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To date, comparisons of Mars General Circulation aerosol takes into account the evolving aerosol size distribu-
Model (MGCM) simulations with spacecraft infrared obser- tion.
vations have generally focussed on the zonal mean tempera-  Figure 1 shows a comparison of the observed and
ture structure and derived wind fields [1, 2, 3]. The recent simulated amplitude of ;&) corresponding to the VL1 site
identification of, and accounting for a surface radiance bias during the 1977 dust storm season. We imposed a rapid,
in the Viking IRTM 15um radiances has enabled atmos- episodic injection of dust into the lowest model atmosphere
pheric 0.5 mb (~25 km) temperaturdssj to be recovered layer in a manner similar to that in previous dust storm stud-
[4] providing a fresh look at the data. In this presentation, we ies [5, 6]. The correspondence between the simulated and

consider the evolution of the diurnal variationTg§ during observed semidiurnal tide amplitude and phase following the
the rise and subsequent decay of two major dust storms ob-1977b global dust is very good. There are distinct differ-
served by the Viking spacecraft1977. The profound influ- ences in the semidiurnal tide following the 1977a global dust

ence of aerosol heating on the temperature structure of thestorm. The simulation was conducted with a zonally-uniform
atmosphere is evident in the increase in diurnally averagedaerosol source, allowing the model circulation to determine
temperature and in the prominence of the thermal tides fol- the preferred regions for efficient dust lofting. The Solis
lowing storm initiation. The dust storm events are also re- Planum and Hellespontus regions are favored during the
flected in the record of surface pressure, opacity, and near-1977b global dust storm simulation, in general agreement
surface temperature at the two Viking Lander sites, VL1 and with observations. We speculate that the simulated aerosol
VL2. The semidiurnal tide provides an effective measure of distribution during the onset phase of the 1977a dust storm
aerosol heating as a consequence of the broad meridionabiffers from the actual distribution so that the tide amplitudes
scale and large vertical wavelength of the dominant mode of (and phases) only achieve a good match after the aerosol
response to sun-synchronous semidiurnal thermal forcing. becomes more uniformly mixed in space. We will report on
The focus on thermal tides provides a basis for relating the simulations that explore the influence of more localized dust
observed atmospheric response to estimates of thermotidaraising.

forcing due to aerosol heating. We refer to the semidiurnal
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Figure 1. Semidiurnal Tide Amplitude at VL1 during
the first Mars year.

We present MGCM simulations of the evolution of the 0 4 8 1216 20 240 4 8 12 16 20 24

IRTM temperatures and the surface pressure observations as
a means of gaining insight into the state of the atmospheric 160 180 200 220 240

thermal, dynamic and aerosol fields. The simulations have

been carried out with a comprehensive MGCM developed at Figure 2. IRTM (top) and MGCM (bottom];s plotted

the Geophysical Fluid Dynamics Laboratory. We have ex- as a function of latitude and local time for the 1977a (left)
amined a range of assumptions about the injection of dustand 1977b (right) dust storm periods.

into the lowest atmospheric layer and compared the resulting

simulated atmospheric temperature response with the obser-  Figure 2 shows the diurnal variation Bfs for a period
vations. The simulations employ a resolved particle size following the 1977a dust storm and for a period at the height
distribution representing particles ranging from 0.1 to 4.0 of the 1977b dust storm. The correspondence between the

um. The calculation of solar and IR heating rates due to simulated and observed temperatures is quite good for both
dust storm periods. In particular, the character of the tidal
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response is faithfully captured by the MGCM simulation. In leads to a realistic simulation of the polar warming that was
each case, there is a prominent semidiurnal temperaturecoincident with the 1977b global dust storm [3, 9, 10].
variation at tropical latitudes that is evidently consistent with The dissipating stage of the two dust storm simulations is
the agreement between the observed and simulatedcharacterized by a dust distribution that is evolving toward
semidiurnal surface pressure variation. There is also a strongsmaller particles. It is interesting to note that the amplitude
diurnal tide in the IRTM data at extratropical latitudes. This of the simulated semidiurnal tide in Fig. 1 continues to de-
signal is much stronger for the 1977a storm (and peaks fur- crease, falling below the level of the observed tide after

ther poleward) than for the 1977b storm, although the (ob- 360. Depending on the presence of sufficient small particles,
served and simulated) thermotidal forcing is stronger in the the simulatedr,s temperatures can remain too warm relative
latter case. This difference in response is a consequence ofo the decaying IRTM temperature. A weak, but steady in-
different zonal flows as has been confirmed with linear tide jection of mainly large particles into the atmosphere well
model calculations. The 1977a storm simulation indicates a after the 1977b storm has relatively little impact on The
residual westerly flow in the Southern Hemisphere while the temperature but provides for a more realistic forcing of the
1977b storm simulation is characterized by easterly flow in semidiurnal surface pressure oscillation. This also maintains
the summer hemisphere. Hence, the diurnal tide response is @ low altitude size distribution that is more realistiith the
consequence of both the strength of the thermotidal forcing dominant contribution from opacity due to Juf particles.

and the transmission characteristics of the atmosphere. TheThis is an important consideration for simulating the climate
simulated Hp) is in excellent agreement with the observa- of the aphelion season, a period that is evidently character-
tions for both periods shown in Fig. 2. ized by a relatively unchanging aerosol distribution.

The close agreement between model and observation for In summary, we have found that close quantitative
both theT;sand $(p) makes a strong case that the thermo- agreement can be demonstrated between MGCM temperature
tidal forcing due to aerosol has been reasonably well simu- simulations and spacecraft data. We have additionallgd
lated. We propose that the simultaneous satisfaction of thefurther support for the correction for a saaé radiance bias
Tis and surface tide data place a strong constraint on thein the IRTM Ty5 temperatures [4]. We propose that this com-
aerosol evolution. We have found that the presence of largeparison represents the best quantitative agreement between
particles are necessary to obtain the initially large but rapidly observations and models to date. This provides confidence in
decaying §P) amplitudes observed at VL1 immediately the use of models for interpolating/extrapolating observed
after the onset of each simulated storm. These particles raptemperature fields and in synthesizing varied observations.
idly fall out, leaving intermediate particles (fiin) to supply The MGCM provides self-consistent dynamics and aerosol
the bulk of the radiative heating. This result is broadly con- fields, which enable detailed studies of the model circulation.
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the pole was noted in Wilson [3] and attributed to zonal-

mean meridional motion induced by the thermal tides. The

model circulation indicates a pole-to-pole circulation that



