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Mass changes in polar ice sheets from low-degree gravity field by SLR
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The majority of the land ice on earth lies in Antarctica and Greenland as continental ice sheets. Recent climate changes ha
brought about the significant ice melting in these regions. The space mission of Gravity Recovery and Climate Experimen
(GRACE), launched in 2002, enables direct measurements of such mass losses over extensive areas. According to the GRA(
observation during 2003-2010, the polar ice sheets experienced mass loss at the rates "390 Gt/yr, amounting to “70% of the to
ice loss globally in the same period (Jacob et al., 2012). These massive and extensive mass losses can also be detected by
Satellite Laser Ranging (SLR) technique. Although limited in spatial resolution, the SLR data have been available for a longer
time span of 1991-2011. Here we calculated the changes in the earth’s gravity field using the monthly Stokes coefficients up t
degree and order 4 estimated from both SLR and GRACE. Then we corrected the results for the contributions of Glacial Isostati
Adjustment using the model of Paulson et al. (2007). Between 2003 and 2011, the linear trend map of the gravity field from
SLR shows significant negative patterns in Greenland and Antarctica, agreeing well with that from GRACE. However, seen from
SLR data, the gravity trend map between 1991 and 2011 shows different behaviors: near-balance in Greenland prior to 20C
and shifting to decreasing afterwards. The gravity in West Antarctica also shows similar trends as Greenland, but that in Eas
Antarctica shows opposite trends. These results imply that the mass balances in the polar ice sheets might be affected by sol
decadal climate variability.
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The Tono Research Institute of Earthquake Science (TRIES) has been operating absolute gravity measurement since 20(
with Micro-g LaCoste FG-5 absolute gravimeter. From the beginning of the observation, gravity values do not show variation
larger than 10 micro Gals. The excavating of two vertical shafts and horizontal caves for research in Mizunami Undergrounc
Research Laboratory (MIU) is the largest action. It has been carried out by Japan Atomic Energy Agency (JAEA) since 2004
The shaft excavation site is vicinity of two gravity measurement stations, MGA and TGR. The drawdown of water depth level
accompanying the excavation is observed around the site. Besides, the leveling which has been carried out since 2004 detec
at most 17 mm subsidence near the TGR gravity station. The artificial topographic change might be also effective. We examine
the gravitational effect of such environmental changes around our stations.

The effect of the tunnel excavation is estimated based on a detailed drift way model, which was provided by JAEA. The
original model is prepared as a wire frame data. We arranged the wire frame model to the grid data. Then we adopted the meth
of Banerjee and Gupta (1977), which calculates the vertical component of the theoretical attraction force of rectangular prism.

The artificial topographic change took place near the TGR station. It was the elimination of crest and the infill of a channel.
The effect of the topographic change is estimated by Digital Elevation Map (DEM). The latest DEM is provided by Geographical
Survey Institute of Japan (GSI) as a 5 m grid model. We made an old DEM by digitizing altitude contours of the 1:1000 map of
Mizunami city, which was published in 1986. The difference of the two DEM is employed to the attraction force calculation.

The detected subsidence was simply applied to a free-air gravitational effect. As a result, the total gravity change estimate
for these various environmental changes was less than 5 micro Gals. The remaining problem is the change of the ground wat
level. We must explain the mechanisms of large ground water level change, which does not affect gravity values.

Banerjee, B. and S. P. D. Gupta (1977): Gravitational Attraction of a Rectangular Parallelepiped, Geophysics, 42, 1053-1055
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Numerical estimations of hydrological gravity changes at Cibinong, Indonesia with em-
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