
Hydro-thermodynamics: Hydrological Modeling with Soil Thermal Dynamics



In general, permafrost mainly occurs at latitudes higher than 60°N and is most abundant and continuous 
throughout Alaska, the northern portions of Canada, parts of Greenland, and a large portion of Eastern Russia and 
Siberia. It also occurs sporadically in alpine regions in lower latitudes such as the Himalaya, the Alps, the Rockies, 
and even in the tropics in portions of the Andes and on Mount Kilimanjaro above 16,404 feet (5,000 m).

Permafrost is land that remains frozen (at or below 32°F or 0°C) for two or more 
consecutive years. Permafrost covers about one-fifth of the earth's land surface.
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Influence of temperature profile on hydraulic conductivity

SE is relative fraction of liquid water

T ≤ 0 ◦C

T ≥ 0 ◦C

(Brooks and Corey, 1964)
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Physical processes

Numerical equation 
of heat transfer in 
GIPL

Numerical equation 
of soil moisture in 
GSSHA
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Coupling architecture
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Initial conditions and boundary conditions

Site-based and Satellite-based

‘SERVES Method’ (Pradhan, 2019)
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Simulated results of soil profile heat transfer 

Time-series of observed and simulated temperature
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Freeze/Thaw
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https://doi.org/10.3390/w11010116
Seasonal Freeze-Thaw Cycles
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Long-term simulation
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Simulation results and analysis

Figures from: 
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Setting up hydro-thermodynamic model

WMS Tutorial User guidelines report
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Data input/output

Figure (above) and table (right) is from: http://dx.doi.org/10.21079/11681/48331
Figure (below) is from: http://dx.doi.org/10.21079/11681/48331



GRASS type header 
format

Index 1 refers to freezing / thawing active area.
Index 0 refers to grids without permafrost activity.

Optional project card:
GIPL_TIMESTEP







Thank you

POC: Dr. Nawa Raj Pradhan at nawa.pradhan@usace.army.mil
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