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01 Introduction

 Third Pole

2

• “Third Pole” “Roof of the World” (Yao et al., 2019)

• “Asian Water Towers” (Immerzeel et al., 2010; 2020)

• Important sediment sources

(Milliman & Farnsworth, 2011)

Asian Rivers

(Li et al., 2021, Science)
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01 Introduction

 Glacier retreat, snow melt, permafrost thawing, water cycle……

How does modern climate change

affect the riverine sediment loads in

Third Pole?

(Azam et al., 2021, Science)
© K. Ouyang



02 Long-term hydrological data

• Tuotuohe (TTH) – headwater of the Yangtze

• 4500-6600 m a.s.l.

• 2% glacier vs 98% permafrost

• Pristine river (no human activities)

• >6000 sediment samplings (1985-2017)
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 A case: headwater of the Yangtze

Li, D., Li, Z., Zhou, Y., & Lu, X. (2020). Substantial increases in the water and sediment fluxes in the headwater region of 

the Tibetan Plateau in response to global warming. Geophysical Research Letters, 47(11), e2020GL087745.



 Temperature-driven sediment sources: glacial erosion, 

permafrost thaw slumps, thermal erosional gully

02 Sediment sources in cold environments

Li, D., Overeem, I., Kettner, A. J., & Lu, X. (2021). Air temperature regulates erodible landscape, water and sediment fluxes in the
permafrost-dominated catchment on the Tibetan Plateau. Water Resources Research, 56, e2020WR028193.

FLA = freezing

line altitude

© X. Li, C. Song

 Precipitation-driven sediment sources : slope wash, 

mass wasting, riverbank erosion
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Li, D., Overeem, I., Kettner, A. J., & Lu, X. (2021). Air temperature regulates erodible landscape, water and sediment fluxes in the

permafrost-dominated catchment on the Tibetan Plateau. Water Resources Research, 56, e2020WR028193.

 The role of temperature and precipitation

02 Seasonal water and sediment dynamics
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Li, D., Li, Z., Zhou, Y., & Lu, X. (2020). Substantial increases in the water and sediment fluxes in the headwater region of 

the Tibetan Plateau in response to global warming. Geophysical Research Letters, 47(11), e2020GL087745.

 The conceptual framework of the sediment response to climate change

• Temperature and precipitation

are the two primary driven

factors

• Sediment research is much

more complicated than runoff

research

02 The conceptual framework 
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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.

 Rising river runoff and sediment loads (1950s-2010s)

03 Rising fluvial sediment loads
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• 28 quasi-pristine headwater rivers (1,000-200,000 km2)



9

 The increases accelerated after 1995

Photo by Z. Li and Tie Gai for GreenPeace

• Increasing glacier melt

• Increasing thaw slumps

03 Rising fluvial sediment loads

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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03 Rising fluvial sediment loads

 Qs sensitivities to climate change

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.

• Thermal and pluvial-driven erosional processes

• Climate elasticity model (Schaake, J C, 1990) Δ
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03 Rising fluvial sediment loads

 Future rising sediment fluxes

• Extreme scenario: from present-day 1.94± 0.80 Gt/y (1995-2015) to 5.18± 1.64 Gt/y by 2050

• Net increase of 3.24 Gt/y

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.

✓Larger than the present-day sediment fluxes from Pan-Arctic (Holmes et al., 2002) and Greenland

(Overeem et al., 2017)

✓Equivalent to ~23% of the current global land-ocean sediment flux (14.18 Gt/y; Syvitski and Kettner, 2011)
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04 Impacts

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.

 The conceptual framework of the sediment response to climate change

https://science.altmetric.com/details/115914305/news
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 Hydropower systems

04 Impacts

• ~2 Gt sedimentation over 2020-2050 under the extreme climate change scenario

• ~2 times the designed storage capacity of the downstream Liyuan Reservoir (assuming sediment bulk

density of 1.3 t/m3)

• Sediment trapping efficiency of over 80% in Jinsha River

Li, D., Lu X., Walling, D., Zhang, T., Steiner J. K., Wasson, R. J., Harrison S., Nepal S., Nie, Y., Immerzeel, W. W., Shugar, D., Koppes, M., Lane, S., Zeng, Z., Sun, X.,

Yegorov A. & Bolch, T. (2021). High Mountain Asia hydropower systems threatened by climate-driven landscape instability. Nature Geoscience. (accepted).
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 Hydropower systems

04 Impacts

Li, D., Lu X., Walling, D., Zhang, T., Steiner J. K., Wasson, R. J., Harrison S., Nepal S., Nie, Y., Immerzeel, W. W., Shugar, D., Koppes, M., Lane, S., Zeng, Z., Sun, X.,

Yegorov A. & Bolch, T. (2021). High Mountain Asia hydropower systems threatened by climate-driven landscape instability. Nature Geoscience. (accepted).

• Mountain landscape instabilities (slope instability, floods, and erosion)



05 Take-home messages

• Sediment sources: glacial erosion, thaw slumps, thermal gully, bank erosion, slope wash and

mass wasting

• Temperature and precipitation regulate seasonal patterns of discharge and sediment

dynamics by controlling erodible landscapes and multiple thermal/pluvial processes

• Water and sediment fluxes increased substantially, with accelerations after mid-1990s

• In a warmer and wetter future, sediment fluxes will likely more than double by 2050

• Increasing sediment loads (and cascading hazards) have important implications for the

region’s hydropower systems

15



Increasing riverine sediment loads in Third Pole
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