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Venus is a key planet for better understanding the mechanism of the differentiation of the 
planetary environment. Major scientific issues are classified as: 
 
1. Climate system and stability 
   - Cloud amount and high albedo 
   - Superrotation 
   - Volcanism and atmospheric escape 
 2. Climate evolution 
   - Ancient Venus 
   - History of water 
 
ESA’s Venus Express covers broad science topics and found new features including: 
high-altitude enhancement of SO an SO2, high-altitude enhancement of D/H ratio, long-term 
variation of SO2 mixing ratio, radio bursts from lightning, detailed structure of polar dipole, and 
possible detection of active volcanism. JAXA’s Akatsuki will explore the global-scale dynamics 
of Venus. In spite of these achievements, most of the fundamental questions raised so far on the 
Venusian climate are left unsolved. Specifically, the chemical and dynamical processes that 
control cloud formation and the stability of atmospheric composition are still unclear. This is 
firstly attributed to the lack of observations of key radicals driving catalytic cycles such as ClO 
and HO2 and key reservoirs such as HCl and ClONO2. The abundance O2, which determines the 
ways of the oxidation of SO2 to H2SO4 (main component of clouds) and the reduction to Sx 
(possible condensation nuclei for cloud formation), is also unknown. The fluid dynamics that 
exchange air between the photochemically-driven upper atmosphere and the 
thermochemically-driven lower atmosphere across clouds are also key processes controlling the 
atmospheric composition and cloud formation.  
 
A future Venus orbiter mission focusing on the climate system is under discussion. The goal of 
the mission will be to understand photochemistry, cloud physics and vertical transport processes 
inside and above clouds. Satellite-to-satellite radio occultation using a sub-satellite enables 
three-dimensional observations of the temperature field and the H2SO4 vapor distribution. Data 
assimilation using those temperatures and numerical models would allow reproduction of the 
four-dimensional dynamical field. A sub-millimeter sounder measures abundances of key trace 
gases both in limb- and nadir-viewing geometry. We also consider studies of atmospheric 
escape based on the observation of the composition in the lower thermosphere by the 
sub-millimeter sounder and the observation of the three-dimensional ionospheric density by 
satellite-to-satellite radio occultation, together with in-situ observations of escaping species.  
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Akatsuki : Venus mission for comparative 
planetary meteorology
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