Joint inversion of time-variable elevation and
gravity to reveal seasonal and inter-annual
changes of the volume density of Martian snow

S (GrovIiy)T=
Weight -

Volume _
(mpogr‘crp'ri\/)‘

Density =

Hokkcudo Umv Sapporo Japan % e
K0J|~N\a‘rsuo & Kosuke Heknx 1

—_— b 7 4 ——_ ¥
R N 4& ™ -

-,

v

7--

.

NazA

www.jpl.nasa.gov



Gravity (2way Doppler) / Topography (MOLA)

MOLA
10HZz/1.064um
Accuracy < 1 m
Footprint 168 md
Spacing 300 m

Mars

2-way Doppler
7.9/8.4 GHz

10 second interval
Accuracy < 0.1 mm/s

Mars Global Surveyor



Gravity / topography model with
spherical harmonics
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Polar elevated terrain
(water ice + dust) Residual ice cap
(water ice)
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Elevation Change Ah (meters)
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Altimetric J; vs Gravimetric J;



AITimeTr'iC J3

Calculation of Stokes' Coefficients from snow depth data
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Gravimetric J;

Odd zonal harmonics changes the argument of pericenter

\dt

51,=61,+1.266)c+131 63, +1.255Jg + ...
(Konopliv et al., 2006)



Change in Normalized Coefficient

Gravimetric J;
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Delta-J3 (10°)

Density (g/cm?)

Comparison between gravimetric and altimetric J;
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Snhow pack becomes denser

Hokkaido Univ. (Sapporo)

in winter
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Hachikubo, A. et al., Report of pit-wall observations of snow cover in
Sapporo 1996-97, Low Temperature Sci., Ser. A., Data Report, 56, 1-8, 1997
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Estimation of time-variable snow density
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Grid-search for the crocus day
Epoch setting for time-variable snow density
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Delta-J3 (10°%)

Density (g/cm?)
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Estimation of time-variable snow density
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Estimation of time-variable snow density
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Latitude
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MGS/TES Dust Opacity
M. Smith et al, JGR, 2001.
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Possible sources of error
(for absolute value of density)

Neglect of coefficients higher than J,
Jgis ~10 % of J; Up to 20 % (overestimate p)

Seasonal variation of atmospheric pressure
Can be assessed with global circulation models  [EAREEARI RS

Mars Deformation due to snow load : influence in gravity

Load Love number kj-? Up to 10 % (underestimate p)

Mars Deformation due to snow load : influence in
measured snow depth

Load Love number hj-? Less than 1 %
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