the guidance from the Venus
Exploration Analysis Group regarding exploration goals, objectives and investigations [16].
Missions under development for launch by 2031 will obtain measurements that will provide
some new information about possible presence of water in the ancient past from radar mapping
(ISRO Venus orbiter, VERITAS and EnVision) and more information about the clouds and
atmospheric composition from entry probes (Rocketlab, DAVINCI). Other new missions with
an astrobiology component are needed for measurements that will go a long way towards
solving the mysteries that Venus presents and help us better assess the habitability of
exoplanets and their atmospheres.
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Modeling of Observations of the OH Nightglow in the Venusian Mesosphere
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Contents of abstract: Venus airglow emissions have been unambiguously detected in the
wavelength ranges of 1.40−1.49 and 2.6−3.14 μm in limb observations by the Visible and
Infrared Thermal Imaging Spectrometer (VIRTIS) onboard the Venus Express (VEx)
spacecraft and are attributed to the OH(2−0) and OH(1−0) Meinel band transitions. The
integrated (limb slant path) emission rates for these bands were measured by [1].
Photochemical (Caltech/JPL KINETICS) and global circulation (Venus Thermospheric
General Circulation Model - VTGCM) model calculations suggest the observed OH emission
is produced primarily via the Bates-Nicolet mechanism, as on the Earth, although Venus’
background atmosphere is different than that of the Earth, but the modeled contribution of the
HO2 + O → OH(v) + O2 reaction increases in the lower portion of the OH airglow layer. An
overall difference of ~2 km in the peak heights of the OH(1-0) and OH(2-0) layers is seen in
both the KINETICS and VTGCM simulations as a result of this change in the relative
importance of H + O3 → OH(v) + O2 versus HO2 + O → OH(v) + O2 reactions with altitude.
First time 3-D simulations of the OH Δv = 1 nightglow limb slant emission calculate a peak
intensity of ~0.6±0.3 MR at ~102 km altitude, an intensity that is consistent with Venus Express

VIRTIS observations and analyses ([1], [2], [3], [4]) as well as KINETICS results ([5]). It has
been reported ([3]) the intensity of the peak OH airglow increased from 0.30 to 0.40 MR from
dusk to dawn but noted the observations used are not uniformly distributed and the observed
emission is extremely variable, so a more detailed assessment of the observations was not
possible. Our simulations show a decrease in the average OH(1-0) emission is symmetric about
the midnight meridian, but the simulations find an asymmetric decrease from the equator to the
poles. Consideration of transport and chemical lifetimes suggests modeling of OH above ~ 96
km requires explicit description of transport and vibrational-state-dependent chemistry. The
VTGCM simulations also find the morphology of the OH(2-0) airglow emission are similar to
the O2(1∆g) nightglow but distinctly different from the OH Δv=1 nightglow. This situation
arises because the OH(2-0) and O2(1∆g) nightglows are produced at similar, lower altitudes and
are directly controlled by O concentrations while the OH Δv = 1 nightglow is produced at
higher altitudes and is only indirectly controlled by O since the OH Δv = 1 nightglow is
overwhelmingly produced from H + O3 → OH(v) + O2.
A
B

C

Figure 1. Panel (a) Latitudinal distributions of the OH limb intensity in MegaRayleighs (MR)
observed with the VIRTIS-M multispectral imager: a2 - Orbit 733, b2 - orbit 499, c2 orbit 600,
and d2 orbit 321. Reproduced figure and caption from [2]; panel (b) VTGCM 2-D plot of the
OH(1-0) at LT = 24 ; (panel c) VTGCM 2-D plot of the OH(1-0) along the equatorial latitude

(LAT = 2.5N). Contour lines are in MR and thin green lines marks the location of the maximum
intensity.

VTGCM Simulation Summary and Statistics for Peak Brightness
Groups
n
Mean (in
Std.
Standard
Altitude
MR)
Deviation
Error
(km)
Figure 5 Panel a
5
0.66
0.31
0.14
101-103
EOM
Figure 5 Panel a
5
0.64
0.32
0.15
101-103
WOM
Figure 6 panel a
3
0.73
0.28
0.16
100-102
North
Figure 6 panel a
3
0.42
0.32
0.18
100-102
South
Table 1. VTGCM simulation summary and statistics of peak values of total vibrational OH(10) nightglow from Figures 5 and 6, panel (a) in [5]. EOM = East of (and including) Midnight,
WOM = West of (and including) Midnight. n is the number of data elements in the given
statistic.
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Lightning on Venus confirmed by low-altitude whistler-mode waves
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Lightning produces extremely low
frequency (ELF) radio waves, known as
whistler-mode waves, that tend to
propagate along magnetic field lines to
higher altitudes in the ionosphere [1].
The dual fluxgate magnetometer
onboard Venus Express (VEX) was
able to detect ELF signals up to 64 Hz
[2]. From 2006 through 2014, Venus
Express regularly observed lightninggenerated whistler-mode waves in the
ionosphere of Venus at low altitudes. In
that time, there were ~17 cumulative
hours of whistler-mode observations. In
several cases there was continuous
activity for over one minute, implying a
connection to an electrical storm below
(Fig. 1). Most signals were observed
when the spacecraft was within 200 300 km altitude, at a rate of ~7%.
Figure 1. Spectra of coherence, ellipticity, propagation angle,
The median Poynting flux of the signals transverse and compressional powers, highlighting the criteria
was 1.4 x 10-9 W/m-2 and the peak used to classify whistler-mode waves in this study. The white
values occurred at low altitudes, contour is the outline of the waves. The black line is the
magnetic field strength with nT on the same scale as Hz.
suggesting a lightning source from
below. Whistlers-mode waves may propagate significant distances in the ionosphere before
detection, so the observation region may be 1000’s of kilometers from the source. Therefore,
it must be emphasized that these observations alone do not tell us where the lightning itself is
occurring. If a typical wave propagates between 30º - 60º around the planet from its source,
then we calculate a global flash rate to be 320 s-1 - 1200 s-1.
Pioneer Venus (PVO) was able to detect the electric component of lightning-generated waves
at 100 and 700 Hz on the nightside and at lower latitudes in contrast to the North polar
observations of VEX [3]. The improved capability of VEX over PVO has greatly increased our
knowledge of Venus lightning, however, the study would be greatly improved with global
observations at ~250 km altitude, where the majority of whistlers-mode waves were detected.
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Introduction. Scientists have been speculating on Venus as a habitable world for over half a
century (e.g. [1]), based on the Earth-like temperature and pressure in Venus’ clouds at 48-60
km above the surface. The hypothesis that Venusian clouds may be inhabited by an aerial
biosphere was recently bolstered by a tentative detection of the potential biosignature gas
phosphine in the atmosphere of Venus [2,3]. Phosphine, however, is not the only anomaly that
suggests very unusual chemical processes in the clouds. The presence of such chemical
anomalies came to the forefront thanks to the
recent efforts to re-analyze and re-interpret the
legacy data collected by both the Pioneer
Venus and Venera probes [4].
New Interpretation of the Venusian Cloud
Anomalies. Many chemical anomalies
observed by both Venera and the Pioneer
Venus have been dismissed as artefactual on
the grounds that models do not explain them;
we argue for a new interpretation, focusing on Figure 1. Venus atmosphere anomalies and their possible
association with life. Our new model [6], based on the work
the model and not the data. We present a new of Rimmer et al [5], proposes an explanation for the
transformative hypothesis for the chemistry of anomalous measurements shown in green squares.
the clouds of Venus, that builds on previous
work by Rimmer et al. [5]. Our model predicts that the clouds are not entirely made of sulfuric
acid, but of ammonium salt slurries, which may be the result of biological production of
ammonia in cloud droplets. As a result, a subset of cloud particles vare no more acidic than
some terrestrial environments that harbor life. Our model explains many decades-long
anomalies (Figure 1) including the observed SO2 and H2O vertical abundance profiles and the
presence of O2 in the atmospheric cloud layers. Furthermore, the model’s predictions for the
abundance of gases in Venus’ atmosphere matches observation better than any previous model
and are readily testable [6].
Critical Future Measurements: An in situ Venus probe can support or refute our proposed
view of Venus as an inhabited planet with the following measurements.
Gases:
 Establish the co-existence of NH3 and O2 in the cloud layers.



Determine the specific altitude-dependent abundance profiles of H2O, SO2, and H2S.

Cloud particles:
 Confirm the non-spherical, semi-solid nature of Mode 3 cloud particles and identify
them as ammonia salts.
 Measure the pH of cloud particles, especially the Mode 3 cloud particles.
Search for life:
 Analyze a large number of individual cloud particles, especially Mode 3, for
morphological and chemical signs of life.
Conclusions: We conclude with a call for more data from the legacy dataset. Regardless of
whether our particular model is right, it is clear that there are a lot of unknowns about Venus.
New missions to Venus will add data to resolve some of the lingering questions. Even so, we
believe that if legacy data were made available, particularly data from the Russian Venera and
Vega missions, this data could support or refute current models and predictions, and would
provide needed context for future mission plans.
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Venus's Atmosphere: Some New Results, Open Questions and Possible Observing
Strategies
Eliot F. Young
Southwest Research Institute, Boulder, US
The two most recent spacecraft missions to Venus, Venus Express and Akatsuki, shared a key
mission goal: to understand the drivers of Venus's super-rotating atmosphere. As often
happens, both missions also observed new phenomena that lead to a new set of open questions.
A very non-exhaustive list of noteworthy observations includes (a) the rapid variability of SO2
above Venus's cloud tops, (b) airglow emission between altitudes of ~95 - 115 km from several
species, (c) stationary features - associated with mountain waves launched from the surface observed in 10 μm images, (d) evidence for plantary scale waves, derived from a frequency
analysis of 10 μm images, and (e) sharp, long-lived cloud discontinuities in Venus's middle
and lower cloud decks.
We touch on these observations: how they were made, their significance, and possible
synergies with GCMs. We also discuss prospects for continuing observations in the context of
recently selected NASA missions.

