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Introduction: Intercomparisons of simulations of 

Venus' atmospheric circulation using different numerical 
models show widely varying responses for similar input 
forcings, which are not well explained [1]. Since Venus' 
atmosphere exhibits significant superrotation, examina-
tion of the angular momentum budget is important for 
understanding Venus' atmospheric dynamics. Inter-
model differences may be related to the way dynamical 
cores behave with respect to angular momentum conser-
vation. The angular momentum budget was investigated 
within the LMD (Laboratoire de Meteorologie Dy-
namique) Venus atmosphere model dynamical core [2] 
and found to be reasonably well conserved under the 
conditions studied. However, information on angular 
momentum conservation has been lacking for other Ve-
nus models.  

Simulations: In this study, we investigate the terms 
that are forcing the evolution of angular momentum 
within the LMD and NCAR CAM (National Center for 
Atmospheric Research Community Atmosphere Model) 
Venus general circulation models. In the LMD simula-
tions we use a full radiation code, with a diurnal cycle 
and a boundary layer scheme which has been updated 
since the simulations discussed in [2]. For the CAM 
comparison, we use the most recent CAM 5 version of 
the code, with an idealized linear surface friction and 
idealized temperature forcing. We investigate the effects 
of using the second order and fourth order divergence 
damping schemes within CAM 5 (these schemes are 
discussed in [3]) and examine sensitivity to changes in 
the magnitude of the diffusion coefficient in each case. 
For both the LMD and CAM models we determine the 
angular momentum balance with and without surface 
topography. In the analysis of the angular momentum 
budget we include the physical torques due to surface 
friction and the topography, as well as unphysical 
torques due to horizontal dissipation, an upper boundary 
sponge layer, and any residual numerical torque due to 
the dynamical core.  

We show that a realistic atmospheric circulation re-
quires that the physical forcing due to mountain torque 
and surface friction are larger than the torques due to the 
sponge layer, numerical diffusion and any residual nu-
merical terms, which should all be negligible. Our inves-
tigations suggest that when there is weak forcing, for 

example when there is a simple linear surface friction 
without topography, the diffusion and residual numerical 
torques dominate and give unphysical results for the 
atmospheric circulation.  

Examples: Figure 1 shows the variations of the total 
angular momentum tendencies simulated by the CAM 5 
model with 4th-order divergence damping, without to-
pography, over 10 Venus days. Figure 2 shows the cor-
responding variations with realistic topography included. 
In both cases the diffusion coefficient has been given 
1/10 of the CAM 5 default value. The line colors repre-
sent the following quantities: black, temporal derivative 
dM/dt of total angular momentum, M; dark blue, moun-
tain torque; light blue, surface friction; gray, sum of all 
torques, to compare with dM/dt; green, sum of residual 
torques from dynamics + horizontal dissipation + sponge 
layer. The corresponding zonally-averaged zonal winds, 
time-averaged over the last three Venus days of the 
simulations, are shown as a function of latitude and 
height in Figures 3 and 4, for the cases without and with 
topography respectively. In the case without topography 
(Figure 1) where there is a weak interaction between the 
surface and the atmosphere due to a simple linear surface 
friction, the changes in angular momentum over time are 
mainly controlled by changes in the residual numerical 
terms. When there is a stronger surface atmosphere in-
teraction due to the presence of topography (Figure 2) 
the angular momentum variations are closely related to 
the variations in the mountain torque. Variations due to 
residual numerical torques are still significant, but are 
not the dominant source of changes in angular momen-
tum. Our results suggest that the angular momentum 
budget should be considered carefully within all Venus 
atmosphere circulation models in order to generate 
physically realistic solutions. 
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Figure 1: Angular momentum tendencies for the CAM5 
simulations with 4th-order divergence damping, without 
topography, with the diffusion coefficient reduced to 0.1 
times the default value. 
 
 

 
 

 
 

 
 
Figure 2: Angular momentum tendencies for the CAM5 
simulations with 4th-order divergence damping, with 
topography, with the diffusion coefficient reduced to 0.1 
times the default value. 

 
 
Figure 3: Zonally-averaged zonal winds for the CAM5 
simulation with 4th-order divergence damping, without 
topography, with the diffusion coefficient reduced to 0.1 
times the default value. 
 
 
 
 
 

 
Figure 4: Zonally-averaged zonal winds for the CAM5 
simulations with 4th-order divergence damping, with 
topography, with the diffusion coefficient reduced to 0.1 
times the default value. 
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