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The Asian Water Tower is the origins of tens of major Asian rivers 



Among 78 water towers in the world, the most important water tower is the Asian Water Tower
since it provides water resources for 2-3 billon people on the earth.
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discharge of the Yellow River 



Warming rate of 0.37ºC per decade during 1960–2020 and accelerate to 0.42ºC per decade during
1980–2020, almost doubling the global average (0.19ºC per decade )
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Substantial precipitation increases have been observed in both the endorheic basins of the northern AWT and
the exorheic basins of the northern AWT. By contrast, the exorheic basins of the southern AWT exhibited a
statistically significant decrease in annual precipitation over the same period.



Mt. Cho Oyu
Glacier shrinkage and the formation of proglacial 
lake at the Kyetrak glacier

1921 2023

Central Tibetan Plateau
The terminus retreat and disconnection of 
Dongkemadi and small Dongkemadi Glacier

Glacier area has decreased about 20% in the last 40 years



The total glacier mass loss across the whole Asian Water Tower during 2000−2018 is about 340 Gt. It
means that the annual rate of glacier mass loss is about 19 Gt per year.

Mass balance Glacier area



Endorheic Basins: generally lower losses of solid water but large gains in liquid water

Exorheic Basins: substantial losses of solid water and smaller gains in liquid water

Glaciers 

Lakes 

River run-offs



Secondary effects of glacier hazards
will trigger chain responses in the
lithosphere, hydrosphere, biosphere
and anthroposphere, and results in
possible extension and amplification
of hazards consequences.
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Shrinking glaciers Exacerbate the southern flood-northern 
drought pattern (SFND) in East China

Melting of glaciers

Land surface darkening 
(decrease in albedo)

• Under the high emission scenario, surface 
albedo on the plateau is expected to decrease 
by 10.5% by the end of 21st century

• Land surface darkening may alter the energy 
balance, and contribute to a regional warming 
by 0.24℃

Land surface darkening results in sensible heat increase, 
thus intensifying uplift of atmospheric air mass, and 
enhancing the South Asian High and West Pacific 
Subtropical High, which ultimately increases summer 
precipitation in South Asia and exacerbates the SFND 
pattern.

Reduction in snow cover



Air temperature is projected to increase in the late
21st century by 1.4-5.6ºC relative to the 1995–
2014 reference period

Precipitation is expected to increase by 6-15% by the
end of the 21st century but with regional and seasonal
variations



Glaciers are projected to lose 36-64% of the mass
under different scenarios





TPE was initiated in 2009 by Prof. Tandong Yao, L.G. Thompson, V. Mosbrugger. Prof. Deliang Chen,

Shilong Piao, Philippe Ciais later joined TPE and became co-chairs.

TPE is an international program for the interdisciplinary study of the relationships among
water, ice, air, ecology and society, to address the environment changes in this region
and beyond.
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The global network of TPE centers
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The 4th Third Pole Environment (TPE) Workshop
April  1-3, 2013, Dehradun, India

6th TPE Workshop
May 16-18, 2015 Columbus, USA

7th TPE Workshop
July 10-12, 2017 Kunming, China

8th TPE Workshop
Sep 24-26, 2018 Gothenburg, Sweden

9th TPE Workshop
Nov 29-30, 2019 Frankfurt, Germany

11th TPE Workshop
Nov 7-9, 2024 Paris, France

10th TPE Workshop
Nov 14-17, 2023 Chongqing, China



TPGE aims to better understand glacier dynamics and its impacts on climate change, water resources 

and ecosystem, and to better support regional and global sustainability in an ice-vanishing Third Pole.





Task I: Earth Summit Observation Transect
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An ice cores preservation bank 
Third Pole ice core bank

KKSL
BIOF

GULYARU MZTG
ZSGR
MGGQ

DSP
ERB NJGS ZQP

BJGR

HARQ
ANGG ANMQ

DD
YZF

PRGR



Task II: “Ice-Water-

Vapor” transition 

and glacier melt 

tipping points

Multi-dimensional and -approach

observations of glacier mass

balance at altitudes >5000 m ASL.

Track air flow to understand

moisture supply to Third Pole

glaciers and their dynamics.
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Task III : Earth system observatory and early warning platforms

Yarlung Tsangbo
ice collapse risksZhangzangbu glacial lake

Earth system observatory 
in Lhasa River catchment



Task IV: Development of next-generation modeling platform with 
AI for glacier-climate interactions and global teleconnections

Coupled atmosphere-land surface model to 
unravel glacial-climate interactions

To predict potential effects of Third Pole vanishing
glaciers on the heat pump effect of the region and
climates beyond through teleconnections

Arctic 
warming

Indian monsoon 
intensification

Amundsen sea 
cooling

Enhancing tropical Pacific 
zonal temperature gradient

Cooling Eurasian high-latitudes



Task V: Technology innovation on glacier heritage preservation

Artificial Snowmaking

Artificial Snow-enhancement

Nanomaterials Cover

Performance evaluation

Observation and 
reanalysis data

Regional climate 
model outputs

Downscaling

Efficiency of engineering 
projects to protect glaciers

Distribution of ice thickness 
and flow vorticity

Glacier energy and 
mass balance equations

Ice thickness and length 
variation equations

Performance evaluations of numerical 
assimilations



International Association for Trans-Himalaya Earth System Science
（ATH）

Carbon Biodiversity Far-reaching effects DisasterTPGE

Tans-Himalaya Earth System Science

Task VI: Advance research on the Tran-Himalaya Earth system 
science as one of the scientific initiatives of ATH



Take-home message

We are developing a global campaign
for IYGP 2025 and Decade of Action
for Cryospheric Sciences by focusing
on glacier melt and earth system
adaptation over Third Pole.


