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1. Motivation:

- GRACE (Gravity Recovery
and Climate Experiment),

- Mapping the Earth’sime-variable
gravitational field 2002-2017),

E._:.'.e:"-:-. —
- Altitude: ~460 km (above the Earth’s
surface),

\

NASA Stations

- Spatial resolutionseveral 100 km, TR RO
Poker Flat™ . Spitzbergen :
- Temporal resolution=1 month. Ol

Science Data System Mission Control o A
(CSR/IPL/GFZ) ¢ (DLR-GSOC) Wedllheim "'f:,":,{,,,
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- Revolutionary applications (geodesy, geophysics, hydrology, glaciology
oceanography, ...),

- GRACE-FO launched in 2018 to extend GRACE time series,

- Methodology, processing, and background geophysical models
continuously improve,

- Standard approach for surface mass determination by Wahr et al. (199t
IS based on the spherical approximation of the Earth,

- More realistic geometry, such as ellipsoidal, has to be coesider
for accurate modelling and geoscience applications.

e'rls 1. Motivation
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2. Theory:

A) Spherical surface mass (Wahr et al. 1998):

R o0
O'S<R,Q0, _ pave Z Z
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2n+1
1+kn

Y, m(2:)

Geometry.

Notation:
o — sphericalsurface mass,
R,, A — sphericalgeocentric coordinates

P.e — averagedensity,
k> — spherical Love number,
C> ., — spherical harmonic coefficient,

Y _ — surface (spherical) harmonic functic

n,m

2. Theory,
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B) Ellipsoidal surface mass (Ghobadi-Far et al. 2019):

abp N 2n+1 1 =
oc(a,b,6,\)= 2o Co. Y. .(5,A
o ) 3,/0? + (8 — b?)sin’3 ;o,;nHkEm T.n(ab ™" " (5:)
Geometry:. Notation:
ct, oz — ellipsoidal surface mass,

a — semi-major axis,
b, 3,\ — ellipsoidal geocentric coordinatt
kt ., — ellipsoidal Love number,

T _ — auxiliary function,

n,m

C:., — ellipsoidal harmonic coefficient.

2. Theory
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3. Numerical experiments:

- Spherical vs. ellipsoidal approach for computing surface oesg)e rate
(linear trend),

- GRACE Level 2 monthly gravitational fields by the Center for Space
Research (Bettadpur 2012), 2003-2015, RL06, up to d/o 60,

- Corrected for GIA (A et al. 2012), geocenter motion (Swenson 2088B),
C, o from SLR (Cheng et al. 2013),

- Spherical surface mass changes calculatd®l=®378136.3 m,

- Ellipsoidal surface mass changes calculated @ EGMO08 refezips®id
(a=6378136.3 mh=6356751.6 m).

ens 3. Numerical experimenf
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A) Spectrum of the surface mass change rate

Degree amplitudes Relative difference
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B) Surface mass change rate in Antarctica

Spherical approach Ellipsoidal minus spherical Relative difference
cm/year
10 5

cm/year %

Absolute value of the signal
> 10 cml/year
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C) Surface mass change rate in Greenland

Spherical approach Ellipsoidal minus spherical Relative difference
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4. Conclusions:

- We developed aigorous ellipsoidal approach for the determination
of the surface mass from the external gravitational field,

- The spherical approach by Wahr et al. (1998) underestimates theesurfa
Ice mass change d¥-15% in Antarctica and Greenland,

- Source codes implementing the ellipsoidal approach are available
to potential users.

More details can be found in:

Ghobadi-Far K, Sprlak M, Han S-C (2019) Determination of ellipsoidal surface mass cha
from GRACE time-variable gravity data. Geophysical Journal International 219(1):248-2¢

e'rls 4. Conclusion
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