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Introduction: The study of the Venusian surface
is an arduous task. Surface probes are short-lived due
to the harsh surface conditions (~735 K and 92 bars)
[e.g., 1, 2] and sulfuric acid [3], requiring other means
for long-term or comprehensive study of the surface.
Generally, that involves the use of orbiting satellites or
ground-based telescopes. With Venus, we have the
option of using balloons which can float beneath the
cloud deck where conditions are similar to Earth sur-
face conditions [4]. It is well understood which parts of
the surface emissivity spectrum can be viewed from
space on the Venus night side through atmospheric
windows. Here, we evaluate whether more of the spec-
trum can be observed by placing the sensor below the
cloud deck and what effect this has on the scattering
footprint. Moroz [4] examined possible windows at
0.65, 0.85, and 1.02 microns through which emission
from the surface on the night side of Venus could
reach a sensor. This work expanded on [4] by model-
ing the surface emission of bands from 0.7 to 250 mi-
crons using a total extinction coefficient data set from
[5]. Hashimoto & Imamura [6] estimated the image
blurring by the atmosphere to result in a footprint 50-
100 km in diameter for an orbiting sensor. This is pri-
marily the result of Mie scattering within the cloud
deck [6]. The emission from the surface, its scattering
and absorption, and the emission from the atmosphere
were calculated from the surface to various heights
beneath the cloud deck. We explored the effects of
different sensor heights and surface emissivities, varia-
tion in surface elevation, and variations in the tempera-
ture profile on the possible atmospheric windows. We
also explored combinations of these factors that repre-
sent the likely conditions for large portions of the sur-
face of Venus (e.g., Ishtar Terra is 3-4 km above mean
planetary radius with an emissivity that may be felsic
or mafic). Then we estimated the altitude dependent
scattering footprint at the various sensor heights using
a method from Ashikmin et al. [7] that estimates spa-
tial blurring by examining the most probable paths.

Methods: We defined a surface viewing atmos-
pheric window as any wavelength at which 50% or
more of the detected signal comes from the surface.
We calculated the observed signal using the radiative
transfer equation. We assumed thermodynamic equi-
librium, which allowed use of the total extinction coef-
ficients from [5] also as the emission coefficients of
the atmosphere. Under Venus conditions, we generally
expect mafic rocks (e.g., basalt) to have emissivities

greater than 0.9, and more felsic rocks (e.g., granite) to
be less than 0.9 [8, 9, 10]. We modeled emission at
emissivities of 1.0, 0.95, 0.86, and 0.70. Sensor height
was varied in 10 km intervals from 10 to 100 km,
though we consider only the altitudes beneath the
cloud deck due to approximations used to construct the
total extinction coefficients we used. Surface eleva-
tions were 0 and 11 km, with surface temperatures of
735 and 650 K, respectively. The temperature profile
of [1] was used with 20 K added, and then with 20 K
subtracted from both the surface and temperature at all
altitudes to simulate changes in the temperature pro-
file that may occur at different latitudes [11].

We calculated the altitude-dependent scattering
footprint using a path integral approach as shown in
the equation below (1) [7]. This assumes that the
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spatial scattering, w, due to material in the scattering
medium can be approximated by the most probable
path. Spatial blurring is dependent on the absorption
coefficients («), scattering coefficients (b), path length
(S), and the mean square scattering angle («). We as-
sumed that the Venusian atmosphere beneath the cloud
deck causes only Rayleigh scattering of emitted light.
The absorption and scattering coefficients come from
Lebonnois et al. [5].

Discussion: The prospective windows are largely
expanded versions of previously identified windows
that have been exploited by satellites and ground-based
observatories. Figure 1 illustrates the results for our
nominal case, in which emissivity was unity, sensor
altitude was 40 km, surface elevation was 0 km, sur-
face temperature was 735 K, and the temperature pro-
file was that from [1]. Under these conditions, surface
viewing atmospheric windows occur at 0.758-0.867,
0.876-0.926, 0.940-0.942, 0.952, 0.958-1.033, 1.082-
1.109, 1.136-1.142, and 1.171 microns. Sensor altitude
and regional temperature variations had little effect on
identified windows. If the assumed emissivity is re-
duced from 1.0 to 0.7, then the total bandwidth for
which radiance from the surface exceeds the atmos-
pheric radiance drops by 32.3%. Simulating a surface
at 11 km elevation results in a 96.3% increase in total
bandwidth and a new window centered at 1.27 microns
as compared to the nominal conditions ( Figure 2).
Preliminary estimations of the scattering footprint are
on the order of several hundred meters in diameter.
This is approximately two orders of magnitude im-

1934.pdf



50th Lunar and Planetary Science Conference 2019 (LPI Contrib. No. 2132) 1934.pdf

provement in the scattering footprint compared to the Spectral Radiance as a Function of Wavelength
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stereo-derived methods [e.g., 13]. Figure 1. Surface vs Atmospheric emission for our nominal
Investigations by Helbert et al. [10] and Dyar et al. coiditior;s. There is approxinll)ately 0.27 microns of total band-
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or. Provided a clear determination of hematite or mag- :::g::}:g:;ﬁ; Zkm
netite, the redox state of the surface can be inferred 10° ——
from one of these bands based on the strength of the Atmasphere 5
emitted surface signal [12]. This would provide con- 510'1 i
straints on the past surface water inventory of Venus. £
Any lander or balloon mission should make use of 1.0, g
1.1, 1.18, and 1.27 micron windows as these provide a %
comprehensive ability to extract information about the g 107 p
surface from the night side. These windows have the g
potential to elucidate questions about the surface of gm"‘
Venus and its evolution through time. a
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