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Implementation of the formation/extinction processes of sulfuric acid clouds and
atmospheric chemistry into a VGCM
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Venusian sulfuric acid cloud deck exists in the altitude of 50km-70km. The distribution of clouds is affected by the meridional
circulation, and in turn affects the atmospheric general circulation on Venus through the radiative effects of clouds. Therefore
understanding the nature of the formation, extinction and transport of Venusian sulfuric acid clouds is important for the study
of atmospheric circulations on Venus. However, the distributions of clouds implemented in previous VGCMs (Venus General
Circulation Models) have assumed to be constant based on the observations, as well as their radiative effects. The simulatiol
that takes into account the effects of the temporal and spatial variations of clouds on the atmospheric dynamics have not bee
performed yet.

We have developed a system to reproduce the distributions of clouds and to investigate the interactions between atmosphe
circulations and distributions of clouds. Up to now, we have implemented the transport, condensation/evaporation and the growt
of sulfuric acid aerosols into a VGCM based on the CCSR/NIES/FRCGC AGCM [lkeda, 2011]. Note that the results of the cloud
distributions should affect the thermal distributions by radiation, but at this stage, the thermal distributions are assumed to b
constant as well as the former code. In the previous version [Kato, 2014], the results of sulfuric acid vapor did not reproduce
the observational fact that the SO2 mixing ratio rapidly decreases at the altitude about 40km, therefore the distribution of cloud:
extends to unrealistic lower altitude. In the update code, we show the effects of chemical processes that decompose the sulful
acid vapor. In our simulations, the horizontal resolution is set to T21(about 5.6 degree) and the vertical grid consists of 52 sigma
levels from the surface up to "95km of altitude. We implemented the chemical reactions (1) -(4) listed below.

SO, +0+M->S0; + M, (1)

SO; + H,O + H,O ->H, SOy + H, 0, (2)

H,SO4 + HO ->S0O; + H,O + H, O, (3)

SO; + CO =>S0, + COy, (4)

In the results so far, we could reproduce the vertical profile of sulfuric acid vapor mixing ratio consistently with observations:
In the lower altitude, the K50, mixing ratio rapidly decreases below the cloud layer (about 40-45km altitude). In the cloud
deck, the peak of their mixing ratio became “65km in the model with chemical processes as observations, while "55km in the
model without chemical processes. We could also reproduce the extinction,adr@iFormation of sulfuric acid vapor in the
upper cloud region (about 67-75km altitude), and the formation of &@l extinction of sulfuric acid vapor in the lower cloud
region (about 50km altitude). This is consistent with the formation/extinction processes suggested by a two-dimensional model i
Imamura and Hashimoto [1998]. In this paper, we will also show further the analyses of the interactions between the meridiona
circulation and formation of sulfuric acid clouds, as well as the trace afI3£D distributions.

After the completion of self-consistent reproductions of sulfuric acid clouds in our VGCM, we will add the thermal effects of
on the atmospheric general circulation on Venus.
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SO, +O+M - SG; +M, (1)

SO; +HyO+H,O - HySO; +H50, (2)

H,SO; +H,0O - SO; +H,O+H,0, (3)

SO, +CO - SO, +CO,, (4)
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