The IPSL Venus GCM and associated Venus Climate Database
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For fifteen years, a Global Climate Model (GCM) has been developed for the Venus
atmosphere at Institut Pierre-Simon Laplace (IPSL), in collaboration between LMD and
LATMOS, from the surface up to 150 km altitude, with a recent extension up to the exobase
(roughly 250 km) [1-3]. This IPSL Venus GCM includes all relevant processes in the
thermosphere, full radiative transfer with non-LTE processes, Net-Exchange Rate matrix for
infrared below 100 km, solar heating rates based on the Haus et al (2016) model [4], both
including the latitude-dependant cloud structure, and subgrid-scale processes such as
convection and small-scale gravity wave parameterization. Photochemistry is also included,
that allows a full description of the atmospheric composition.
This model has been used for analyses of many atmospheric processes and compared to
available observations, to increase our understanding of the atmospheric system [5-6]. Several
examples will be shown, concerning different atmospheric regions, from the deep near-surface
temperature structure to the dynamics of the thermosphere.
The Venus Climate Database (VCD) is based on the most recent outputs of the IPSL Venus
GCM. Several tunings have been performed to fit observations as closely as possible. This tool,
in the footsteps and spirit of its Martian equivalent, the Mars Climate Database (MCD) [7], is
intended to be useful for engineers and scientists wanting to compare with their models, analyze
observations or plan future missions. This project is funded by the European Space Agency, in
the frame of preliminary studies for the EnVision mission to Venus.
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Venus is completely enveloped by a layers of cloud and haze [1]. These layers are central
to many questions of chemistry, dynamics, and radiative balance. They encompass
environments which are arguably the most benign in the solar system, with 20°C temperatures,
0.5 bar pressures, and abundant sunlight, although an assessment of its habitability must also
take into account the high acidity and low water availability associated with the cloud droplets.
The composition of the clouds is surprisingly poorly constrained; although the main constituent
is likely to be sulphuric acid mixed with water, there are several lines of evidence suggesting
further minority constituents, of as yet unknown composition. These could evidence
photochemical, volcanic, aeolian, or even biological processes.
In this presentation I will give an overview about the clouds of Venus, in particular as
revealed by the Venus Express mission in 2006 – 2014. Detailed characterization of the cloudlevel atmospheric processes will require a balloon platform, but there are a number of further
investigations which could be usefully carried out from future orbiters or simple descent
probes; these will be discussed.
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Importance of observations at small phase angles for retrieving the optical properties
of Venus clouds (based on the VMC/VEx data analysis)
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Glory analysis: During 2006–2014 the Venus Monitoring Camera (VMC) onboard the
Venus Express spacecraft was imaging the Venus clouds in four narrow spectral channels
( = 0.365, 0.513, 0.965, and 1.01µm), which resulted in ~350 000 images covering almost all
the latitudes. In all images taken at small phase angles, the optical phenomenon of glory is
observed, which became of key importance for the phase function analysis of the Venus upper
clouds composed of H2SO4 droplets (Fig.1a). The angular position of glory features is
determined by the size of particles (the size distribution should be narrow), while the brightness
enhancement at opposition is sensitive to their refractive index (Figs.1b–1d). The radius R and
the real refractive index mr of cloud particles and their spatial and temporal variations were
obtained by fitting the measured phase profiles with the radiative-transfer models [1–3]. The
analysis suggests that an additional component with a high refractive index, like sulfur or ferric
chloride (candidates for the yet unknown UV absorber), should be present in the droplets
serving as condensation nuclei for sulfuric acid.
Contrasts: Observations of glory were used to study the UV contrast appearance
(20 – 30%) that is partly caused by SO2 and partly by the unknown UV absorber [4–6]. It was
found, e.g., that variations in the composition of submicron particles, composing the clouds
together with the 1-µm mode, play a key role in the UV contrasts observed at low latitudes near
the local noon [4]. The properties of composite H2SO4 particles with embedded or stuck
impurity grains to produce the glory feature make it possible to exclude sulfur from the UVabsorber candidates, since it is not wetted by H2SO4 [7].
The experience gained in retrieving the properties of cloud particles from the VMC glory
analysis could be taken into account when planning observations with Shukrayaan-1.

Figure 1: Venus glory as observed by VMC: Examples of a false-color composite image (a);
the single-scattering phase functions of droplets for VMC wavelengths (b); the observed glory
profiles (c); and the normalized measured values of near-IR brightness as a function of the
phase angle are compared to the models (lines) with different mr (d).
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distributions of the unknown absorber
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Contents of abstract: Venus appears bright with reflected solar light due to its 100% cloud
coverage. We analyzed such data as disk-integrated reflectivity to investigate Venus’ clouds.
Through our analysis of light modulations at ultraviolet and near-infrared wavelengths we
probed dynamical variability of the atmosphere of Venus [1]. We calculated phase curves at
ultraviolet wavelengths. Our analysis showed that the unknown absorber must be present right
below the cloud top level within one scale height depth of the clouds [2]. The knowledge we
gain from the Venus data analysis can help to diagnose the variability of Venusian atmosphere
[3], to retrieve trace gaseous abundances using ultraviolet wavelength data [4], and to update
solar heating rate calculations [5].
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Contents of abstract: Radio occultation observations of the Venusian atmosphere in
JAXA's Akatsuki mission have provided information on the vertical structure of the
atmosphere over broad latitude, longitude and local time regions [1,2]. The measured quantities
are the atmospheric pressure, temperature, sulfuric acid vapor mixing ratio and electron
density. Though the long orbital period around Venus limits the number of observation
opportunities, the low and middle latitude regions are well covered thanks to the nearequatorial orbit. The downlink signals are received at the Usuda Deep Space Center in Japan,
the IDSN station of ISRO, India, and the Weilheim station in Germany. The studies conducted
so far include: thermal tides [3], small-scale structures revealed by radio holographic analysis
[4], meridional distribution of the static stability [5], gravity waves [6], ionospheric structure,
and solar corona. The achievements and the ongoing studies will be reviewed.
References: [1] Imamura T. et al. (2011) Earth Planets Space, 63, 493–501. [2] Imamura
T. et al. (2017) Earth Planet Space 69, 137. [3] Ando H. et al. (2018) J. Geophys. Res., 123,
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Do we understand the ionospheres of Venus and Mars?
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Abstract
In the present paper we report that Mars and Venus should have three steep ionopause
like boundaries (1) low, (2) mid and (3) high ionopauses at altitude range 300-400 km, 600700 km and 1000-1200 km respectively. These measurements demand a source mechanism to
understand the physical, chemical and dynamical processes in the upper ionosphere of Venus
and Mars. In the past we have developed an ion-neutral model1, which calculated the chemistry
of ions of masses up to 50 amu. This model is extended now for masses up to ~ 100 amu. In
support of our theoretical predictions ion mass spectra observed by Neutral Gas and Ion Mass
Spectrometer (NGIMS)2 on board MAVEN will be discussed. It has been found that topside
ionospheres of Venus and Mars are magnetically controlled inside the magnetic pile-up
boundary. We propose that a precise intensity of horizontal magnetic field can form the
ionopause like structures in the upper ionosphere of these planets during the daytime.
PRL is developing a Venus Neutral and Ion Mass Spectrometer (VENIMA)3 for
planetary exploration. Preliminary laboratory results of this instrument from ~ 2 to 50 amu will
also be presented in this meeting. It is expected that VENIMA can measure neutral/ion masses
up to ~ 200 amu in future. The objective of this payload is to study the density and the
ionopause features in the upper atmospheres, ionospheres and exosphere of the planets due to
solar EUV and particle interactions in solar cycle 25, which is expected to occur between 2023
and 2028 with sunspot of ~ 100-130. These radiations are continuously emitting from the sun
and have different response characteristics to the atmospheres of Venus and Mars. This
instrument measures neutral and ions in two different modes at about 2-5 min. interval.
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Active radio probing of the Venusian ionosphere
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Venus is currently a major focus of the solar system exploration with several spacecraft
missions have been planned to visit the planet by the end of this decade. Studies based on data
from previous missions to Venus, such as the Pioneer Venus Orbiter and Venus Express, have
established the basic understanding of the Venusian ionosphere. A detailed picture of the
Venusian topside ionosphere, however, is yet to emerge. Active probing of a planet’s
ionosphere by a topside radar sounder is a potential technique that has been successfully used
to study the Earth’s and Martian ionospheres by previous spacecraft missions. In this talk, the
technique of the topside radar sounder for probing a planet’s ionosphere will be presented. In
addition, optimization of the topside radar sounder technique for the Venusian ionosphere and
its possible science enhancements will be discussed.
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Abstract: The source of the V1 layer of the Venus ionosphere is as enigmatic as its very
existence itself. The existence of the V1 layer in the Venus ionosphere was first reported during
the PVO era and was surmised to be caused by soft X-ray emissions [1]. A detailed study on
its characteristic was made later using radio occultation experiment (VeRA) onboard Venus
Express. We now know that it exists at about 125 km altitude, and has a varying shape and
features depending upon the solar activity conditions [2]. A characteristic feature of this layer
as well as consensus on its source, however, is yet to emerge mostly because of the lack of
observation opportunities and theoretical studies. In this context, radio occultation
measurements of the Venus ionosphere using Akatsuki Radio Science experiments assume
significance as these not only add to the database but also give measurements from the low
latitude regions which have remained least explored during previous missions due to satellite
trajectory [3].
In this paper, we have studied the characteristic features of the V1 layer using radio
occultation measurements done using Venus Express and Akatsuki missions [3]. Akatsuki
provided some thirty profiles since 2016, while about a hundred profiles are available from the
Venus express mission. In our analysis, we considered only those profiles which were for the
sunlit side of Venus with the solar zenith angle less than 85 degree. We got several profiles
from the low latitude regions of the Venus ionosphere showing interesting features of the V1
layer. Distinct V1 layers were not visible in many cases; in some profiles they appeared as a
ledge while there were a few examples when a very distinct peak was also visible. The origin
for such features has been explored using an in-house developed one-dimensional
photochemical model for the Venusian ionosphere (1DPCM) [4]. Though both the peak V1
layer height and density get neatly reproduced in the model, in most of the cases we note that
the model V1 layer appears only as a shoulder. A detailed comparison of the model and Venus
Express and Akatsuki derived altitude profiles of the Venus ionosphere under varying solar
conditions would be provided and reasons for the occurrence of V1 layers of varying
characteristics would be discussed.
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The interaction between Sun and plasma environments of planets mainly depends on the solar
wind, planetary magnetic field and the planetary upper atmosphere. Venus is a perfect
candidate for displaying the impact of space weather events to an unmagnetized, almost Earthsized planet with a significant atmosphere. Due to the lack of an intrinsic magnetic field, the
ionosphere of Venus directly interacts with the incoming solar wind. In June 2012, a Coronal
Mass Ejection was observed near Venus. We will present the observations of its impact on
Venus using the data from the plasma and magnetic field measurements onboard the Venus
Express (VEX) mission. The interaction between the incoming solar wind and planetary plasma
environment induces changes in the plasma boundaries at Venus, as well as energizes the
plasma. These observations have implications on the ion escape rates from the Venusian
plasma environment.
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Abstract: Venus has intrigued planetary scientists since the start of the space-era in 1960s.
While Venus is nicknamed “Earth’s twin”, Venus has huge differences from the Earth. The
space environment is significantly different, mainly because of the absence of an intrinsic
magnetic field. The Venusian magnetosphere is formed by electric current in the ionosphere
induced by the interaction with the solar wind (therefore, we call it an induced magnetosphere). Various signatures have been measured by Venera and Mariner series in the 60s and
70s, and basic signatures of the space environment near Venus were revealed. Pioneer Venus
Orbiter was launched in 1978 providing a huge dataset of the Venus environment, and our
knowledges about the ionosphere and the far-tail were enhanced. In 2006, ESA's first Venus
probe, Venus Express (VEX), was inserted into orbit. VEX made unique measurements in the
near-Venus tail for >8 years until VEX consumed all its fuels. VEX was equipped with plasma
instrument package, Analyser of Space Plasma and EneRgetic Atoms (ASPERA-4). ASPERA4 has provided a huge amount of discoveries about the near-Venus space environment. In this
presentation, we will review the findings of ASPERA-4 (Figure 1).

