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Motivation
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 Geomorphic and sedimentary effects of modern climate change

East and Sankey, 2020, Reviews of Geophysics



01 High Mountain Areas - Earth’s water towers
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 Mountain landscape instability in a changing climate

• Slope instability

• Extreme floods

• Erosion and sediment flux

• “Mountain Water Towers” (Immerzeel et al., 2020; Viviroli et al., 2007)

• Faster climate change than global average (Pepin et al., 2015)

• Mountain landscape instability

(IPCC, 2019)

HMA

(Pepin et al., 2015, NCC)



02 Rapid deglaciation and paraglacial processes 
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• - 0.62 ±0.23 m w.e./yr (Nyainqentanglha) (Brun et al., 2017)

• Unstable paraglacial landscapes (Church and Ryder, 1972)

(Maurer et al., 2019)

(Updated from Church and Ryder, 1972)

(from Li et al., 2022, Nature Geo. after Hugonnet, et al., 2021; Kraaijenbrink et al., 2017; Marzeion et al., 2020)



02 Slope instability and outburst floods following deglaciation
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Jinwo GLOF (06/2020)

• Landslide-lake outburst floods (LLOFs)

• Glacial lake outburst floods (GLOFs)
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Climate change

Lake outburst floods
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120, 000 m3/s

(from Li et al., 2022, Nature Geo. after Kääb & Myleyne et al., 2021, Hugonnet et al., 2021; Zheng et al., 2021)



03 Increasing fluvial sediment loads in a warmer and wetter HMA
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Li, D., Lu X., Overeem, I., Walling, D., Syvitski J., Kettner, A. J., Bookhagen B., Zhou, Y., & Zhang, T. (2021). Exceptional increases in
fluvial sediment fluxes in a warmer and wetter High Mountain Asia. Science, 374(6567), 599-603.

~13% per decade



03 Increasing fluvial sediment loads - a global perspective

7GM 4.2 – EGU23-1498 (An invited keynote with recorded video available online)

76 rivers and 18 permafrost coasts! 
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 Water quality: fine sediment bonded with phosphorus and most heavy metals 

(e.g., mercury, chromium, arsenic, and lead, etc.)

04 Impacts on water quality

Li, D., Lu X., Overeem, I., Walling, D., Syvitski J., Kettner, A. J., Bookhagen B., Zhou, Y., & Zhang, T. (2021). Exceptional increases in fluvial sediment
fluxes in a warmer and wetter High Mountain Asia. Science, 374(6567), 599-603.
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 Hydropower systems

04 Impacts on hydropower

Li, D., Lu, X., Walling, D.E. et al. High Mountain Asia hydropower systems threatened by climate-driven landscape instability. Nat. Geosci. 15, 520–

530 (2022).

Xu et al., 2023, Nature Water

Two-thirds of global unused profitable

hydropower is distributed across the Himalayas!



05 Several thoughts
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• Landscape studies: paraglacial adjustments, 

glacial/permafrost erosion and related sediment yields

• Cascading processes: cascading links between climate 

change, glacier retreat, slope instability, outburst floods

• Securing water quality: better monitoring of sediment and 

related contaminant fluxes

• Climate-resilient infrastructure: forward-looking planning, 

adaptation capacity expansion, and rapid recovery

• Transboundary collaboration: transboundary coordination 

and data-sharing and joint-operation strategies

 Climate change and cryosphere degradation are destabilizing high mountain 

landscapes

 Future needs
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❑ Cryosphere And Rivers (CAR Lab), Peking University

▪ Large-scale river water/sediment/carbon fluxes and river 

channel change in a warming climate

▪ Cryosphere hazards and related societal impacts 

(infrastructure, water quality, etc)
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