
Reconstructing the water balance of selected glacierized 
catchments in High Mountain Asia since 1970

Achille Jouberton1,2,3, Thomas E. Shaw1, Evan Miles3,4,5, Marin Kneib7,8, Stefan 
Fugger1,2,3, Michael McCarthy1,3, Yota Sato8, Koji Fujita9, Francesca Pellicciotti1

1Institute of Science and Technology Austria ISTA, Pellicciotti Group, Klosterneuburg, Austria (achille.jouberton@ist.ac.at), 2Institute of Environmental Engineering, ETH Zurich, Zurich, Switzerland, 3Swiss Federal Research Institute WSL, Birmensdorf, Switzerland, 4University of Zurich, Department of Geography, Glaciology and Geomorphodynamics Group, Zürich, Switzerland, 5Department of Geosciences, University of 
Fribourg, Switzerland, 6Institut des Géosciences de l’Environnement, Université Grenoble-Alpes, CNRS, IRD, Grenoble, France, 7Department of Atmospheric and Cryospheric Sciences, University of Innsbruck, Innsbruck, Austria, 8Japan Agency for Marine-Earth Science and Technology (JAMSTEC), Yokohama, Japan, 9Graduate School of Environmental Studies, Nagoya University, Nagoya, Japan

➢ Future simulations (2015-2100) are conducted using downscaled 
CMIP6 climate outputs (from GDFL-ESM4, MRI-ESM2-0 and IPSL-
CM6A-LR).

➢ Glacier geometry updated with the Instructed Glacier Model (          ) 
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➢ Kyzylsu Glacier has been 
relatively healthy since 1970, 
but shows sign of continuous 
mass loss in recent years due to 
reduced total precipitation.  
There, snowfall fraction 
remained stable. 

➢ The fastest glacier mass loss 
rates at Parlung No.4 Glacier 
(STP) since 2000s were induced 
by a concurrent decrease in 
total precipitation and a shift 
from snowfall to rain.

➢  Continuous glacier mass loss at 
Trambau-Trakarding Glacier 
since 1970, unaffected by phase 
change so far. Lowest sensitivity 
to summer air temperature. 

We find that the heterogeneous glacier mass change rates observed
since the 1970s were due to differences in sensitivity to decadal
precipitation changes and precipitation phase change.

All three glacierized catchments will be affected by future precipitation
phase changes, and changes in runoff will result from interactions
between glacier retreat, increased ET, and potential increases in rainfall
and total precipitation. The sensitivity of our results to historical climate 
conditions and model parameters remains to be assessed.

: points at which the model is run : Cluster IDs

Glacier mass change has been highly heterogeneous across High 
Mountain Asia (HMA) over the last decades, with glaciers in the 
Pamirs experiencing near-neutral mass balance while fast rates of 
mass loss are observed in the Southeastern Tibetan Plateau (STP).

Warming-driven shifts from snow to rain have intensified glacier 
mass loss in the STP, but their impact elsewhere in HMA—and future 
consequences for catchment runoff amid changing total 
precipitation—remain unclear.
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We use a clustering approach to run the model on a sample of 
points representing the most important components of the land 
surface, providing an accurate approximation of fully distributed 
energy-balance based simulations at a substantially reduced 
computational cost.

And what about computational costs ?

• Snowfall fraction will decrease at all sites …

• BUT increase in precipitation amounts could offset phase change at all elevations in the 
Pamirs and above ~5600m a.s.l. at the monsoonal sites 

Miles et al. (2021)

Parlung No.4

Kyzylsu

Methods

Will snowfall decline in the future ?  

What future implications for runoff?

Background

➢No decrease in runoff 
by 2100, except for 
Parlung No.4 under 
SSP245

➢«Switch» from 
sublimation to ET at 
Parlung No.4 and 
Rolwaling

➢Large increase in 
rainfall contribution to 
runoff

➢ Increasing 
precipitation could 
compensate for the 
decline in ice melt

➢More work is needed 
for the initialization of 
ice thickness

Glacier mass balance reconstruction

• Three benchmark catchments, located in 
different climatic regions.

• 3 to 10 years of hydro-meteorological 
measurement time series. 

Study sites

Conclusion & Outlook

Most likely, but perhaps
not everywhere !

8-9 hours per 
simulation on a 
HPC (1970-2100)

T&C model

Kyzylsu

Parlung no.4

Trambau-Trakarding

Kyzylsu, Tajikistan Trambau-Trakarding, NepalParlung No.4, China

➢  The model is evaluated against snow depth, mass balance stakes,
remotely sensed snow cover and geodetic mass balances.

➢ A mechanistic land-surface model (Tethys-Chloris) is run 
hourly from 1970 to 2023, forced with reanalysis data (ERA5-
Land) statistically downscaled and bias-corrected using in-situ 
observation. 

K

T P4

mailto:achille.jouberton@ist.ac.at

	Untitled Section
	Slide 1