Figure 1: New finding in the near-Venus space environment by VEX/ASPERA-4 together with
MAG. The figure is adopted from [1], where a comprehensive review of VEX findings is found.
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Contents of abstract: We present results of three-dimensional compressible
magnetohydrodynamic (MHD) simulations of the interactions between stellar wind and planets
with different magnetospheric strengths, using the Star-Planet Interaction Module (CESSISPIM) developed at CESSI, IISER Kolkata. A gravitationally stratified planetary atmosphere
is considered which is in hydrostatic equilibrium with the ambient medium, while the stellar
wind follows magnetized shock conditions. The module is benchmarked using the observations
from specific spacecraft orbits of Mars Global Surveyor (MGS) and Mars Atmosphere and
Volatile EvolutioN (MAVEN) missions.
The magnetopause stand-off distance is found to be the greatest for a strong intrinsic
magnetosphere and the least for an imposed magnetosphere, implying that the stellar wind
penetration is the maximum for a non-magnetized planet, resulting in higher atmospheric loss.
This indicates that although the imposed magnetosphere protects the planetary atmosphere
from the stellar wind, its level of shielding is not as effective as that of intrinsic magnetosphere.
The study is important from the perspective of habitability in solar system planets such as
Venus and Mars, as well as for exoplanetary systems.
References:
[1] Basak A. and Nandy D. (2021) MNRAS 502,3569-3581.

Interplanetary dust flux at Venus and its effect on atmosphere
Jayesh Pabari* and S. Nambiar
Physical Research Laboratory,
Navrangpura, Ahmedabad - 380009, India
*Corresponding Author E-mail: jayesh@prl.res.in

The solar system is immersed in Interplanetary Dust Particles (IDPs), originated from the
Asteroid belt, Kuiper belt as well as cometary sources. On their way, particles’ orbits are
affected by Poynting-Robertson drag, resonance effects between planets, gravitational pull and
mutual collisions [1]. If the PR drag dominates, the number density of particles is inversely
proportional to orbital radius [2] and the resonances can also be filled [3]. Bigger particles (>
0.1 µm) travel inward in the solar system, while the smaller particles are swept out. Inward
travelling particles may be captured by various planets on their ways, and if not captured, they
continue travelling toward Sun. Expected contribution from comets is higher towards Venus
compared to Asteroid particles.
Recently, Carrillo-Sanchez et al. [4] have reported the cosmic dust fluxes in the atmosphere
of Venus. As far as the dust influx at Earth is concerned, Grün et al. [5] have provided a
cumulative particle flux model based on lunar crater size distribution and measurement from
the Pegasus spacecraft. The scaled Grun model for the IDP flux at Venus may be used for the
analysis. Further, Borin et al. [6] have reported an estimate of dust flux at Venus as 1.23 times
higher than that for Earth. Thus, there are limited measurements of dust particles near Venus,
from the past works.
Particles entering Venus atmosphere leads to an increase in atmospheric conductivity due
to ablation process in atmosphere. The ablation of dust gives rise to a meteoroid ion layer in
electron density profile in the lower ionosphere. In the present work, available data sets for the
IDP flux and the effect of IDP on atmosphere due to ablation in terms of metal ion layer are
discussed. The results can provide enhanced understanding of ion layers for Venus.
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Abstract: The ionized components of the planetary atmospheres usually prevail near the
top of the atmosphere and, with the inherent magnetic field of the planet, facilitate interaction
of the atmosphere with solar wind. However, in absence of planetary magnetic field, the
ionosphere interacts electrodynamically with the solar wind leading to changes in the
energetics and dynamics of the planetary atmosphere ionosphere system. As is known, Earth
has an intrinsic magnetic field while Venus is known to be devoid of it. As a consequence, the
Venusian ionosphere while acts as the first barrier to the incoming solar wind plasma and the
advecting interplanetary magnetic field (IMF), leads to the generation of an induced current.
This current, in turn, leads to the generation of an induced magnetosphere [1]. The presence of
this magnetosphere has been inferred through the measurements of solar wind plasma
energy/velocity. On the whole, the interaction between the Venusian ionospheric plasma and
the IMF creates a pseudo-magnetosphere that deflects the shocked solar wind plasma around
Venus. This deflection leads to a kind of draping of the magnetic field lines around the planet
forming the so-called magnetic barrier [2]. However, the exact nature of this barrier, its extent,
the depth of solar wind interaction into the ionosphere through it, and the modes and
mechanism of the transfer of energy and momentum are some of the very important aspects of
Venusian ionosphere that needs to comprehended properly.
In view of the above, study of the evolution of Venusian ionosphere during varying space
weather conditions becomes essential to understand the processes comprising the interaction
of atmosphere/ionosphere of an unmagnified planetary body with the space weather forcings.
This aspect is comparatively poorly understood as compared to Earth. In this context, the
present study explores the impact of a few space weather transients on the spatio temporal
evolution of the Venusian ionosphere using the Venus Express (VEX) measurements. The
impact of changes in the solar wind and the interplanetary magnetic field magnitude and
orientation on Venusian ionosphere has been examined on case study basis. The results of this
study concerning the ionopause, bow shock location and the altered ionospheric composition
will be presented and discussed.
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Abstract: The high mass makes Venus an attractive body for gravity assists for missions
targeting both the inner solar system and outer planets. Galileo performed the first gravity assist
at Venus in 1989 followed by Cassini (2 flybys, 1998-1999) MESSENGER (2 fly-bys, 2006,
2007), Parker Solar Probe (7 flybys, 2018-2024), Solar Orbiter (8 flybys, 2020-2030),
BepiColombo (2 flybys, 2020 and 2021). Vega-1 and 2 flew by Venus in 1985 to deliver
atmospheric probes. JUICE will employ a Venus gravity assist targeting Jupiter. During these
flybys scientific payloads normally operate in science modes collecting very valuable data, in
particular, for understanding the solar wind-Venus interaction. While data collected during
flybys presenting instantaneous “snapshots” of the near – Venus space cannot be used for
statistical studies, the flyby trajectories frequently allow sampling of regions and domains not
accessible or only very sparsely sampled from orbital missions.
BepiColombo performed gravity assists
at Venus twice, on 15 October, 2020 and
10 August 2021 (closest approach at
13:51:54 UTC). The second flyby was the
most interesting one for studies of the solar
wind – Venus interaction. The spacecraft
entered the induced magnetosphere
(average position) at the solar zenith angle
(SZA) around 66° and exited to the
Fig. 1. The BepiColombo flyby trajectory on August 11
magnetosheath at a SZA of 35° sampling
superimposed on the map of the Venus Express observations,
the number of science data packets collected by the Ion
the subsolar region down to 5° SZA. This
Mass Analyzer (IMA) in each 250km x 250km special bin.
The blue dotted lines show the modeled positions of the bow
trajectory (Figure 1) allowed observations
shock (farther from the planet) and induced magnetosphere
in the region never visited by previous
boundary (nearer to the planet). The plot is in cylindrical
coordinates: the X axis points to the Sun (the Sun is on the
missions equipped with the proper plasma
left), the Y axis is the distance to the X-axis
instrumentation (Venus Express). The
subsolar magnetosheath at the “stagnation point” of the subsonic high temperature plasma is
the key region for understanding dynamics of the whole magnetosheath. This is also the region
where the energy, matter, and moment transfer from the solar wind to the Venusian upper
atmosphere / ionosphere is the most intense.
In this report we present the recent observation of the magnetospheath plasma from the
BepiColombo flyby of Venus on 10 August 2021 performed by an ion sensor developed at IRF
in collaboration with INAF. We also compare these observations with previous measurements

onboard Venus Express performed by the IRF plasma package ASPERA-4 (Analyzer of Space
Plasma and Energetic Neutral Atoms) in the nearby regions.

