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Report of activities: ​
The ASHEE volcanic plume column model[1] was successfully used in the hot and 
dense Venusian environment. This is the first time that a transient 3D plume model was 
applied to Venus.  
​
As input, vertical profiles of the temperature, pressure, zonal winds and density have 
been extracted from the Venus Climate Database[2]. Based on a 1D column eruption 
study[3], conditions at the vent were selected to study a stable plume, a collapsing 
plume and a partially collapsing plume. The dynamics of such explosive volcanic 
eruption scenarios was studied by varying wind shear, plume volatile mass fractions 
and composition, pyroclasts grain size distribution, vent height, and magma 
temperature. The specific heat of Venusian atmosphere has been modeled both as a 
constant and a function of temperature, as already done in 1D[3]. In total 20 simulations 
were performed in the local and national HPC. 
  
With the 3D ASHEE Large Eddy Simulations model, one can free oneself of 
parametrization of entrainment and resolve the vertical propagation of a volcanic 
plume, resolving transient dynamics and partial collapses. Under extreme vent 
conditions (mass flow rate, exit temperature and velocity), the 3D plume can reach the 
clouds (48-70 km), as seen in Fig. 1, both with and without wind shear. There are 
significant discrepancies between the height reached by the plume in 1D versus 3D. 
This could mean that the parametrization of entrainment valid for the Earth 
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atmosphere is not valid for the Venus environment. New entrainment coefficients will 
be established. For different conditions at the vent, there is either a total collapse of 
the plume, a partial collapse, or the generation of a secondary plume from the 
collapsing ash cloud. The impact of the ash solid particle on the radar reflectivity will 
be quantified. This study will lead to a peer-reviewed publication.  
 

 
Figure 1 - Instantaneous fine ash bulk density equal to 2 mg/m3 iso-surface of a plume 
without (left) and with wind shear (right) 
 
A parametrisation for volcanic plumes will be extracted from ASHEE simulations, to be 
used in the 1D Venus Planetary Climate Model[4] to establish the impact of such an 
eruption on the observable cloud chemistry. The impact of water and sulfur dioxide 
injection on the clouds will be studied with a comprehensive photochemical model. 
The results will be compared to the decadal variation of sulfur dioxide measurements 
at 70 km[5]. This study will lead to a peer-reviewed publication. 
 
Volcanic eruptions generate a spectrum of waves in the atmosphere, from infrasound 
to gravity waves. The characteristics of those waves were never established for 
Venus. With the ASHEE model, these waves are resolved, as the gravity waves seen in 
Fig. 2. This study will lead to a peer-reviewed publication.  

 
Figure 2 - Instantaneous vertical cross-section of the temperature perturbation (left). 
Instantaneous height of the 250 K temperature level (right) 
 



The study of the exotic, hot, sulphur cycle of Venus is a priority of the European, U.S. 
and international scientific community, with the observations of active volcanism the 
primary target. The ESA’s EnVision, and two NASA missions, DAVINCI and VERITAS, 
were all three selected to launch around 2031. The result of this project will be crucial 
for the community, and orders of magnitude of several key parameters (plume height 
and concentration, ash dispersion, gravity waves amplitude, …) will be estimated.  
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Project outcomes: 
The data generated by the ASHEE model are stored in the online database doi: 
10.82554/sdl-441.493​
Four papers are in the writing phase to be submitted to open-access peer-reviewed 
journals. 
The results of the project will be presented at several international 
workshops/conferences: VenSpec meeting in Mars 2026 and EPSC 2026. 
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