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 Summary 
 
Permafrost generally and in Siberia (Russia) especially plays a key role for global hydrological mass transport, climate 
change and the eco-system of the Earth. In this study, surface and sub-surface mass variations in the Siberian permafrost 
region based on the gravitational approach from GRACE mission are estimated, and investigated to what extent the mass 
transport estimates are reliable and realistic. In addition, we quantify and asses the signal errors and its contributions to 
the integral mass variations in Siberia including error bars and determine to what extent GRACE mission can provide mass 
variations which are caused by permafrost changes including permafrost thawing. 
 

 Gravity Recovery And Climate Experiment (GRACE) Mission 
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 GRACE Data & Processing 
 

Fig. 3: Mass variations in Equivalent Water Thicknesses (EWT) 

in April 2015 [after applying a Gaussian filter (radius 350 

km), replacing C20 and using a de-striping filter] 
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Fig. 2: Secular trend [mm/a] in terms of Equivalent Water Thickness 

(EWT) using GFZ-RL05a after applying 1D-isotropic Gaussian 

filter with a radius of 350 km + C2,0 replacement from SLR 

solutions + order-wise de-striping above order 15 in the period of 

2002-2015 

Fig. 1: GRACE (known as Tom and Jerry) is a joint mission of NASA and 

the German Aerospace Center (DLR), launch March 2002 to map 

gravitational anomalies and to study climate changes [Source: 

NASA] 

Vilyuysk station Study region 

Fig. 4: Global uncertainty estimation of GRACE mass variations 

in mm EWT after applying Gaussian filter with a radius of 

350 km 

Fig. 7: Uncertainty estimation of GRACE 

mass variations in mm EWT after 

applying a Gaussian filter with a radius 

of 350 km in the permafrost region of 

Siberia 

Fig. 6: Hydrological mass variations in mm 

EWT at the Vilyuysk station for the 

period of 2002–2015 including 

uncertainty estimation after applying 

all corrections 

Fig. 5: Secular trend estimation in the 

permafrost region of Siberia in the 

period of 2002 – 2015, after applying 

all corrections 

 GRACE is a joint US-German satellite, launched 
17.03.2002 

 It maps the monthly gravity anomalies up to 
thousand times more accurate than previous maps 
since March 2002 

 Mapping of the Earth’s gravity field (static and time 
variable) is based on making distance 
measurements between GPS and GRACE (with an 
accuracy of cm) and between GRACE A <-> GRACE B 
(with an accuracy of micro-meter) 

 Processing of GRACE data in different analysis 
centers in Europe (e.g. GFZ-Potsdam in Germany) 
and in the USA (e.g. Center for Space Research at the 
University of Texas at Austin, UTCSR) 

 Atmospheric, Oceanic, Hydrological, Ice and Solid 
(AOHIS) variations 

 Atmospheric and Oceanic variations are removed 
during pre-processing of GRACE raw data 

 Hydrological, Ice and Solid variations can be 
measured based on GRACE post-processing process 

 Dominant signals in different regions are estimated 
for example.: 

• Ice losses in Greenland and Western 
Antarctica 

• Land uplift due to Glacial Isostasy 
Adjustment (GIA) effect in the 
Fennoscandian region and Canada 

• (Sub-)Surface hydrological mass variations 
in the permafrost region of Siberia in Russia 

 Gravity variations  

 New release of GRACE gravity field solutions of GFZ (RL05a)  up to degree/order 90, time span from  2002-04 to 2015-04 

 C2,0 has been replaced for all solutions based on newly released SLR solutions  

 1D isotropic Gaussian filter with a radius of 350 km is applied to GRACE monthly solutions (Jekeli, 1981) 

 Estimation of secular trend and periodic contributions with 161-day, annual, 2.5- and 3.7-year periods 

 Estimation of global and regional uncertainties in terms of mm EWT for GRACE L2  products 

 Discussion 
 
 Correction of short & long wavelengths has a significant impact on the mass variation estimation. 

 Lower latitudes are suffering more than higher altitudes in terms of accuracy of permafrost thawing.  

 The max. accuracy of 4 mm EWT in northern part and 8 mm EWT in southern region are achievable.   
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