Interplanetary dust inside 1 AU and in the vicinity of Venus
Ingrid Mann1
1
Department of Physics and Technology, UiT, Arctic University of Norway, Tromsø,
Norway Postboks 6050 Langnes, 9037 Tromsø, Norway
E-mail: ingrid.b.mann@gmail.com

Contents of abstract:
The dust near Venus is strongly influenced by the dust cloud near the Sun [1]. Interplanetary
dust particles originate from asteroids and comets and orbit Sun in bound orbits. In addition
dust from the interstellar medium streams into the solar system. The Poynting-Robertson effect
decelerates dust in bound orbits. The dust particles move toward the Sun; where most of them
experience at least one catastrophic collision. The smaller fragment particles are pushed away
from the Sun by the radiation pressure force that becomes more important with decreasing size
of the particles. This implies that the interplanetary dust cloud near Venus includes large dust
in bound orbits and smaller dust that comes from the direction of the Sun. In addition to the
repelling radiation pressure from the Sun, the small, charged particles are affected by Lorentz
force in the solar magnetic field [2]. The dust ejection competes with dust destruction near the
Sun which varies with solar wind conditions [3]. A local source of dust particles that is limited
in time are the near-Sun comets, «Sunskirters» that pass the Sun within half of Mercury’s
perihelion distance, and sungrazers that reach perihelion within the fluid Roche limit [4]. The
dust from comets remains in the vicinity of the Sun only for short time [1,5] before it is ejected
outward [5,6]. This overall picture will be discussed in view of the recent observations with
NASA’s Parker Solar Probe [7,8,9] and ESA’s Solar Orbiter [10].

Figure:
A large fraction of dust in the vicinity of
Venus comes from the inner solar
system. Most dust forms by catastrophic
collisions of larger particles. The flux
varies because dust destruction varies
with time; comets are local and
intermittent sources [11].
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ABSTRACT
PVO observations have shown clear evidence that Venus has no significant global intrinsic
field. As a result, its atmosphere and ionosphere interact with the solar wind much more
directly, in contrast to Earth. PVO observations have also shown that Venus’ ionosphere has
two distinct states: magnetized and un-magnetized, mainly depends on the relative strength of
the solar wind dynamic pressure and ionosphere thermal pressure. During solar maximum
conditions, the ionospheric thermal pressure is normally stronger than the solar wind dynamic
pressure, and the ionosphere is often found to be in the un-magnetized state, due to the high
electrically conducting property of the ionosphere, which enables a strong current to fully stop
the penetration of the induced magnetic field. While at solar minimum conditions, the solar
wind dynamic pressure is normally larger than the ionospheric thermal pressure. Thus, the
induced magnetic field could at least partially penetrate the ionosphere, resulting in a
magnetized ionosphere. As both the upstream solar wind conditions and solar EUV flux
constantly change with time, the relative strength of the solar wind dynamic pressure and the
ionospheric thermal pressure vary, and the state of the ionosphere alternate from one to the
other in response to variations of external drivers, especially solar wind dynamic pressure. In
this presentation, we discuss about the general interaction features based on both observations
and numerical model results under relative quiet solar wind condition as well as the response
of the near-Venus space to a dynamic pressure (density) enhancement of the solar wind. We
also discuss about the controlling processes of the formation and evolution of the large-scale
magnetic field in the ionosphere that’s being observed by PVO.
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Being the twin planet of Earth, Venus is always epicenter of interest for scientific community
in inter planetary studies. SAR back scatter has always proven its importance as a parameter
of sensing the geomorphological feature such as sand dunes and volcano. Its power of Dipole
sensitivity and least attenuation due to climatic events makes it beneficial for planetary studies
too. The Aeolian Activity also has been described in many other planets like mars, moon Titan
etc. NASA’s Magellan Venus Radar Mapper orbiter carries a 12-cm-wavelength, multimode
radar system with resolution of better than 300 m, and it approaches 120 m over more than half
the planet [2]. It provides vertical accuracy of better than 50 m in altimeter mode which is
averaged over a surface resolution cell approximately 10 km in diameter while its surface relief
is not too extreme. SAR with Polarimetric and multi wavelength capabilities has proved most
successful parameter in case of different Polarimetric bands combinations for
geomorphological applications like sand dunes mapping. Its ability to control illumination
parameters such as look angle, wavelength, and polarization makes it huge advantage over
Aeolian structures like sand dunes and wind streaks. Moreover, SAR sensitivity to changes in
surface roughness, is found very useful in mapping dune forms [3]. Generally, signature of
Dunes is dark in radar imagery, which indicates smooth surfaces and signal absorbing
materials, just because of certain incidence angles, sand dune surfaces may reflect the radar
signal which leads to a bright reflectance [4]. The Magellan radar backscatter images has been
used for volcanic activity retrieval in volcano Maat Mons on Venus. The full morphological
studies of these planetary objects may open the doors of origin of universe and these planets
too.
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The advancement in planetary deep space remote sensing technology has opened new potential
areas of Venusian exploration. The active imaging radar reflectometry technique offers a
unique opportunity to map and discriminate different morphological feature on the Venusian
surface which further helps to understand the origin, evolution and the probable crustal
composition variations on the surface of the Venus. Although Venus does not provide evidence
of a global seismicity, an assessment of structural/morphological landforms present across
Venus is suggestive of the Planet's other geological, potentialities compared to generally
perceived and widely accepted Volcanic Origin of landforms. The most omnipresent structural
landforms distinguished in this study include continuous, arcuate to linear, positive-alleviation
frameworks of folded structures generally disseminated inside Venus' lowlands called as ridge
belts.
The RDRS instrument onboard the Magellan spacecraft of NASA launched in 1989, carried a
High Gain Antenna Synthetic Aperture Radar with S Band frequency. In this study the
Magellan F-BIDRs, (Full resolution Basic Image Data Records) at 75m spatial resolution has
been employed to analyse the global spatial distribution and origin of Ridge Belts on Venus.
Accurate morphological mapping taking cues from its relief, orientation /strike, width and
cross-sectional analysis in parts of the globally distributed ridge belts were collected. After
processing the data, the observable structures (potential discontinuities and folds) were mapped
within the ridge belts. Characterization of individual structures within ridge belts was based on
comparative morphological analysis by visual assessment of terrestrial analogues. The result
is indicative of a mechanical thinning of Venusian Lowlands in comparison to Earth due to
elevated surface temperatures.
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The VAMAN Project is a nanosatellite mission concept for exploration of the Venusian
atmosphere developed by an international team including the University of Colorado
Laboratory for Atmospheric and Space Physics (LASP), Nanyang Technological University,
Indian Institute of Space Science and Technology and the National Central University in the
framework of the INSPIRE consortium. This 6U cubesat will carry a science package
composed of an extreme ultraviolet photometer, a retarding potential analyzer and a radio
occultation payload. In combination with a mother spacecraft of a cluster of Venus orbiters,
the VAMAN cubesat will be able to provide complementary measurements and to explore
different regions of the Venusian atmosphere and ionosphere normally unreachable by the
mother spacecraft.
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Contents of abstract: Venus is hosting a global sulfuric acid cloud layer between 45 and
70 km which has been investigated by the Venus Express and Akatsuki mission as well as its
coupling with the surface. One of the main questions that remains unclear about the dynamics
of the Venusian atmosphere is how this convective cloud layer mixes momentum, heat, and
chemical species and generates gravity waves. Large bow-shape mountain waves as been
observed above the low latitude high terrain. However, these waves develop from regional to
local scales and cannot be resolved by global circulation models (GCM) developed so far to
study Venus’ atmospheric dynamics. Below 10 km the atmosphere of Venus virtually
unknown, only the VeGa-2 has successfully measure the temperature in that region. At the
surface, only Venera 9 and 10 directly measured the wind for respectively 49 min and 90 s, and
several other probes like Venera 13 and 14 measured indirectly the wind speed. The amplitude
of the measured wind speed is inferior to 2 m/s [4]. The planetary boundary layer has been
studied with a global circulation model (GCM) [5], exhibiting a strong effect of the solar
heating on the amplitude of the slope wind in the tropics. Additional studies are needed for the
understanding of the near-surface dynamics and future landing missions.
To study the convective layer, a Large Eddy Simulations (LES) model [1] has been
developed using the Weather-Research Forecast (WRF) non-hydrostatic dynamical core [2]
coupled with the IPSL Venus GCM physics package [3]. The model is able to resolve a realistic
convective layer between 47 and 55 km as well as one convective layer at cloud top altitudes
(70 km). Tracers has been included in the model representing SO2 and H 2 0 , the chemistry and
photodissociation sources and sinks are modeled by a linear relaxation of the tracer abundance
toward a prescribed vertical profile with a characteristic time. The relaxation time ranges from
2
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10 to 10 s.

