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Spatial and temporal distribution of extinction and microphysical
properties in the upper haze of Venus
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Abstract: The variations in extinction and microphysical properties in the upper haze of Venus have a significant impact
on the chemistry and radiative balance of its atmosphere. In order to study their spatial and temporal distribution, we an-
alyzed solar occultation data from the Venus Express SPICAV SOIR instruments between 2006 and 2013. To remove the
absorption effects of the middle and upper atmosphere of Venus, we used MODTRAN modeling. Then, we retrieved
the extinction profiles of the upper haze between 67-92 km using the onion-peeling method. Our findings are as fol-
lows: 1) The extinction coefficient of the upper haze generally decreases with increasing altitude, but there are signifi-

cant variations between different regions. In low latitudes, the extinction increased sharply early in the mission, and the
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average extinction coefficient of the haze showed minimal changes between day and night. The vertical optical depth of

the haze layer was approximately 10°. 2) The number density of the upper haze decreases with increasing altitude.

From the south to the north pole, the number density first increases and then decreases. 3) The cloud top altitude is

higher in low-latitude regions at 82.7 + 5. 8 km, while in polar regions, it is lower with the northern polar region at

73.3 £ 2. 4 km and the southern polar region at 79. 5 = 3. 5 km. The average scale height of the upper haze layer in the

northern polar region is 4. 0 £ 0. 9 km.

Key words: Venus atmosphere, upper haze, MODTRAN modeling, onion-peeling method, extinction coefficient,

number density
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Fig 2 Example of a spectrum obtained during an occultation
(January 29, 2013, selected diffraction order order 149, orbit
number 2475). Each transmittance is obtained by calculating
the ratio of the solar spectrum seen through Venus' atmosphere

to the unattenuated solar spectrum measured above the atmo-

sphere.
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Table 1 Venus atmosphere absorption gas composi-

tion and mixing ratio

& B RSZEWIR SRS Mixing Ratio
co, 96. 5%
H,0 31. 18 ppmv
(o0) 21. 53 ppmv
SO, 127. 053 ppmv
HClI 0.4 ppmv
0Cs 7.1 ppmv
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Fig4 “Slant Path to Space” observation geometry diagram
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Fig 5 Gas transmittance in the middle and upper layers of Ve-
nus calculated by MODTRAN at 90 km (order 149)
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2011-06-29T02-42-21-980 orbit 1895 order 149 Extinction Profile

—— Extinction (Onion Peeling Method)
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T LR ZR s 1], T D't R BT 1R 225K 35. 24%

Fig 7 Example of the extinction profile inverted by the onion
peeling method on June 29, 2011 (order 149 orbit 1895), the

average error of the extinction coefficient is 35. 24%
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(a) Extinction Profiles at Order 149 in 2006
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Fig 9 Extinction profile of the upper haze on Venus from 2006 to 2013 (the blue polyline represents the Arctic region, the green

polyline represents the Antarctic region, the orange polyline represents the mid-latitude region, and the red polyline represents the

low-latitude region, the diffraction order is 149) : Figs (a) ~ (h) represent the extinction profiles of Venus’ upper haze from 2006 to 2013 re-

spectively.
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Fig 10 Changes in the extinction coefficient of Venus’ upper
haze with latitude, orbit number, and altitude from 2006 to
2013
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Fig 11

Changes of the extinction coefficient with time in the upper haze in the Arctic region of Venus from 2006 to 2013: (a) The

study area is between 70 "N~80 °N and an altitude of 75 km; (b) The study area is between 80 “N~90 °N and an altitude is 75 km; (c) The study area
is between 70 °N~80° N, at an altitude of 85 km; (d) The study area is between 80 °N~90 °N, at an altitude of 85 km
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Fig 12 Changes in the extinction coefficient with time of the upper haze in the low latitudes of Venus from 2006 to 2013: (a) The
research area is at 20 °S~20 °N, at an altitude of 75 km; (b) The research area is at 20 °S~20 °N, at an altitude of 85 km
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Changes in the vertical optical thickness of the haze
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tations)
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Fig 16  Vertical optical thickness of the haze layer on Venus
changes with latitude and day and night from 2006 to 2013
(red circles represent morning occultations, blue triangles rep-

resent night occultations)

Latipy g, - 25

50

75 70

K17 2006~2013 45 1) 4 B - J23 5 50 B 1 1) 25 ) A1 (il
O RRRAE X, 2 (0 AU B AR X, B (0 3 Th 4
HoIX, 20 AR A LX)
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the Arctic region, green dots represent the Antarctic region,
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sent low-latitude regions)
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