
Wave Activity on Mars

Viking Orbiter Images
Viking temperature profiles: Leovy 2001
MGS thermospheric densities: Keating et al, 1998
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Mars Topography from MGS
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Earth
Lower atmosphere (0-20 km)

NIR (H2O) 
Latent heat release of deep convection

Middle atmosphere (30-60 km)
UV (O3)

Upper Atmosphere (above 90 km)
UV (O2)
EUV  (O2, N2,  O )
Exothermic ion and neutral gas chemistry
Collisional heating
Auroral heating
Joule dissipation of ionospheric currents
Molecular dissipation of upward 

propagating waves

Mars
Visible radiation by ground
Lower atmosphere (0-50 km)

IR (Dust)
Solar (Dust)

Middle atmosphere (50-100 km)
NIR (CO2 ) 

Upper Atmosphere (above 100 km)
UV (CO2, O2)
EUV  (CO2,O2,  O )

Tidal component of the circulation plays a more 
important role on Mars due to its reduced 
atmospheric mass (about two orders of 
magnitude less than that on Earth)

Doppler shifts of the tides by the mean winds are 
expected to be larger on Mars than on Earth.

Phase speed = 450 m/s Earth
250 m/s Mars

Tides

Non-migrating Tides
Longitudinal Inhomogeneities Solar Forcing

Spatial distribution of absorber
Topography

Non-linear Wave Interactions
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Diurnal Temperature Amplitudes
Ls=300, LMD GCM



Wave in a local time frame of reference:
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Density Comparison: LMD GCM vs. MGS Data
Ls = 65, Z = 115, Lat = (-10°, 20°), Lt = 15

Angelats i Coll, M., et al, 2004



LMD Simulation
Ls = 65, Z = 115, Lat = (-10°, 20°), Lt = 15

(without longitudinal mean)

(1/24, 1) + (1/24, 2) + (1/24, 3)

(1/12, 2) + (1/12, 3) + (1/12, 5) + (1/24, 5)
Angelats i Coll, M., et al, 2004



Zonal Mean Winds
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Zonal Means for Ls = 65
Temperature and Zonal Wind

Angelats i Coll, M., et al, 2004



Winter Polar Warming

Forget, F., et al., 1999



Gravity Wave Sources
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Body forcing by wave dissipation

Wave-wave interactions

Auroral heating
Eclipse cooling

Near-surface thermal contrasts
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Shear instabilities 
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Adjustment of balanced flow (jet streams/fronts)

� �
� �

� �
� �

Convection: Dry

Latent Heat Release
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Topography

MarsEarth



Lower Atmosphere Effects: Gravity Waves
Ls=270, Solar Medium Conditions

Zonal Wind
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Given comparable values for mean winds, those on Mars Doppler-shift the wave frequencies by two-fold.  

Time constant for dissipation in comparison with wave’s period tells us the possible effect of dissipation on 
the wave.  If the time constant for dissipation is shorter than the period, then dissipation has an effect on 
the wave.

Atomic oxygen collisions are especially effective in exciting CO2 vibrational states and thus in enhancing 
the radiative cooling where NLTE prevails.  This effectiveness depends on O densities and kCO2-O collisional 
energy transfer rate coefficient
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Wave Dissipation
Molecular diffusion
Molecular viscosity and conductivity
Ion drag
Radiative damping
Eddy viscosity and conductivity



Dust Storm

MGS Thermal Emission Spectrometer (TES) data

Hellas Basin: 9-km deep impact crater



Lower-atmosphere Influences:
Dust Storms

Modified from Bougher, S., et al., 1999

Keating, G., et al., 1998
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• Relative contribution of various tidal forcing

• Tidal contribution to the zonal mean structure

• Gravity wave spectrum and its effect on the upper atmosphere

• Interactions between tides, planetary waves and gravity waves

• Molecular dissipation of tides and its effects on the zonal mean structure of the 
thermosphere

• Effects of nonmigrating tides on the mean circulation, thermal and compositional 
structure of the thermosphere

• Nonlinear wave interactions as a source for nonmigrating tides

• Limited measurements of [O] to constrain radiative damping in the models

• No wind measurements in the upper atmosphere

Some Outstanding Issues