To study the coupling between the surface and the clouds, a model has been developed [4]
using WRF mesoscale dynamical core with high-resolution Magellan map and coupled to IPSL
Venus GCM physics package. This model is able to reproduce the observed bow-shape wave
temperature anomaly at cloud top. The generation and vertical propagation of the waves were
studied, the emission of trapped lee waves was determined and transmission through the two
mixed layers was quantified.

We proposed to use these models to study the impact of this turbulence on the chemical
species, focusing on water and sulfuric acid, and investigate the dynamics of the near-surface.
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Contents of abstract:
This is an idea submitted to ESA's call (New space mission ideas and concepts) October
2020, and is a candidate for a feasibility study on the concept by ESA as of September 2021.
For planets and moons with dense atmospheres such as Venus, Titan, and Triton, a floating
platform in the atmosphere like a balloon or an unmanned aircraft is desirable, particularly
inside and under the thick clouds. It complements satellite observations for remote sensing,
and more importantly, it allows in-situ observation of the thick atmosphere, which is full of
physical and chemical processes. The problem with existing platforms is that they can last, at
most, a few months. To solve this, we propose N2 as the filling gas for the buoyant structure
(balloon part) of such a platform, possibly equipped with wings and propeller for controlling.
N2 (28 amu) can provide half the buoyancy force in the CO2-rich Venus atmosphere (~40
amu), compared to He (4 amu) in the Earth atmosphere (~29 amu), and is able to keep this
"Laputa" platform floating in the CO2-rich atmosphere. The Laputa platform should be
deployed near the cloud layer at ~50 km altitude (~1 atom and ~300K) for operation over more
than 8 months (Venus year).
There are two advantages of using N2 instead of traditional He: (1) Venus atmosphere
contains as much as 3.5% of N2 and we can thus locally extract N2 from the atmosphere for
long-term observation, (2) kinetic diameter of N2 (3.6 Å) is larger than that of CO2 (3.3 Å).
N2 gas separation using a membrane is therefore possible using high pressure, while He (2.6
Å) will easily leak. The challenging parts are (a) developing compact gas separation unit and
(b) developing solar cells for wavelengths that reaches below the cloud layer while working in
the acid environment of Venus.
As a spin off, such developments will be beneficial to both terrestrial observations (concept
can be applied to the Earth such as volcanic monitor) and environmental issues (separating
CO2 from the atmosphere and solar cells in challenging environments).
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Abstract:
Exploration of the atmosphere of Venus is of great interest to climate scientists. LighterThan-Air (LTA) systems work on the principle of overcoming most (or all) of the
gravitational force by buoyancy generated due to a LTA gas inside an adequately sized and
shaped envelope. Due to their ability to remain afloat for a long period of time without much
power consumption, such systems are being proposed as promising candidates for long
endurance platforms for planetary exploration. This paper will discuss the application of
phase change balloons for Venus exploration and explore the feasibility of LTA Systems for
long-term station keeping missions in the Venusian atmosphere. The work reported herein
is part of an ongoing R&D project funded by ISRO.
In a previous study, the authors have presented a detailed review of previous global missions
to Venus, and highlighted the technological challenges and advancements in using LTA
Systems for Venus exploration[1]. Blamont [2,3] has discussed the possibility of using liquid–
vapor phase change fluids inside a balloon for long duration balloon missions to Venus. By
selecting an appropriate phase change fluid, the buoyancy of the balloon can be altered to allow
its oscillation in the altitude band of interest. In our study, a multi-disciplinary framework for
computation of trajectory and system sizing of such balloons in the Venusian atmosphere has
been developed, with the objective of obtaining the optimum configuration.
However, Phase change balloons are not steerable or controllable, thus they cannot be
moved from one desired location to the other, which severely limits on their use [4,5]. Instead,
Airships can be used as High Altitude Long Endurance (HALE) relocatable platforms that can
allow exploring the planet's atmosphere and terrain at different locations, and by performing
station-keeping missions. The paper will also highlight the potential of using Airships for long
term station keeping activity, and for exploring the Venusian atmosphere. The feasibility
hinges on the balance between the power available from the solar array, and the power required
by Airship for station-keeping, or for steering them to a desired location. Learnings from the
previous studies on design of stratospheric airships [6-8] can be utilised to explore this
feasibility.
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Hyper-spectral imaging can be used to distinguish between many types of materials and
their distribution in a large region using satellites. However, several corrections are required
when data is taken by a satellite as position of sun and the satellite determines the path of rays
of light captured by the satellite. Also, the presence of atmosphere effects the level of radiance
received by satellite and this effect is wavelength selective. Further the rays of light reflects
from the material which has wavelength dependent surface albedo. To estimate the corrections
to be used in the captured data, simulations are performed for radiative transport through
atmosphere using a modified version of LOWTRAN7 code originally developed by Air Force
Geophysics Laboratory in Hanscom written in FORTRAN programming language. The code
is capable of modelling various geometrical and atmospheric conditions. Further effect of
wavelength dependent surface albedo is included in the code as the code initially was capable
of working with a constant albedo. Different values of wavelength dependent surface albedo
are included from the JPL database referred below. Studies were performed for different paths
of light rays such as with variation of time in a day at a specific location, various atmospheric
conditions such as rural and urban aerosols and for different surfaces. Different hyper-spectral
signatures were found to show definitive distinction for these cases.
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Abstract: Venus, the second planet of the Solar System, one of the four terrestrial planets
of the Solar System and one of the only two planets of the Solar System to rotate in a clockwise
direction (retrograde rotation), is notoriously known as “Earth’s Evil twin” due to its hellish
atmosphere as well as surface conditions. But it is the same hellish atmosphere that can prove
to be crucial in order to find out answers for critical yet unsolved questions regarding its past
and subsequent evolution, and it can also provide essential hints for in-depth analysis of the
possibility of sustainability of life there as well for solving the mysteries surrounding the
possibility of Earth having a future similar to the present scenario of Venus.
Although we know what Venus is, the true nature of Venus is poorly known, especially its
atmosphere. Through the previous and recent Venus missions, researchers and scientists have
been able to obtain much valuable information about the nature, characteristics and some
unique properties of the atmosphere there, and these have brought forth many important but
unsolved questions: the history and subsequent evolution of Venus; drastic changes the planet
went through in the past which are responsible for its present hostile scenario; runaway
greenhouse effect which has made it a real hell-chamber; Venus playing an important role in
our understanding of habitability, terrestrial planets and divergent evolutions; elementary and
isotopic pattern of noble gases and of stable isotopes in its atmosphere; global resurfacing in
Venus; subduction in Venus; possibility of Venus being habitable at some point in the past with
chances of life existing on the surface of Venus at that time; the possibility of life existing in
the upper layers of atmosphere there; probability of Earth having the same fate as Venus, etc.
This also highlights the importance of future Venus missions and their purpose to search for
how many ways the Venusian atmosphere can play a very crucial role in not just understanding
the present situation of the planet as a whole but also getting a proper visualization of its past
and the drastic changes and evolution it went through, as well as finding out the possible future
of not only Venus but also of Earth, our home planet, the only home we have ever known.
Hence, there is a need for further investigation and analysis of data obtained from the previous
and present Venus missions, and it is mandatory to investigate further and analyze them, go
through the recent studies and researches on them, examine important clues found from them
regarding the Venusian atmosphere and its subsequent evolution, and explore different ways
to decode their clues, for future studies and missions, to unveil all secrets and understand
Venus, and perhaps beyond it.
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Abstract: The discovery of a large number of exoplanets increased the parameter space for
the physical conditions of planets significantly. To reach a comprehensive understanding of
various planetary processes, a study of comparative planetology is very important. Our sister
planet Venus can give us a platform to study exotic environments of exoplanets. In addition,
Venus can also provide insight into the fate of our planet Earth on a geological time scale.
Therefore, understanding the atmosphere of Venus is of paramount importance. To simulate
the atmospheric composition of Venus atmosphere, we use a chemical network with around
100 chemical species that are made up of H-C-O-N-S-Ar elements. The species which are
relevant in the context of Venus, such as SO2, SO3, SH, H2SO4, Sx (x = 1, 2, 3, 4, 8), OCS,
H2O, H2S, CO, CO2, SNO and NO, among others are considered in the network, and the
network is based on Vulcan model[1]. These species are interconnected with 600 chemical
reactions and 70 photochemical reactions. All the chemical reactions are reversible in the
model and use eddy diffusion and molecular diffusion for atmospheric mixing. A two-stream
approximation of radiative transfer to find the photon flux is used to calculate the
photochemical reaction rates. We simulate the atmospheric composition from 0 to 112 km and
the lower boundary conditions (at the surface) are the fixed mixing ratios for species CO2, SO2,
H2O, NO, and OCS. We have used the zero flux at the surface and the intermediate level (47
Km); we have used outgoing and incoming flux for H2SO4, H2O, Sx, CO, and CO2 which are
taken from Krasnopolsky et al. (2007)[2]. An upper boundary, the flux of CO, O2, O, N are
taken from Krasnopolsky et al. (2012)[3]. In this work, we will report our first results of the
atmospheric composition of Venus and discuss the possible effects of lightning on the
atmospheric composition.
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ABSTRACT
In this study, the general circulation model LMDZ (Laboratoire de Météorologie Dynamique;
Hourdin et al. 2006) is used to perform the numerical simulations for the Venusian atmosphere.
The configurations and model physics for the Venus LMDZ model are broadly opted from
Lebonnois et al. (2010, 2016). The model simulations performed for 150 Venus days (VD)
suggested that the Venus GCM model is able to capture high values of surface temperature
(~730 K) and upper level winds (> 100 ms-1) with latitudinal variations. Results suggested that
the annual oscillations of surface temperature are dominant over Venus.
The oscillations in Venusian wind fields are studied using the output for the LMDZ model. It
is found that the oscillations of Venusian wind fields exist at all vertical levels however their
amplitude varies largely. At upper level wind speed are extremely high and large oscillations
are observed. This can be observed at any latitude but at subpolar areas between 60-80° they
are very significant. These oscillations attain their maxima between 0-0.1 Bar and reduce as
one penetrates further into Venusian atmosphere. These oscillations are found to have diurnal
origin.
The future objective is to assimilate past and present Venus observations (like temperature
from RO missions, winds from UVI sensor) to develop a realistic Venus atmosphere for further
applications.
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Abstract:
Cosmic dust particles enter planetary atmospheres sporadically and undergo ablation. The
ablation injects neutral and ionized metals into planetary atmospheres and produces a layer of
metallic atoms/ions in the upper atmosphere [1]. Such layers are studied on Earth with the help
of rocket-borne, ground-based LIDAR and spectrometric techniques. On Mars, the first Mg+
layer, peaking ~ 90 km, was detected by Mars Atmosphere and Volatile Evolution (MAVEN)
[2]. On Venus, there are speculations of a meteoric layer (~ 115 km) from the electron density
profiles observed by radio occultation experiment [3, 4]. Recently, total mass input of cosmic
dust particles is predicted to be ~ 31 ± 18 tonnes/day for Venus from various cosmic sources[5].
The present work displays the development and challenges of the 1-D ion-neutral model
coupled with metallic ions in the Venusian atmosphere. Mass flux and velocity are adapted
from the literature [5]. The Venusian atmosphere's neutral density is taken from an empirical
model based on Neutral Mass Spectrometer (ONMS) onboard Pioneer Venus Orbiter. The
continuity equation for various metallic ions is solved simultaneously, assuming steady-state
photochemical conditions to determine different metallic ion densities. Preliminary results
from this model will be presented.

