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Introduction

In this study which is a follow-up of [1], we use the most recent version of the ground-to-
thermosphere VPCM [2] that includes an ionosphere model, ambipolar diffusion and nitrogen
chemistry [3]. This tool allows us to investigate and identify in 3D potential mechanisms responsible
for the observed variability in Venus’s atmosphere, in the region between 80 km and 130 km
altitude. NO and O2(Δg) airglows, are commonly used to shed light on the global dynamics and
circulation patterns above 90 km. Their characteristics are a combination of horizontal, vertical
transport and chemical net reactions [1,4].

We performed sensitivity tests of unconstrained parameters (e.g. gravity waves drag and eddy
diffusion vertical profile) to evaluate the impact on the dynamical structures, O number density,
temperature and O2(Δg) nightglow characteristics. These results depict possible scenarios useful to
interpret future EnVision observations of trace compounds in those mesosphere layers currently
poorly constrained, and not fully explained by current 3D models.

 

Motivation of this study 

Modeling the region between 80 and 130 km, that marks the transition between superrotation
regime in the deep atmosphere and the day-to-night circulation in the thermosphere, is a key step
towards understanding the processes governing Venusian dynamics. Recent V-PCM improvements
presented in [2] and [3] focused on Venus’s atmosphere above 130 km, and performed a
comprehensive validation of model results with PVO, Magellan and VEX observations in the
thermosphere and ionosphere. However, those model developments, together with ad-hoc tuning of
parameters (see [2] for details) to fit observational data, changed dramatically the global circulation
in the transition region in comparison to [1], as illustrated in Fig. 1. It was therefore necessary to
carry out a follow-up to the study by [1].



Figure 1: Zonal wind around the equator (latitude 20ºS-20ºN) in local time and altitude predicted by
the V-PCM in [1] (leftside) and [2,3] (rightside).

 

Sensitivity tests of unconstrained parameters of gravity waves

Among the processes studied here, gravity waves are an important source of variability, but they
remain extremely poorly constrained by observations. Non-orographic gravity waves are generated
in the convective layer of clouds. They will propagate upwards where they will eventually break
above 90 km, injecting their momentum into the mesosphere/thermosphere, which will affect wind
circulation. In this abstract, we present the cases of two key parameters: the initial amplitude of the
GW and the dissipation parameter. In our scheme, the dissipation parameter ensures that the waves
are dissipated before reaching the top of the model, and is intended to mimic the dissipation of GW
at high altitude.

We found that this region (80-130 km) is very sensitive to the unconstrained parameters used in the
non-orographic gravity wave parameterization implemented in the V-PCM [2,4]. For instance, the
remnant superrotation (~100 m/s) simulated by the V-PCM peaks between 100 and 125 km,
depending on the amplitude of non-orographic GW (see Figure 2). Decreasing the initial GW
amplitude seems to reduce the retrograde supperrotative component between 90 and 110 km
altitude.



Figure 2: Zonal wind profiles around the anti-solar point simulated with the reference V-PCM [2,3]
(in black) and varying the maximum EP-flux amplitude in the GW parameterization by a factor x5
(EPmul5) and /5 (EPdiv5).

Figure 3 shows simulated zonal wind between 80 and 160 km in the equatorial region as function of
local time for several GW configurations. By varying this diffusion parameter by a factor of 0.1 to
100 around our reference value, we see that the larger this parameter, the lower the altitude at
which gravity waves begin to dissipate, as expected. However, this explored range of Rdiss values
had no effect on the horizontal and vertical positioning of the O2(Δg) emission peak around 100 km.
We found, however, a reduction in RSZ remanent around 110 km and larger zonal winds at the
terminators with increasing Rdiss (see Fig. 3). This is also associated with an increase in
temperature around the antisolar area, linked to an increase in adiabatic heating caused by a
stronger downward vertical wind.



Figure 3: Zonal wind in local time and altitude predicted by VPCM tuning GW parameters (Rdiss is
the diffusion parameter and EPflux is the amplitude of the non-orographic GW).
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