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Fig. 1 Basic information of the study area: permafrost distribution on the Qinghai-Tibet Plateau (QTP)"" and location of
Beiluhe (a), picture of Beiluhe field observations (b) and annual mean air temperature
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Fig. 2 A model depicting the formation process of thermokarst lake : initial state of ice-rich permafrost with excess
ice (a), ice-rich permafrost is warming and the water is draining (b), subsided cells are added to lake depth (c)
and schematic illustration of an ice-rich soil layer of thickness (Ad) which is composed of excess ice,

pore ice and soil matrix (d)
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Fig. 3 Reconstruction of historical climate data for upper boundary of the model: daily air temperature (a)

and solar radiation (b) (A sinusoidal fit to the data was used)
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Fig. 6 Simulation results of lake depth (a) and maximum lake ice thickness (b)
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Fig. 8 Variation of annual mean ground temperatures during simulation period for the lake :
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Study on numerical modeling of thermokarst lake evolution and its thermal
impacts on permafrost on the Qinghai-Tibet Plateau

YIN Guo’an, NIU Fujun, LIN Zhanju, LUO Jing, LIU Minghao

(State Key Laboratory of Frozen Soil Engineering, Northwest Institute of Eco-Environment and Resources,

Chinese Academy of Sciences , Lanzhou 730000, China)

Abstract: Thermokarst lakes are widespread and increasing due to climate change on the Qinghai-Tibet Plateau
(QTP). They were formed by the ground subsidence in ice-rich permafrost landscapes and have strong impacts
on permafrost thermal states. To gain a deep understanding of lake evolution and its thermal impacts on perma-
frost, here, a one-dimensional numerical model coupled lake and subsidence processes was developed. This
model was validated using the field measurements of lake depth, lake ice and ground temperatures in Beiluhe Ba-
sin. Impact simulations for thermokarst lake with various depths were performed under current climate condi-
tions as well as under a strong climate warming scenario. The simulation results indicated that in current cli-
mate, the shallow lakes (<1.0 m) were stabilized and lake water could freeze back to the bottom in winter,
while the deep lakes (>1.0 m) could deepen constantly and not freeze to their base. These deep lakes rose the
bottom temperature and accelerated thawing of the underlying permafrost as well as developing of taliks in
50 years. Under a strong climate warming, all lakes deepened and warmed the underlying permafrost. The ice
thickness increased for the shallow lakes, but decreased for the deep lakes. An open talik was likely to form un-
der the deep lakes. Such changes could significantly alter the landforms and hydrology in permafrost regions on
the QTP.

Key words: climate change; lake ice; talik; ground temperature; numerical model; Qinghai-Tibet Plateau;

thermokarst lake
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