Figure 1: Pathways of ionized metals into planetary atmospheres
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Abstract:
Occurrence of organic molecules, particularly polycyclic aromatic molecules (PAH), in
various members of our solar system has generated strong interest among researchers in the
last two decades. This is mainly driven by five very successful missions namely CassiniHuygens, Dawn, Rosetta, New Horizons and Stardust mission, though none of the five
interplanetary space missions had investigations of organics as their primary mission. World
over, discoveries of a myriad of new organic molecules and associated dynamic models in
space are being reported from solar system members including Jupiter, dwarf planets Pluto and
Ceres, moons like Titan, Triton, Europa, Enceladus, comets and asteroids, etc.
Globally, several laboratories are investigating the radiation processing of organics, to
complement the results obtained from space probes. On the national arena, IIST is the leading
laboratory which is working in this domain. At IIST, a decade of laboratory investigations,
using in-house instrumentation and international collaborations, have uncovered some
important aspects of radiation processing of such organic species in space.[1]
Conventionally Mars and Venus both are expected to be devoid of organic molecules [2].
But Venus is known to have very specific UV and IR characteristics which indicate a possible
role of organics in the upper atmosphere of Venus [3]. Considering the prevalence of organics
in comets and asteroids, it is understood that these objects can bring in large quantities of
organics in the atmosphere of plants. Moreover, large abundance of CO2 combined with ample
availability of solar UV radiation leads to very complex molecular processing producing
several carbon containing molecules. Thus it is very intriguing to look for organics in the upper
atmosphere of Venus.
The results of the recent laboratory investigations on radiation processing of organics and
future mass spectrometry instrumentation designs for space probes will be presented.
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Contents of abstract: Sulfur dioxide is an important trace gas in the atmosphere of Venus
and its abundance at the cloud tops has been observed to vary on interannual to decadal
timescales. This variability is thought to come from changes in the strength of convection
which transports sulfur dioxide to the cloud tops, although the dynamics behind such
convective variability are unknown. We propose a new conceptual model for convective
variability that links the radiative effects of water abundance at the cloud-base to convective
strength within the clouds, which in turn affects water transport within the cloud. The model
consists of two coupled equations which are identified as a recharge-discharge oscillator. The
solutions of the coupled equations are finite amplitude sustained oscillations in convective
strength and cloud-base water abundance on 3–9 years timescales. The characteristic
oscillation timescale is given by the geometric mean of the radiative cooling time and the eddy
mixing time near the base of the convective clouds. This work was also published in a recent
paper [1].
References: Use the brief numbered style common in many abstracts, e.g., [1], [2], etc.
References should then appear in numerical order in the reference list, and should use the
following abbreviated style:
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Abstract: Analysis of data from instruments of Venera 13 and 14 reveal the possibility of
an electrically active cloud region at about 1-2 km near the surface [1, 2]. The landers have
measured electrical currents and electromagnetic signals due to the presence of electrostatic
charge in the lower atmosphere as well as the near surface environment of Venus. The Venera
measurements indicate the possibility of volcanic lightning and triboelectric charging
processes, as found in the literature [3]. The existence of an electrically active cloud is
discussed with regard to other natural phenomena on Venus i.e. aeolian processes, volcanic
outgassing etc. Similarity in the measurements by both landers over a period of four Earth days
hints at the possibility of quasi-permanent or homogeneously distributed dust clouds over the
landing sites.
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The Venusian surface may be extremely hostile for the survival of life. Recently however, researchers
have proposed the possibility of habitable environment on Venus’ Clouds 1. The discovery of
Phosphine in Venus has prompted such possibilities. However, the discoverers clarified that the
phosphine was a result of explosive volcanism which spewed metal phosphides into Venus’s clouds,
which subsequently reacted with sulphuric acid to form phosphine 2. These recent findings by
researchers prompted us to reappraise some of our earlier works (both published and unpublished)
from the Venusian perspective.
In our previous contributions, we discussed Martian Analogues from Deep-Sea of Central Indian
Ocean Basin (CIOB), Trans-Himalayan regions and continue to see many others 3,4,5,6. With passage
of research time, we begin to realize that there is no perfect analogous replica of a given system and
the vice versa. In other words, the same region under different biogeochemical situations may serve
as a relic of multiple planetary processes or planetary systems as a whole.
In our recent study, Singh et al., 2019, we discussed the microbial utilization of thiosulphate in the
red clays of a seamount area of CIOB as Martian Analogues replicating the Noachian-Hesperian
transition on Mars. In this study, we explore how the same principles and data could be explained in
Venusian Analogy albeit in clouds or atmospheric realms, instead of sub-surface biomes.
In yet another study, Biche et al., 2017, we discussed alkaline phosphatase activity in microbes visà-vis phosphate and nitrate content in CIOB. The basin manifested an array of combinations of
parameters linked to the geodynamic complexity. Certain anomalies of the phosphate, alkaline
phosphatase and adenosine triphosphate seem to deserve a re-visit. A re-examination of the data
could elucidate a different angle to the phosphorus cycle in the CIOB.

Finally, we aim to examine some time series data on the microbial sulphur, carbon and hydrogen
activities in Trans-Himalayan samples where mathematical transformations would help to find out
how each geological system behaves microbially and to test further analogy to Venus systems.
We hypothesize that in established biological systems, even if primitive and limited to microbial
activity only, the presence or absence of substances like phosphine would be controlled by how much
of microbial transformations are actually successful in converting such molecules to benign forms.
However, at the ‘edge of life’ situation or ‘pre-life’ situations these molecules are essential as
building blocks of biomolecules. We currently propose to re-examine our previous data again to
perhaps kindle interest to find a Venusian Analogy as well, as all planetary processes could have
near-parallel origins. Further analyses from a different outlook may help garner clues on how
phosphine could originate on other planets and thus contribute to the quest for signs for Extraterrestrial life.

