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Introduction:

In Meridiani Planum (about 354.47° E longitude,
—14.57° latitude), several instruments observed dust
optical depth at approximately the same time for
three Martian years. These include Mars Global Sur-
veyor/TES (at least for the beginning of MY27),
Mars Odyssey/THEMIS, Mars Reconnaissance Or-
biter/CRISM from space, mini-TES and Pancam
camera from MER-B “Opportunity” on the ground.
The same applies for Gusev crater, where MER-A
“Spirit” landed and operated (around 175.48° E lon-
gitude, —14.57° latitude).

There is a very good opportunity, therefore, to
carry out an inter-comparison of total dust opacities
retrieved at different wavelengths using different
instruments and different retrieval algorithms.

Systematic differences among the datasets can be
discovered and analysed in detail. The aim is to re-
concile different measurements by producing ad-hoc
“calibrations” at least at two locations on Mars (Me-
ridiani and Gusev), if the physical reasons for such
discrepancies cannot ultimately be found.

Another possible application of “calibrated” dust
opacities lies in the use of multiple datasets to build
time-evolving 2D maps of column-integrated dust
optical depth. These maps can then be used by nu-
merical atmospheric models (such as global circula-
tion and mesoscale models) as realistic dust scena-
rios for different Martian years, when a proper inter-
annual variability is requested (e.g. in the produc-
tion of the Mars Climate Database statistics, see Mil-
lour et al., 2008).

Dust Opacity Datasets:

We compared so far five different datasets of
column-integrated dust opacities, from five different
instruments:

e Mars Global Surveyor / Thermal Emission
Spectrometer (TES). See details in Smith
(2004). Dust opacities are retrieved from ob-
servations in the absorption-only infrared (wa-
velength around 1075 cm™’, or 9.3 pm), and we
multiply by a factor of 1.3 to pass to extinction
IR opacities (Wolff and Clancy , 2003)

e  Mars Odyssey / Thermal Emission Imaging
System (THEMIS). See details in Smith
(2009). The same consideration as above ap-
plies to dust opacities retrieved from THEMIS.

e  Mars Exploration Rovers A “Spirit” and B
“Opportunity” / Mini-TES. See details in Chris-

tensen et al. (2003). Opacities for this instru-
ment are retrieved from the infrared wave-
lengths around 1075 cm ™' (9.3 pm), same wa-
velengths as TES and THEMIS, but in extinc-
tion rather than absorption-only (they include
scattering)

e  Mars Exploration Rovers A “Spirit” and B
“Opportunity” / Pancam camera. See details in
Lemmon et al. (2004). Dust opacities for Pan-
cam cameras are given at the near-IR wave-
length of 880 nm

e  Mars Reconnaissance Orbiter / Compact Re-
connaissance Imaging Spectrometer (CRISM).
See details in Murchie et al. (2007).
MRO/CRISM dust opacities are retrieved
around the near-IR wavelength of 900 nm,
which compares directly to Pancam 880 nm
wavelength.

The datasets are not homogeneous, neither in the
frequency of observations in Meridiani or Gusev nor
in their spatial distribution. Observations are mostly
not simultaneous and not strictly at the same loca-
tion, therefore data have to be compared as tempor-
al-spatial averages rather than single observations.

Preliminary Results of the Comparison:

The inter-comparison carried out at Gusev crater,
the site where Spirit operates, shows a good agree-
ment among the five datasets.

Less so is the agreement among the five datasets
in Meridiani Planum, Opportunity’s site. In particu-
lar:

e two IR spectrometers from space (TES and
THEMIS) observe values of dust opacity as
low as 0.1 (in equivalent extinction) at the
summer solstice, on average.

e  An IR spectrometer (mini-TES) that measures
opacities from the ground observes values
mostly larger than 0.25 in spring/summer (on
average).

e A near-IR spectrometer from space (CRISM)
and a near-IR camera (Pancam) on the ground
agree quite well (on average) throughout the
seasons and years.

e  When IR (extinction) opacities are converted
into equivalent visible by multiplying by a fac-
tor 1.7 (Clancy et al., 1995, 2003, for a res
around 1.5), and all five instruments are direct-
ly compared, it seems clear that mini-TES,
Pancam and CRISM mostly agree, whereas



TES and THEMIS underestimate opacities by a
factor 2 in Northern summer (starting to di-
verge from the spring equinox).

