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• Introduction:
Several Venusian Global Climate Models (GCMs) are currently developed around the world. To explore the robustness of these

Venus GCM results in the thermosphere, an inter comparison project has been set up, to explore the similarities and main differences
between the USA VTGCM developed by S. Bougher and A. Brecht (VTGCM; [1]), the Japanese VTGCM developed at Tohoku University
(TUGCM; [2]), and the IPSL Venus GCM (LMDZ; [3]). Although the GCMs describe the same environment, they are different in many ways,
especially because of the characteristics of the model or the parameterization of the physical processes. This study should lead to a better
understanding of the importance of parameterization in physical processes as well as a better understanding of the controls of these
processes.

This study will focus on the upper mesosphere and the lower thermosphere, which corresponds to a pressure between 100 Pa and 10-6
Pa, and the simulations will all have the same solar conditions (Extreme Ultraviolet) of 70 solar flux unit (s.f.u) and 200 s.f.u. Here, we will
focus on the thermal and composition structure.

Data (used for VEXAG): Temperature (Venus Express, Pioneer Venus, ground-based instruments), Composition (PV, VEX),

A. Martinez(1)., A. S. Brecht(2), H. Karyu(3), S. Lebonnois(1), S. W. Bougher(4), T. Kuroda(5), Y. Kasaba(3), G. Gilli(6), T. Navarro(7), H. Sagawa(8)

1:LMD/IPSL, Paris, France, 2: NASA Ames Research Center, MS 245-3, Moffett Field, CA, 94035, USA. 3: Department of Geophysics, Tohoku University, Sendai,
Japan. 4: CLaSP, University of Michigan, 2418C Space Research Building, Ann Arbor, MI, 48109, USA , 5: Department of Geophysics, Tohoku University , 6:
Instituto de Astrofísica de Andalucía (IAA-CSIC), Glorieta de la Astronomía s/n, 18008 Granada Spain, OAL, Tapada da Ajuda, PT1349-018 Lisboa, Portugal, 7:
University of California, Los Angeles CA, USA. 8: Department of Astrophysics and Atmospheric Sciences, Kyoto Sangyo University.



Brief presentation of the GCMs
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Brief presentation of the GCMs
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NLTE: tabulated heating rates 
from line-by-line model 

results in Roldan et al. 2000 Multiband fitted adjusted on Roldan et al., 2000

Measurement of laboratories on Earth: 
𝑘 = (1 − 6) 10  𝑐𝑚 𝑠



Vertical profile of temperature / Dayside  

• Venus Express (VEx) observations revealed that VIRA is not
representative of the atmosphere of Venus above 100 km

• VTGCM, LMDZ and TUGCM are consistent compared to
averaged temperature profiles observed by Venus Express
and ground-based instruments.

• Daytime temperature shift of about 5-10 km above 130 km
altitude.
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Figure: LMDZ (IPSL Venus GCM; red), VTGCM (USA VTGCM; blue)
and TUGCM (Japanese VTGCM; green) temperature profiles
compared to averaged temperature profiles observed by Venus
Express and ground-based instruments in the dayside.
.

E10.7[GCM] =70 s.f.uGCMs vs Temperature measurements



NIR heating rate and 15 microns radiative cooling rate

The differences in the dayside temperature profile between the different models are mainly
due to differences in the NIR heating rate and the cooling rate. Although both VTGCM and LMDZ are
based on Roldan et al. 2000, the cooling efficiency of LMDZ appears to be lower than for VTGCM,
forcing a reduction in the NIR heating rate in compensation.

VEXAG - 2021/11 - Antoine Martinez 5

Vertical profile of the NIR heating rate and the 15 microns CO2-O cooling rate for several local time.

E10.7[GCM] =70 s.f.u

E10.7[GCM] =70 s.f.u



Exospheric temperature at 𝟔

• PV-ONMS: (Pioneer Venus Orbiter
Neutral Mass spectrometer) Retrieved
temperature from the height scale of
the Oxygen density.

• Good agreement of VTGCM and TUGCM
with temperatures at night.
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E10.7[GCM] =200 s.f.uGCMs vs Retrieved Temperature



Influence of EUV flux on exospheric temperature

• PV-ONMS: (Pioneer Venus Orbiter Neutral
Mass spectrometer) Retrieved temperature
from the height scale of the Oxygen density.

• E10.7 : Solar Irradiance Plateform (formely
SOLAR2000; Tobiska et al., 2000.)

• 𝑃𝑉 − 𝑂𝑁𝑀𝑆 = 0.48 𝐾. 𝑠𝑓𝑢

• 𝐿𝑀𝐷𝑍 = 0. 71 𝐾. 𝑠𝑓𝑢

• 𝑉𝑇𝐺𝐶𝑀 = 0.69 𝐾. 𝑠𝑓𝑢

• 𝑇𝑈𝐺𝐶𝑀 = 0.84 𝐾. 𝑠𝑓𝑢
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GCMs vs Retrieved Temperature

Tobiska et al., 2000. J. Atmos. Solar-Terres. Phys. 62 (14), 1233–1250.
https://doi.org/10.1016/S1364-6826(00)00070-5
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Figure: LMDZ (IPSL Venus GCM; red), VTGCM (USA VTGCM; blue)
and TUGCM (Japanese VTGCM; green) temperature profiles
compared to averaged temperature profiles observed by Venus
Express and ground-based instruments in the nightside.
.

GCMs vs Temperature measurements

Vertical profile of temperature / Nightside and Terminator  

Figure: LMDZ (IPSL Venus GCM; red), VTGCM (USA VTGCM; blue)
and TUGCM (Japanese VTGCM; green) temperature profiles
compared to averaged temperature profiles observed by Venus
Express and ground-based instruments in the terminator.
.



CO density & CO production rate

• Good agreement between VTGCM CO density and PV-ONMS
CO density at noon.

• Difference between the three GCM CO density may be
explained by the CO production rate in the dayside.
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E10.7[GCM] =200 s.f.u

E10.7[GCM] 
=200 s.f.u

VIRTIS-H : Venus Express (~70-120 s.f.u)
ONMS:  Pioneer Venus (~180-250 s.f.u)



Vertical profile of Zonal Wind

• Longitudinal symmetry
(asymmetry) of zonal wind
intensity for LMDZ and VTGCM
(TUGCM).

• Zonal winds at terminals twice
as much for LMDZ as VTGCM in
the thermosphere.
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GCMs Comparison



Zonal Wind U at 𝟑

• Different wind coverage according to
GCMs

• Longitudinal symmetry (asymmetry) of
zonal wind intensity for LMDZ and
VTGCM (TUGCM).

• Zonal winds at terminals twice as much
for LMDZ as VTGCM in the
thermosphere.
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GCMs Comparison



Vertical profile of wind acceleration due to Non-Orographic Gravity Waves or Rayleigh friction

• Here, VTGCM utilizes Rayleigh Friction (so no gravity
waves parametrization). It is prescribed as [exp((p-
po)/2)]*1e-4, where po=zp=-1.5. This is applied on
zonal and meridional winds, fixed in time, and varies
horizontally by cos(latitude).

• The low wind deceleration is probably a cause of the
high wind intensity for LMDZ.

• The lack of wind deceleration in the thermosphere
for LMDZ can lead to a temperature increase on the
night side via dynamic processes.
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GCMs Comparison

E10.7[GCM] =70 s.f.u