1.
2.
3.
4.
5.
6.
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Abstract:
Lightning is an electrical discharge of very short duration and it generates lots of energy when
it occurs. It emits electromagnetic wave in along with optical emissions. When the electric field
exceed its limit, breakdown occurs and initiate a lightning event. Electric fields of such order
are usually generated by charged cloud particles, which acquire charge via triboelectrification
[1,2]. Free seed electrons are present in the planetary atmosphere because of the interaction of
cosmic rays with the gas molecules in the planetary atmosphere [3]. These seed electrons are
accelerated by the large electrical fields produced by charged cloud particles and gain sufficient
energy to ionize the gas molecules of the planetary atmosphere. The secondary electrons
produced by ionization are further accelerated, start an electron avalanche and form the
lightning discharge channels. The lightning sensing instruments observe the radiation emitted
by the accelerating electrons and photons emitted from ionization within the discharge
channels. Both Venus Express and Pioneer Venus Orbiter made measurements of low
frequency whistler waves of atmospheric origin [4]. The flow of electrons within the discharge
channels constitutes electric current and efforts have been made to model these electric currents
within the discharge channel [5,6]. Using the electric currents within the discharge channels, it
is possible to model the expected time domain and frequency domain characteristics of electric
fields generated by lightning [7]. In this work, we model the time domain and frequency
domain characteristics of electric field by using the discharge pulse, generated by an artificial
source of lightning, i. e. Vann de Graff generator.
References: [1] Saunders et al (1991) JGR, 96,11001-11017. [2] Guillot et al. (2020), JGR,
125(8). [3] Rutjes et al. (2019), JGR, 124, 7255-7268. [4] Russell et al.(2011), PSS, 59, 965973. [5] Bruce et al. (1941), JIEE, 88 (487). [6] Perez-Invernon et al. (2016), JGR, 121, 70267048. [7] Jones (1970), J. Atm. And Terr. Phy., 32,1077-1093
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To understand the evolving chemical composition of the atmosphere and model electrostatic
condition of the cloud of any planet, it becomes imperative to understand the governing factors
behind it; lightning is one of the main contributors. Lightning is essentially an electrical
discharge for a short duration occurring for few microseconds.
In March 1979, the Voyager 1 spacecraft observed lightning outside of Earth's atmosphere
for the first time at Jupiter. Since then, lightning has been observed on a number of other planets
and it can also occur beyond our solar system. The possibility of life elsewhere in the universe,
and the conditions needed for it, remains one of the biggest scientific questions facing mankind,
and provides a major motivation. Beyond simple scientific curiosity, there are several reasons
to study planetary lightning. The atmosphere of Venus has sulphuric acid clouds at altitudes of
from about 40-60 km from the Venus surface. As our sister planet, Venus attracts particular
interest among solar system objects. Venus and Earth are often called twin planets because of
their similar size, mass, interior structure, and chemical composition, but the atmosphere of
Earth and Venus are markedly different.
The lightning may be studied by the Schumann resonance in the surface-ionosphere cavity.
Schumann resonance study can be done with the help of Finite difference time domain (FDTD)
modeling. The finite difference time domain (FDTD) method has been used extensively in the
modelling of electromagnetic wave scattering from complex none-canonical objects. In this
study, Schumann resonance is calculated from the conductivity profile of the Venus
atmosphere. Schumann resonance can be studied on other planetary bodies to provide
information about their possibility of lightning. Using FDTD Method, we have calculated the
Electric field and magnetic field variation in the atmosphere of Venus. Which indicate some
evidences for possibility of lightning on Venus.
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NAVA Experiment: Recent developments on front-end and processing electronics using
CMOS C650 and SCMOS CAPELLA-CIS120 chip
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An airglow photometer experiment NAVA (Narrow-band oxygen Airglow detection in
Venusian Atmosphere), is designed for a future Venus mission to detect the OI 557.7 nm and
the OI 630.0 nm emissions by limiting the spectral bandwidth (to enhance SNR) and field of
view (to capture even small scale spatial variations in the emission). In recent times, progress
has been made in identifying the detector (CMOS CAPELLA – CIS120) based on extensive
modeling exercise of signal to noise ratio (SNR) by considering the optimization of the field
of view (FOV), etc. However, this chip is not available with us presently. Therefore, we have
explored the bare C650 chip that is available in the laboratory to design the prototype of the
NAVA payload. The prototype consists of front-end, processing, and ground checkout systems.
This chip has already been used in the HySIS payload (Chandrayaan-1 mission) and LiVHySI
payload (YouthSat mission). In addition, We have also designed a FEE card of SCOMS
CAPELLA-CIS120 chip. The initial results obtained through this C650 set-up, the rationale for
selecting CMOS CAPELLA – CIS120 detector chip, and their FEE card development will be
presented in this talk.
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Interplanetary dust particles (IDP), also called micrometeorites, or cosmic dust particles, are
small grain orbits around the sun. Most IDP particles are believed to come from the surface
erosion and collisions of asteroids and from comets, which give off gas and dust when they
travel near the Sun. Spacecraft have detected these particles nearly up to the orbit of Uranus,
which indicates that the entire solar system is immersed in a disk of dust, centered on the
ecliptic plane. Their motions are governed by various forces like gravity, radiation pressure
and the Poynting-Robertson effect and due to their small sizes, their orbits get easily altered.
During their journey, they can enter into the atmosphere of a planet, and get ablated. This is
responsible for a third ionospheric layer and its peak is greatly influenced by the flux of these
particles. Thus it makes the study of the IDP distribution in the solar system using various dust
detectors onboard planetary missions very important.
Modern dust detector works on the principle of impact ionization, where a particle with high
energy, hits the detector target and generates the plasma charge. This charge is then converted
to signal from which physical parameters of particles like mass, speed and flux can be derived.
Though many such detectors were flown in past planetary missions, there is minimal
measurement near and around Venus. The flux of particles that a dust detector will encounter
has direct impact on its electronics and processing capabilities as well. Hence, it becomes
important to get an estimate of the flux that a dust detector will encounter in Venusian orbit.
Here, we consider different flux models given by [1,2,3] and flux from in-situ measurements
[5] to get an estimate of the IDP impact rate that a dust detector will encounter in the Venusian
orbit.
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Contents of abstract:
Interplanetary dust is a term to describe the cosmic dust that exists between planets in planetary
systems like the Solar System.Comets, asteroids, and interstellar dust being the primary sources
of interplanetary dust.In terms of size, interplanetary dust and interstellar dust are unique, and
they are influenced by a range of factors.Between the dust on the planets and the dust in the
interstellar medium, there is a size disparity.
Venus is Earth's sister planet, and learning more about the dust that surrounds it will make
future expeditions easier, as well as aid in the research of dust qualities on our own planet. A
circumsolar dust ring on Venus provides observational data that helps scientists better
understand the variables that impact the formation of resonance rings, such as drag forces (PR and solar wind), an elliptical planetary orbit, and gravitational disturbance by an outside
planet.
Several dust detectors aboard the spacecraft were used to investigate the size, mass, and speed
of this material. Various aspects of the IPD, properties, sources, and the relevance of studying
it will be described in this paper.
In addition, a comparison research comparing the IPD of Venus and Earth will be presented.
And a hypothetical suggestion would be used to offer an explanation for their disparity.
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Venus is strikingly different from our Earth because of the absence of the intrinsic magnetic
field. Due to this, Venus is subjected to intense solar radiation and solar wind pressure. The
solar wind –Venus interaction produces different types of fluctuations in its plasma system in
which some of them can be interpreted via plasma waves. These waves play a vital role in
altering the particle distribution function, accelerating the particles to high energy which leads
to particle pickup process, dissipation, and energy transfer. One of the prominent low frequency
plasma waves is ion acoustic wave (IAW). These prevalent IAWs have been observed in
various regions in the Venusian environment. They are observed in the upstream bow shock
[1], ionopause [2] and ionosheath region [3]. Also, it has been showed that the energy from
solar wind to the Venus’s ionosphere is transferred via ion acoustic waves [4].
Among different ionic species in the upper ionosphere of Venus, the observations shows that
O+ and H+ ions are present in significant numbers [5]. Suprathermal electrons have been
detected on the nightside ionosphere [6].
Based on these observations, we have considered Venusian O+ and H+ ions and suprathermal
electrons, streaming solar wind protons and neutralizing background electrons to study the
generation of low frequency waves. The beam electrons are assumed to obey the Kappa
distribution whereas the remaining four components follows the Maxwellian distribution. For
this plasma model, an extensive parametric study has been conducted to delineate the wave
dispersion characteristics for the observed data from Lundin et al. (2011) for the dawn dusk
meridian of Venus Express (VEX) with the data from the ASPERA-4 Ion Mass Analyzer
(IMA). The plasma parameters for our study have obtained from the ionospheric region at
altitude 200-1000 km.
Our parametric investigation revealed that the increase in number density of the Venusian ions
and background electrons decreases the growth rate whereas increase in number density of
solar wind beam protons and Kappa beam electrons increases the growth rate. The temperature
ratio of Venusian ions to Kappa beam electrons does not affect the instability. The solar wind
beam protons are found to be playing a vital role in our model. It is evident from results that
the increase in their velocity increases the growth rate. Further parametric investigation will
help us in understanding the generation mechanism of ion acoustic waves in the Venusian
ionosphere.
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Characteristic features of an ionospheric layer below the V1 base of the Venus ionosphere,
named as V0 layer, have been studied using measurements from the Radio Science experiment
onboard Akatsuki Orbiter. The Venus Climate Orbiter, also known as Akatsuki orbiter, has
been in orbit since 2016 exploring the atmosphere/ionosphere of Venus during the declining
phase of the solar cycle 24. The orbital geometry of the spacecraft provides opportunities to
probe the ionosphere in the equatorial region, a least explored area of the Venus ionosphere.
We observed a distinct layer of enhanced ionization below the V1 base in both the hemispheres
at different latitudes and solar zenith angles (SZA), including near the equator during the local
noon and post-sunset conditions. The maximum density of this layer was ∼ 4×1010 m-3 at the
altitude range 110±4 km. Long orbital periods and geometrical constraints limit the number of
occultation events, but out of 34 ionospheric profiles obtained so far from Akatsuki
measurements, we identified six cases when this distinct ionospheric layer was present. In the
