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Spatial and temporal distribution of extinction and microphysical
properties in the upper haze of Venus
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Bing'?*?, YU Hai-Xiao™’, WEI Yi-Chen'?*?, WANG Yu-Xuan®’, WANG Yu-Yao™’
(1. School of Environmental Science and Optoelectronic Technology, University of Science and Technology of
China, Hefei 230026, China;
2. Anhui Institute of Optics and Fine Mechanics, Hefei Institutes of Physical Science, Chinese Academy of
Sciences, Hefei 230031, China;
3. Key Laboratory of Optical Calibration and Characterization Technology, Chinese Academy of Sciences, Hefei
230031, China)

Abstract: Variations of extinction and microphysical properties in the upper haze of Venus will affect the chemistry and
radiative balance of the Venus atmosphere. To study their spatial and temporal distribution, solar occultation data from
Venus Express SPICAV SOIR instruments between 2006 and 2013 were analyzed. The absorption effects of the Venus'
middle and upper atmosphere were first removed using MODTRAN modeling. The extinction profiles of the upper haze
between 67 ~ 92 km were then retrieved using the onion-peeling method. The results show that: 1) The extinction coef-
ficient of the upper haze generally decreased with increasing altitude. Large variations existed between different re-
gions. The extinction at low latitudes increased sharply early in the mission and the average extinction coefficient of
haze changes slightly between day and night. The vertical optical depth of the haze layer was on the order of 10%. 2)
The number density of the upper haze decreased with increasing altitude. From south to north pole, the number density
first increased and then decreased. 3) Cloud top altitude is higher in low-latitude regions at 82. 7 + 5. 8 km, whereas in

W fs B H#5:2023- 10- 30, & B H A : 2023- 12- 19 Received date:2023- 10- 30, Revised date:2023- 12- 19

EETE SURFHE RUFR B0 H (E23YOHS555S1) 5 fii2s B G152 5 H (62502510201)

Foundation items: Supported by Aerospace Science and Technology Innovation Application Research Project (E23YOH555S1) ; Aviation Science and
Technology Innovation Application Research Project (62502510201)

1’E$féjfl\(3i0graphy) CAEEAT (1997 — ) PN BEVE PG 4 R IE A BT A0 S AT B O R B e S e AR ME AT . E-mail :
lyq9710@mail. ustc. edu. cn

" 1@ i4EZH (Corresponding author) : E-mail: xbsun@aiofm. ac. cn



2 AN/ RS9 S g o

XX &

polar regions cloud top altitude is lower with the the northern polar region at 73. 3 + 2. 4 km, and the southern polar re-

gion 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 1 Schematic diagram of solar occultation observation
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Fig 2 Example of a spectrum obtained during an occultation (January 29, 2013, selected diffraction order order 149, orbit num-

Iy

ber 2475). Each transmittance is obtained by calculating the ratio of the solar spectrum seen through Venus' atmosphere to the unat-

tenuated solar spectrum measured above the atmosphere.
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Fig 3 The triangle ( A ) represents a solar occultation. The total number of observed occultations is 226. Most of these data were
obtained from 2006 to 2013 at high latitudes.
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tion and mixing ratio

& BRI SIR A5y Mixing Ratio
CO, 96. 5%
H,0 31. 18 ppmv
CO 21.53 ppmv
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gas absorption at 90km
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Fig 5 Gas transmittance in the middle and upper layers of Venus calculated by MODTRAN at 90 km (order 149)
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Fig 6 Examples of gas transmittance T, red broken line) , observed transmittance (T, blue broken line) and haze transmittance

(T,.. yellow broken line), corresponding to the observation results obtained on Jan 17, 2013. (order 149, orbit 2463)
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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 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 ar-
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