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Periglacial environment

(Murton, 2021 PPP)

❑ 20% the Earth’s land surface lies under periglacial
conditions, with the Tibetan Plateau being one of
the key distribution regions.

❑ Sensitive Indicators of Climate Change

❑ Regulation of the Global Carbon Cycle

❑ Unique Landforms and Landscapes

❑ Impact on Human Activities



Periglacial landforms

Other landforms: Thermokarst lakes, stone circles, stone seas, frost mounds

Periglacial landforms such as rock glaciers are key elements in understanding the periglacial environment and its changes, 
holding significant implications for climate indication, disaster initiation, and water resources.

冻胀丘 石环热融湖塘
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Distribution of surface water

Feng, M., Sexton, J. O., Channan, S., & Townshend, J. R. (2015). A global, high-resolution (30-m) inland water body dataset for 2000: first results of a 
topographic–spectral classification algorithm. International Journal of Digital Earth, 9(2), 113–133. http://doi.org/10.1080/17538947.2015.1026420

3,650,723 km2 of inland water

❑ Nearly three quarters of which was in North 
America (40.65%) and Asia (32.77%), followed 
by Europe (9.64%), Africa (8.47%), South 
America (6.91%), and Oceania (1.57%).

❑ Boreal forests contained the largest portion of 
terrestrial surface water (25.03% of the global 
total), followed by “inland waters” (16.36%), 
tundra (15.67%), and temperate broadleaf and 
mixed forests (13.91%).



Small water bodies

Others

Reservoirs

Glacial lakes Thermokarst lakes

Water pondsWetlands



Rapid changes in global permafrost response to climate change

(Biskaborn et al., 2019 NC;  Smith et al., 2022 NREE)
(Aalto et al., 2017 NC)

Climate change



Impacts

Grosse et al., 2013
Smith et al., 2005 Science

Shrinkage and disappear of thermokarst lakes
Formation of thermokarst lakes in response to changing permafrost

Small lakes and other periglacial landforms are indicators and have experienced substantial changes



Traditional survey methods are difficult to support the study of periglacial landforms.

Weak spectral characteristics Complex periglacial processes 
and periglacial landscapes

Periglacial landscapes are small in 
scale and difficult to observe using 

medium-to-coarse resolution satellite 
data.

Challenges



Challenges

Weaker signals and higher uncertainty

Our understanding is limited for small water bodies that are usually also shallow and sensitive to environment changes

50 m

ESRI

Sentinel-2

HydroLAKES GLOWABO

Global surface water research and datasets focus on 
large or medium water bodies (> 0.1km2)



Big data of Earth

The explosion of Earth observations provides the data possible for exploring small water bodies



Data driven geoscience

Feng and Li, 2020 Science Bulletin
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Periglacial landform identification

DeepLab v3+

A deep-learning (DeepLab v3+) and MT-InSAR method for identifying rock glaciers

Millions of satellite images Rock glacier kinematics

MT-InSAR method

(Xu, Feng* et al., 2020) (Zhang, Feng et al., 2021 RS; Zhang, Feng* et al., 2023 IJDE)



Rock glacier inventory
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❑ Identified 132,867 rock glaciersThe first completed inventory rock glaciers for the entire Tibetan Plateau

Rock glacier inventory

Feng et al. Science Bulletin. 2026



Rock glacier inventory

Jones et al. 2019

Holds 92 to 186 km3 of 
freshwater



Rock glacier inventory

The rock glaciers involve more than 500 km3 material flux, which can lead to hazards 

The distribution of rock glaciers located close (within 1 km) to buildings, roads, and rivers



Talus inventory

The first talus inventory for the Tibetan Plateau

(Jiang, Feng*, IJDE, 2025; Jiang, Feng et al., in prepare)

Examples in the source region of Yellow River

❑ Identified >65k talus units, with total area > 214k km2，about ~6.9% 

of the plateau. 



Permafrost mapping with RGI

We combined in-situ and rock glacier records for mapping permafrost in the Qilian Mts. 

In-situ data (permafrost) 404

In-situ data (non-permafrost) 91

Rock glacier (intact) 1210

Rock glacier (relict) 320

In-situ and rock glacier records

Field work
2023



98°54′40″E, 38°06′20″N

Performance comparison

Li, 1996; Nan et al., 2002 冰川冻土
Zou et al., 2017 TC
Obu et al., 2019 ESR
Ran et al., 2020 Science China Earth Sciences



Expanding permafrost mapping to TP

Our preliminary result shows that the total area of permafrost on the Tibetan Plateau is 1.18 × 106 km2 (PZI ≥ 0.5), 
accounting for 38.1% of the total area.
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❑ Collected >60,000 published rock glacier inventory data entries

❑ Estimated the global rock glacier developed area (RDA) to be 141.08 × 10³ km²

Percentage of total cover across 
various size ranges of RDA

Global rock glacier inventory



Thermokarst lakes

RGB ResultMNDWI

Source region of the Yellow River

Deep learning and high-resolution 
satellite data were adopted to identify 
thermokarst lakes

Zhang, Feng*, et al. 2024



Glacial lakes
Wang, Zhang, et al.,2023, 10.1038/s41561-023-01150-1



Glacial lakes



Glacial lakes

(Xu, Feng et al., 2023; Hu, Feng* et al. 2025; Xu, Feng*, The Cryosphere, accepted)



Water bodies in pan-Arctic

70.3158, -155.5385 61.5661, -145.9790 63.9350, -109.2828

❑ A more completed inventory of water bodies 
for pan-Arctic region in North America

❑ Identified >650 million water bodies and 90% 
of them are smaller than 0.1 km2

❑ Evidence of overestimation of the area-number 
relationship

Sui, Feng* et al., 2022 ESSD



The water body inventory for high mountain Asia (WBD-HMA)，identified >460k water bodies, covering 76,915.9 km²

Water pixel accuracy: 99.65%

Water body accuracy: 96.58%

90% recall for WD >0.001km²

70% recall for WD >0.0001km²

Scientific Data,2025Water body inventory

Sui, Feng* et al., Scientific Data, 2025



Water body changes in central Asia

Identified 66,216 water bodies in central Asia with a total area of 98,161.8 km² and 96.5% are smaller than 1 km2

❑ Between 1992 and 2020, the Aral Sea had been 

shrinking, but other water bodies had been generally 

expanding and increasing, especially the small water 

bodies in high altitudes
(Su, Li, Feng, et al. 2021 STE; Li, Li, Feng, et al, 2021 IJDE; Su et al. 2025 Science Bulletin)

❑Evidence for a warm-wet climate in central Asia, critical 

for correcting the perception of water resources in the 

region biased by the Aral Sea



Data access

https://data.tpdc.ac.cn/



Thank you!