The precise reason for this systematic disagree-
ment in summer between THEMIS/TES and the oth-
er instruments in Meridiani Planum is not well un-
derstood. Dedicated retrievals of TES, THEMIS and
CRISM dust opacities for the sites of Spirit and Op-
portunity should be carried out, before proper con-
clusions can be drawn. This would assure, for in-
stance, that the surface properties used during the
retrievals are consistently the same. Errors bars and
proper statistical analysis need also to be applied, in
order to understand whether what appears to be a
systematic disagreement in summer is indeed so.

At the moment, it seems unlikely, for instance,
that the differences at Meridiani are due to the ano-
malous presence of dust very close to the ground,
which is not seen by nadir-looking instruments, be-
cause 1) Spirit observed many more dust devils at
Gusev than Opportunity at Meridiani, which is not
consistent with the hypothesis that dust devils could
put more dust aloft in spring/summer at Meridiani,
and 2) if there was more dust on the optics of Pan-
cam and mini-TES at Meridiani, CRISM should not
agree so well with their measurements, at least in
principle.
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Figure 1: Comparison of retrieved total dust opaci-
ties among Spirit mini-TES, TES and THEMIS in
MY27, 28, 29 at Gusev crater. Mini-TES observa-
tions are averaged in the local time range 9h-14h and
within 1° areocentric longitude, THEMIS observa-
tions are averaged in a box 28°x28° in longitude,
latitude and 5° areocentric longitude, TES observa-
tions are averaged in a box 12°x4° in longitude, lati-
tude and 2° areocentric longitude. TES and THEMIS
absorption-only IR observations are converted to
equivalent extinction by multiplying by a factor of
1.3. Dust opacities are normalised at the reference
pressure of 610 Pa.
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Figure 2: Comparison of retrieved total dust opaci-
ties among Spirit Pancam and MRO/CRISM in
MY?27, 28, 29 at Gusev crater. Pancam observations
are averaged within 1° areocentric longitude, and
CRISM observations are averaged in a box 10°x10°
in longitude, latitude, and 5° in areocentric longi-
tude. Dust opacities are normalised at the reference
pressure of 610 Pa.
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Figure 3: Comparison of all the five datasets at Gu-
sev crater. TES, THEMIS equivalent extinction and
mini-TES extinction IR observations are converted
to equivalent visible by multiplying by a factor of
1.7. Pancam and CRISM opacities in the near-IR are
already close to mean visible opacities, so no multip-
licative factor is used. Dust opacities are normalised
at the reference pressure of 610 Pa.
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Figure 4: Same as Fig. 1, but using Opportunity
mini-TES, TES and THEMIS at Meridiani Planum.
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Figure 5: Same as Fig. 2, but using Opportunity
Pancam and CRISM at Meridiani Planum.

Rl TTaY27 T ! TTY28 T ! Y28 T T
Ei — Pancam "Oppartunity” 1
FL— THEMIS

Fio—— TEs

A

Y1 h ’\u é
W MM W‘";m ) ‘“‘»«m_x.«»uf“'l /»Jm\ “W‘E
Y (IS . S T

360 90 180 270 360 90 180 270 360 90 180 270 360
Areacentric longitude (degrees)

Equivalent visible dust opacity @ 610Pa

Figure 6: Same as Fig. 3, but using all the datasets
at Meridiani Planum.

