Seasonal variations of gravity and
continental water storage
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Introduction

* Most geodetic observations show large annual or
seasonal variations which are most likely due to
changes of continental water storage.

 Computing the gravity changes due to continental
water storage using hydrology model, to compare it
with SG observations.

e Taking glaciers in the Mont Blanc area for an example,
shows that the influence of gravity variations and
ground deformation from ice thinning.
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Superconducting gravimeter
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Modeling seasonal gravity changes

* Low pass filter 0.33 cycle/day

* Other contributions

1. solid Earth tides
ocean tidal loading
pole tide
atmospheric loading
non-tidal ocean loading

SR i

Continental water storage loading



1. solid Earth tides

e Using Dehant et al. (1999) Love numbers and
Hartmann and Wenzel (1995) tidal potential.
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2. ocean tidal loading

* Computing from NAO99b tide model.
(Matsumoto et al., 2000)
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3. atmospheric loading

e Using NCEP (National Centers for
Environmental Prediction) Reanalysis surface
pressure fields, following Boy et al. (2002).

Atmospheric Loading
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4. pole tide

* Using daily Earth orientation parameters

provided by the IERS (International Earth

Rotation Service).
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5. non-tidal ocean loading

* Using bottom pressure outputs from the ECCO
(Estimating the Circulation and the Climate of
the Ocean) general circulation model.
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6. Continental water storage loading

* LaD (Land Dynamics)model willy and Shmakin (2002)
» Spatial : 1° /temporal : 1 month

Soil Moisture and Snow Loading
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Summary

* May be due to some local effects or the poor
spatial resolution (1°) for islands like Japan.

* The contribution of the continental water
storage changes (soil-moisture and snow) to
gravity variations is one of the largest on
seasonal timescales.
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lce thinning data

e 1979-1994: 1 £ 0.4m/yr
e 1994-2000: 2.9 £ 1.1m/yr
e 2000-2003: 4.1+ 1.7m/yr  Berthieretal. (2004

* On the average over 24 years, it is
approximately 2m/yr.



Modeling

* Half-space model :

(kg/m3)
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Farrell (1972)

e Spherical model
spherically symmetric, non-rotating, and
elastically isotropic (SNREI) Earth model

Dziewonski and Anderson (1981)



* Aabs(R, 0) = Ga - Gs
* Arel(R, 0) = A abs/Ga
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Conclusions

* Half-space approximation is sufficient to
model the Earth deformation on the local

scale.
* Taking into account the topography of both

the surrounding ice-free regions and glaciers is
necessary to estimate the magnitude of the

gravity variations.



