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Take home messages: 

 Wetting: Continuous& Discontinuous  

 Drying:  Sporadic  

 Stronger TWS & runoff connections in 
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Motivation 
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Study questions: 

 

• What are the dominant patterns of terrestrial water variability in southern 

Siberia?  

• Does warming climate affect permafrost condition? 

• If so, how does permafrost degradation influence hydrological processes? 



Terrestrial water variability 
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Wetting VS. drying 



Change patterns of TWS 

5 

EGU General Assembly 2021                                                      
26th April 2021 | HS2.5.2 | Li Han 

Figure. First four modes of the empirical 

orthogonal functions (EOFs) of the 

reconstructed GRACE TWS (GRACE-

REC*), explaining almost 80% of the total 

variance.  

 

 

The first mode (EOF1, 50%) provides the 

most dominated feature of the spatial 

distribution of TWS, indicating the strong 

wetting and drying contrast between the 

northern and southern basins. 

*GRACE-REC data from Humphrey, V., & Gudmundsson, L. (2019). Earth System Science Data, 11(3), 1153-1170. 
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Change patterns of water availability 
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Drying Wetting 



Change patterns of water availability 
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Drying Wetting 

• 30-yrs trends in runoff and TWS are mainly controlled 

by precipitation. 

• Different inter-annual variability of runoff and TWS 

among each basin may reflect warming-associated signal. 



Changing permafrost condition 
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Degrading permafrost under climate warming 
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Warming in southern Siberia 
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Background map: Earth’s average global temperature from 2013 to 

2017, as compared to a baseline average from 1951 to 1980.  

Credit: NASA’s Scientific Visualization Studio. 

Temperature increased 2.7 °C/60yrs (Regional average) 

Significant warming in 

southern Siberia, especially 

after the middle 1980s. 

EGU General Assembly 2021                                                      
26th April 2021 | HS2.5.2 | Li Han 



Changing permafrost condition 
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Figure. The spatial distribution of the long-term average of thawing index (TI). The first column is the mean value from 1954-

2013 period, the second column is the average differences between two periods before and after 1984 (i.e., the 1954-1983 and the 

1984-2013), and the last column is the distribution of the long-term average during these two periods for each catchments. The left 

and right violins represents the distribution of the long-term average during 1954-1983 and 1984-2013 periods, respectively. 

Thawing index (TI) is calculated based on the Stefan methods .   

Cite: Frauenfeld, O.  et al., A Journal of the Royal Meteorological Society, 27(1), 47-63. (2006) 



Changing frozen soil condition 
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0°C isotherm of MAAT (1954-1983) 0°C isotherm of MAAT (1984-2013) 

Northward migration of permafrost! 

Figure. The spatial distribution of mean annual air temperature (MAAT) during 1954-2013, the black contour represents the 0 °C isotherm of 

MAAT during 1954-1983, and the blue contour denotes the 0 °C isotherm of MAAT during 1984-2013. 



Permafrost modulation on hydrology 
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How does permafrost degradation affect hydrological 

processes? 



Permafrost modulation on hydrology 
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Permafrost modulation on hydrology 
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Permafrost modulation on hydrology 
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Permafrost warming: 

 Deepening active layer 

 Decreased permafrost extent  

Increased connectivity 

between surface 

and subsurface 
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TWS & runoff connections 
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Correlation: TWS & Runoff 
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Hydro-climatic connections 
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Precipitation & Runoff 
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Increased importance of 

subsurface system in 

runoff generation 

Figure. Correlations between 

annual TWS & runoff, TWS & 

precipitation, precipitation & 

runoff,  respectively. 



TWS & runoff connections: seasonal correlations 
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Spring Summer 

Autumn Winter 

Figure. Correlations between TWS and 

runoff  at seasonal scale 

Similar patterns 

between summer and 

annual correlation 

provide evidence for 

enhanced surface and 

subsurface connections 

during melting season  



Summary and future prospects 
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• In southern Siberia, continuous and discontinuous permafrost region 

are becoming wetter, while sporadic permafrost region gets drier; 

• Warming climate during melting season triggers permafrost 

degradation; 

• Degrading permafrost induces enhanced connectivity between 

surface and subsurface water systems; 

• Other satellite data for evaluating soil moisture and snow water 

equivalent should be included to separate the partition of 

groundwater in the TWS. 
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Thanks for your attention! 

If anyone has questions or comments, please do not 

hesitate to contact me! 

 

Contact: li.han@uni-heidelberg.de 
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