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Introduction: The current climate of Mars is punctuated by annually-recurring regional-scale, and occasional global-scale, dust events where dust is lifted into
the atmosphere and transported by the circulation. In the
atmosphere, dust absorbs short-wavelength solar radiation, reducing the amount of sunlight reaching the surface, and increasing down-welling long wavelength radiation [1,2]. On the surface, dust influences the albedo
and thermal properties, hence the energy absorbed, by
brightening soils, darkening ices, and thermally insulating the surface due to its low thermal inertia [3,4].
Widespread changes in albedo, associated with surface dust redistribution, have been observed over seasonal-to-multiannual timescales based on the analysis of
spacecraft observations [4–7]. However, the amount,
rate, and spatial variability concerning this redistribution of dust is not well understood. Visible images and
albedo datasets offer limited constraints in the amount
of dust redistributed.
Here, we use observed surface temperatures acquired from orbit to constrain changes in dust coverage
and/or thickness from one Mars year to the next. Visible
datasets only provide a lower limit on dust added or removed due to the sensitivity of reflectance and small
amount of dust (i.e., microns in thickness). Temperature
data can be used to generate an upper limit to dust thickness. Substantial amounts of dust (~1 mm) are required
to significantly affect surface temperature (e.g., >1 K).
Theoretical climate models predict interannual changes
in surface dust coverage, but vary substantially in the
amounts and locations of redistributed dust [8–10]. Our
analysis using temperature data helps us understand
global dust transport, the initiation of dust storms, and
the overall climate of Amazonian Mars.
Methodology: The redistribution of surface dust
can result in changes in albedo and/or thermal insulation, which are expressed in the surface temperature signal. Thermal emission from the surface has been measured from orbit by the Thermal Emission Spectrometer
(TES; specifically bolometer temperatures) and Mars
Climate Sounder (MCS; specifically B1 brightness temperatures), combining for over 10 Mars years (Fig. 1).
For both TES and MCS temperatures, PM (1–3 PM)
and AM (1–3 AM) data are binned into 15° LS windows, which provides sufficient global coverage binning at 1°×1° latitude by longitude spatial resolution.
Global temperature and albedo maps are differenced

from one another and analyzed (see [3]). TES also provides calibrated broadband albedo, acquired simultaneously with surface temperature, and are processed in
similar fashion. Due to the higher emission angle of
MCS and the enhanced contribution of the atmosphere,
PM MCS data are highly variable and are excluded in
our analysis. Differences in temperature or albedo is interpreted in the context of dust redistribution. Here, we
show results for global dust events in MY24 (TES) and
MY35 (MCS). Including both TES temperature and albedo aids in interpreting MCS data, for which we do not
have a complimentary albedo dataset.
We simulate the expected temperature change in response to observed albedo changes with TES, or
changes in local time coverage (TES and MCS). Temperature predictions are made by interpolating within a
4D lookup table of surface temperatures created using
the KRC thermal model [11] with dimensions of latitude, thermal inertia, albedo, and local time. Values of
thermal inertia are adopted from [12].

Figure 1. Zonally-averaged surface temperatures from
MY24–28 (TES) and MY29–35 (MCS), binned 1° latitude and 15° solar longitude. The top and middle panel
show PM and AM temperatures, respectively. The bottom panel displays their difference or the diurnal range.
Note the major dust events in MY25 and MY34.

52nd Lunar and Planetary Science Conference 2021 (LPI Contrib. No. 2548)

Results: Interannual changes in albedo and surface
temperature were calculated from TES data before and
after the MY24 global dust event (Fig. 2). Extensive areas of change are observed south of the Tharsis Montes
and Valles Marinaris, in and around Hellas basin, and in
Syrtis Major. With respect to albedo changes, results are
consistent with previous work [3,5]. The PM temperature changes inversely correlate with albedo change.
AM temperature changes are lesser in magnitude but
show a similar geographic pattern.
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Figure 3. Global map of MCS AM surface temperature
change. Data show interannual changes from MY34 to
MY35 during season LS=0°–90°.
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Figure 2. Global maps of interannual change in TES
(top) Albedo (middle) PM surface temperatures (bottom) AM surface temperatures. Data show interannual
change from MY24/25 to MY25/26 during season
LS=330°–30°. Note the smaller AM temperature range
and the similarities between PM and AM temperature
maps.
Interannual changes in surface temperature are also
observed by MCS before and after the MY34 global
dust event (Fig. 3). There are two defined temperature
anomalies in AM maps identified in Hellas (decrease),
and NW Arabia Terra (increase).

Conclusions: We produced global maps of temperature change using over 10 Mars years of surface
temperature data from two instruments, TES and MCS.
We identified interannual dust sources and sinks before/after global dust events in MY25 and MY34.
Observed AM temperature anomalies, where thermal insulation should be more impactful, can be explained by a changing surface albedo. This is supported
by our simulated temperature analysis using TES albedo
as input (not shown). Because changes in thermal insulation are not required to explain the anomalies, we can
infer the thickness of dust redistributed is thinner than
the diurnal thermal skin depth of dust (i.e., <1 mm).
The magnitude and extent of interannual temperature changes associated with the MY25 storm is not observed in subsequent Mars years, though changes are
identified surrounding the MY34 event (Fig. 3). This
implies less extensive or less extreme changes in surface
albedo, which would correspond to less dust being distributed, consistent with climate model predictions [10].
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