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Fig. 1 The retrogressive thaw slump developed in permafrost region of the Qinghai-Tibet Plateau: the one induced by engineering
activities (K3035 of Qinghai-Tibet Highway) (a); the one induced by lakeshore erosion (Cuodarima Lake, Hoh Xil) (b);

the one induced by the occurrence of active-layer detachment (near the Hongliang River) (¢)
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Fig. 2 A retrogressive thaw slump developed in the north slope of the Gu Hill, Beiluhe Basin: permafrost distribution on the
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Qinghai-Tibet Plateau and the location of the Beiluhe Basin (a); the distribution of retrogressive thaw slumps in the

Beiluhe Basin and the location of the Gu Hill thaw slump (b) ; the aerial photograph of the Gu Hill thaw slump (c);

mud flow on sliding surface (d); the head scarp of the thaw slump (e) ; compression ridges developed
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Fig. 3 The morphological characteristics of the retrogressive thaw slumps in the Beiluhe Basin:

histograms of area (a), perimeter (b), circularity (¢), and length-to-width ratios (d)
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Fig. 4 The Spatial distribution characteristics of the retrogressive thaw slumps in the Beiluhe Basin : statistic results of

elevation (a), topographic position index (b), slope, and (c) slope aspect (d)
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Fig. 6 Average daily air temperature and cumulative precipi-
tation in thawing season from the automated weather stations
in Wudaoliang Town from 2008 to 2018 : average daily air
temperature (a), and the cumulative precipitation (b),
1 June to 30 September, 2008—2018
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The characteristics and patterns of retrogressive thaw slumps developed in
permafrost region of the Qinghai-Tibet Plateau

LUO Jing, NIU Fujun, LIN Zhanju, LIU Minghao, YIN Guoan, GAO Zeyong
(State Key Laboratory of Frozen Soil Engineering , Northwest Institute of Eco-Environment and Resources,

Chinese Academy of Sciences , Lanzhou 730000, China)

Abstract: Under the background of global warming and continuous degradation of permafrost, retrogressive
thaw slumps are widespread in the permafrost region of the Qinghai-Tibet Plateau (QTP), which not only affects
the regional ecological environment, but also influences the stability of engineering structures. Based on field in-
vestigations, remote sensing interpretation and meteorological data, the triggering factors, distribution character-
istics and evolution process of retrogressive thaw slumps in permafrost region of the QTP were analyzed this pa-
per. Results showed that the occurrence of active layer detachment is the main factor that induce the retrogres-
sive thaw slumps in permafrost region of the QTP, followed by the engineering disturbance and the thermal ero-
sion of lake water. The development process of retrogressive thaw slumps which induced by active layer detach-
ment mainly includes three stages, they are the occurrence of active layer detachment, the collapse and retreat of
the headwall and the formation of slope mudflow. The source erosion after the formation of retrogressive thaw
slump will last for several years or even more than ten years until the content of ground-ice in the back edge is
significantly reduced or disappeared. In terms of spatial distribution, retrogressive thaw slumps tend to be distrib-
uted on the side of the shady slope in the hilly and piedmont regions with gentle slope (3°~8°). In addition, the
retrogressive thaw slumps in permafrost region of the QTP had significantly increased in recent years, and such
intensification of retrogressive thaw slumps did not increase steadily over the study period but was rather concen-
trated during the special years with extreme high air temperature. The research results will provide references for
the future engineering planning, resource development and environmental protection on the QTP.
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