absence of in situ measurements and modeling of the lower ionospheric region, it is hard to
comment on the origin of the layer but the presence of such layer during post sunset hours
suggests for its meteoric origin. Other possible sources of such layer will be discussed during
the presentation
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It is well known that ICMEs have an important role in increasing the loss of atmosphere from
an un-magnetized planet like Venus. In this work, the interaction between interplanetary
coronal mass ejections (ICMEs) and the induced magnetosphere of Venus is studied using
Venus Express (VEX) measurements. Several events during the period 2006-2013 are
analyzed. When we compare the VEX measurements during the passage of ICMEs with those
during quiet solar wind conditions, it can be seen that the plasma environment of Venus
drastically changes during the passage of ICMES. A strong magnetic barrier is observed and
the location of different plasma boundaries of Venus show changes during the passage of
ICMEs. The ELS observations near the tailward region may suggest that plasma fluctuations
occurred in the night side. This may also indicate that magnetic reconnection might be
occurring during strong ICME events. From the analysis of VEX data it is clear that the plasma
sheet of Venus show significant fluctuations during high magnetic barrier events. The high
electron energy flux in the plasma sheet strongly indicate that the ion loss could be enhanced
during the passage of the strong ICMEs. This study suggests that ICMEs are the key drivers of
space weather at Venus and can lead to an increase in the atmospheric loss of Venus.
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Electrostatic solitary waves are ubiquitous in the space plasmas and are also observed at the
Venus where the solar wind interacts with the bow shock, magnetosheath and magnetotail of
its induced magnetosphere [1-3]. The plasma double layers with/without streaming instabilities
are found at the boundary between Venus and the Solar wind colocated with observations of
non-Maxwellian electrons [4]. A multicomponent theoretical model consisting of Venusian H+
and O+ ions, Maxwellian electrons, streaming solar wind protons and superthermal electrons
modeled by kappa distribution is studied. The theoretical model predicts the positive potential
slow and fast ion-acoustic solitons. Detailed parametric investigations of soliton velocities,
width and electric field amplitudes will be discussed and the results will be applied to the
observations made by Venus Express, VEX [5].
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Although the ionosphere of Venus has been studied both by ground-based and orbiter
observations, a comprehensive understanding is still lacking. Very little is known about the
planet even after more than twenty successful missions. The ionosphere of Venus exhibits
complex dynamics due to its structure, variation and its interaction with solar wind. The
dayside ionosphere is primarily produced by photoionisation of thermospheric neutrals by solar
EUV radiation (Peter et al., 2014). Solar wind plays a very important role in heating the
ionosphere plasma and shaping its boundary i.e. ionopause. It has been estimated that the
average ionopause height rises from about 300 km at the sub solar point to ~700 km and ~1000
km at the dusk and dawn terminators thus exhibiting a strong dependence on solar zenith angle
(Brace and Kliore, 1991). However, comprehensive in situ measurements are limited to
completely establish these.
The majority of current understanding about the atmosphere and ionosphere of Venus
primarily comes from ground-based observations and the two missions, the Pioneer Venus
Orbiter (PVO) and the Venus Express (Brace, 1979). PVO provided the only in situ
measurements for ionosphere and exosphere of Venus while all other measurements were
through radio occultation. Intriguing results from MAVEN about Mars ionosphere and the
upcoming missions to Venus prompted us to relook at PVO datasets to gain a better insight.
The behaviour and variability of Venus ionopause, in the current perspective, has been studied
using the in-situ data sets onboard PVO. Some of these observations will be discussed.
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The exploration of Venus continues to be of utmost priority for planetary scientists to quench
their thirst for comparative assessment of terrestrial planets. The Pioneer Orbiter missions by
NASA [1] and the Venera orbiter/lander missions [2] by Lavochkin (Soviet Union) flew about
30 years ago. In the last couple of decades, Venus has only been studied through flyby missions
and orbiters such as Venus Express and Akatsuki. Venus is categorized as an arid planet
through the data from early missions. The majority of its atmosphere is largely unknown. The
greenhouse effects cater to the formation of a 25 km thick cloud layer composed of sulphuric
acid derivatives. The search for similarities between Earth, Mars and Venus is still on.
Understanding Venus will help us answer the question of how Earth, with a habitable
environment, may evolve to become a desiccated planet like Venus in the future [3, 4, 5, 6].
Determination of atmospheric composition through in-situ measurements is required for
understanding the role of chemistry in various processes that took place to shape present day
structure.
At PRL, development of Neutral & Ion Mass Spectrometer (NIMS) is being carried out for the
future planetary mission. NIMS is based on the concept of quadrupole mass spectrometer
(Mass range: 2 – 200 amu and mass resolution {M/M} >10). The incoming sample of gaseous
species is filtered based on the ratio of their mass to their charge (m/q). NIMS can be
programmed to either sweep across a range of (m/q) ratios or allow only a species of interest
to pass, by tuning the instrument to a fixed (m/q). It can be optimized for an orbiter mission as
well as an atmospheric flight (atmospheric entry on board a nano-sat or balloon). The
instrument shall employ channeltron-electron multiplier (CEM) as ion detector. NIMS will be
functioning in two different modes viz. a) The Neutral Mode, which is used to measure neutral
species by passing them through an ionizer, and b) The Ion mode, which is used to measure
the positively-charged ambient ions. The instrument will effectively characterize the neutral
gases and ambient ions by measuring the isotopic and molecular compositions of the planetary
upper atmosphere and ionosphere. The requirement of neutral & ion mass spectrometer for
future Venus mission along with the present status of NIMS will be presented.
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Abstract
Planetary atmospheres encounter several ionizing radiations that include solar EUV, UV, Xray photons, SEPs and cosmic ray particles. In the absence of any intrinsic magnetic field,
planetary atmosphere takes nearly the full brunt of these radiations. As Venus does not have
an intrinsic magnetic field, even X-rays, SEPs and low energy cosmic rays, are expected to
cause ionization at the lower part of the atmosphere. The solar EUV and X-ray radiations peak
at about 140 km and 127 km in the Venus ionosphere due to photo ionization and photoelectron
impact ionization respectively. Theoretical model result shows that the interaction of SEP flux
on Venus atmosphere causes enhancement in the ionization rate at around 100 km and for
cosmic rays, it is around 60 km. Further, Venus is closer to Sun and hence it is expected to be
exposed to higher SEP fluxes. Therefore, cosmic ray particles and SEPs are expected to exert
significant influence in determining the ionospheric electron content, electrical conductivity of
the Venusian atmosphere, atmospheric chemistry and charging of clouds. The flux of these
SEPs at Venus is not known and is estimated from GOES orbiting around Earth by scaling
according to the Sun-Venus distance. It is, therefore, essential to understand the incoming flux
of the high energy particles to understand the plasma environment and ionization processes in
the Venusian atmosphere. So far, no systematic high energy particle measurement covering
almost the entire suprathermal and SEP energy range (100 keV- 100 MeV/Nucleon) has been
attempted from the orbit of Venus. A Venus Radiation environment monitor (VeRad) in a
Venus Orbiter thus fills up this important gap area. These measurements will also be used by
other companion instruments on board Venus orbiter related to atmospheric studies.
Particle measurements in the energy range of 100 keV to 100 MeV/Nucleon will be
accomplished by using stack of Si PIN detectors with varying thickness and also CsI
scintillator. The detailed VeRad instrument configuration and the design aspects will be
presented in the conference.
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Microwave remote sensing with SAR can be used to carry out surface studies of Venus through
a dense optically opaque atmosphere. Synthetic Aperture Radar (SAR) on the Magellan
mission mapped 98% of the surface of Venus in the 1990s, providing revolutionary scientific
insights about its surface. However, due to the coarse resolution of 120-300 m in the single
polarization (HH) band, there are several gaps in information for surface studies.
NASA's VISAR (part of Veritas mission), and ESA's VenSAR (part of EnVision mission)
are the upcoming missions to map Venus. Both of these missions aim at mapping Venus at
high resolution and extract its topographic information using advanced SAR techniques like
interferometry and radargrammetry. However, fully polarimetric SAR observations of Venus
can reveal the texture and surface features in unprecedented details. It can provide an accurate
estimate of the relative permittivity (dielectric constant), which might explain the elevated
relative permittivity observed at high altitudes in Magellan imagery. We present a case study
for such a polarimetric SAR(Pol-SAR) which would provide complementary information to
that of VISAR and VenSAR payloads.
This paper presents the system design of a Pol-SAR by performing trade-off studies between
parameters like power, frequency, noise equivalent sigma naught, pulse repetition frequency
(PRF), altitude, look angle, pulse width, swath, and radar ambiguities. We also simulate a
mission-like scenario to show a global coverage of the surface of Venus in 7 months using
optimized time intervals in orbit.
Since Magellan, the Pol-SAR proposed in this mission can provide greatly improved data
for Venusian studies. Moreover, similar SAR frequencies facilitate comparisons with
Magellan's data. Its full-polarimetric operations, which enable the study of geological features,
complement the scientific objectives of the proposed VISAR and VenSAR. Combining the
results from these three missions will bring significant improvements to Venus science.
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Abstract
The ISRO-JAXA joint science collaboration beginning with acquisitions of radio science data
at Indian Deep Space Station (IDSN-32) at Byallalu in March 2017 has provided the first-ever
opportunity to the authors to get engaged in observations of atmosphere of planet Venus by
radio occultation technique. Retrieval algorithm has been independently developed for deriving
atmospheric parameters from residual Doppler to bending angle, refractivity, geopotential,
neutral number density and finally, atmospheric temperature and pressure profiles in the neutral
atmosphere of Venus. The algorithm is validated through cross-comparison with products
derived by our counterpart team at JAXA. The cross-comparison results show excellent
agreement with JAXA products for all the data products. Figure 1a shows one plot of
temperature profiles (3rd March 2016; 22:31 UTC; Lat = -40.1 Lon= 356.3) derived at SACISRO and compared with JAXA products. In addition, generalized error sensitivity analyses
are carried out for planetary RO experiment for characterization of system noise (Fig. 1b shows
a sample result for parametric variations in thermal noise with C/N0), thus providing an
excellent starting point for choosing the tolerance limit for system parameters towards meeting
the target accuracy in retrieved products.

Figure 1. (a) Comparison of retrieved temperature from Akatsuki for an ingress occultation
event using SAC-ISRO algorithm against JAXA processed products, and (b) Variations of
thermal noise with C/N0 for considered values of noise bandwidth and integration time.