Building Dust Scenarios for Models:

The first step to build time-evolving 2D maps of
column-integrated dust opacities to be used as dust
scenarios in atmospheric models is to characterize
the level of agreement (or disagreement) among all
the datasets that are going to be used. This is the
main reason why reconciling disagreements among
the datasets at Meridiani and Gusev is of primary
importance.

Once different datasets (e.g. those mentioned in
this paper) have been “calibrated”, 2D maps of time-
varying dust opacity are built according to the fol-
lowing steps:

e MGS/TES dust opacity observations in MY24
(from L=141) and MY25 (until L;=141) are av-
eraged using a 15° L running window. Missing
data in the polar night regions are replaced by an
opportune constant value.

e Using kriging interpolation, we produce maps of
equivalent background dust opacity for MY27,
28 and 29, based on re-normalised MGS/TES da-
ta in MY24/25 (we use Spirit and Opportunity
time series for opportune re-normalisation).

e We “assimilate” all available dust opacity obser-
vations in MY27, 28 and 29, using the maps de-
scribed before as background. We use a simpli-
fied formula to weight the information produced
by each observation in space and time.

Future Work:

Apart understanding the origin of the systematic
disagreement showed in this paper at Meridiani, fu-
ture work might include in the inter-comparison oth-
er two dust opacity datasets, namely Mars Ex-
press/Planetary Fourier Spectrometer (PFS) and
MRO/Mars Climate Sounder (MCS). PFS retrievals
have very recently become publicly available. At the
moment, there are issues about saturation of dust
opacity values above a certain threshold, but if there
are available observations at Meridiani and Gusev
that can be used in the comparison, they will be in-
cluded. The same applies to MCS column-integrated
opacities, although there are only few observations
in the day side at Equatorial latitudes.

References:

Clancy, R. T., S. W. Lee, G. R. Gladstone, W.
W. McMillan, and T. Rousch, A new model for
Mars atmospheric dust based upon analysis of ultra-
violet through infrared observations from Mariner 9,
Viking, and Phobos. J. Geophys. Res. 100, 5251—
5263, 1995

Clancy R. T., M. J. Wolff, and P. R. Christensen,
Mars aerosol studies with the MGS TES emission
phase function observations: Optical depths, particle
sizes, and ice cloud types versus latitude and solar
longitude. J. Geophys. Res. 108E9, 2003

Christensen, P. R., and other 19 co-authors, Mi-
niature Thermal Emission Spectrometer for the Mars
Exploration Rovers. J. Geophys. Res. (Planets) 108,
8064-+, 2003

Lemmon, M.T., M.J. Wolff, M.D. Smith, R.T.
Clancy, D. Banfield, G.A. Landis, A. Ghosh, P.H.
Smith, N. Spanovich, B. Whitney, P. Whelley, R.
Greeley, S. Thompson, J.F. Bell III, S.W. Squyres,
Atmospheric Imaging Results from the Mars Explo-
ration Rovers: Spirit and Opportunity. Science 306,
1753-1756, 2004.

Millour, E., and the MCD/GCM Development
Team. The latest (Version 4.3) Mars Climate Data-
base. Third International Workshop on The Mars
Atmosphere: Modeling and Observations, held No-
vember 10-13, 2008 in Williamsburg, Virginia. LPI
Contribution No. 1447, p.9029

Murchie, .S, and 40 co-authors, Compact Recon-
naissance Imaging Spectrometer for Mars (CRISM)
on Mars Reconnaissance Orbiter (MRO) J. Geophys.
Res. (Planets) 112, E11, 5-+, 2007.

Smith M. D., Interannual variability in TES at-
mospheric observations of Mars during 1999-2003.
Icarus 167, 148-165, 2004.

Smith, M., B., THEMIS observations of Mars
aerosol optical depth from 2002-2008. Icarus
doi:10.1016/j.icarus.2009.03.027, 2009.

Wolff, R. T.., and P. R. Clancy, Constraints on
the size of Martian aerosols from Thermal Emission
Spectrometer observations. J. Geophys. Res. 108,
5097—+, 2003.



