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Central Asian High Mountains
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What do glaciers look like in Central Asia

Debris Supraglacial channel

Crevasse
Moulin

Pretty but dirty

Disappearing

Duethmann et al. 2016
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Runoff components contributing to streamflow

Definition 1 based on water source: Ice melt%+Snowmelt%+Rain%=100% Definition 2 based on flow pathway: 
Ice melt%+Snowmelt%+Rain%+groundwater%=100%

groundwater (red), ice melt (blue), snow melt 
(orange), rainfall-runoff (green) Lutz et al. 2014

Ayala et al. 2020

Definition 1Definition 2

Weiler et al. 2018
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Study basins

Pomeroy et al. 2022

Chu river basin, 
62,500 km2 

Ile river basin, 
~110,000 km2 

Ala-Archa basin,  

233 km2 

Glacier=17%
Ele.:1560-4864 m



7

Glacier measurement & water sampling 

Glacier mass balance measurement during 2011-2018 

Water sampling for isotope analysis during 2015-2018

Snow survey
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End-member mixing approach (EMMA)

He et al. (2020) Traditional EMMA

Bayesian mixing approach

Prior distributions of water tracers

Likelihood (observations)

Posterior distributions of water 
tracers and contributions
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End-member mixing approach 

EMMA: Traditional end-member mixing approach
Bayesian_O: Bayesian method using Oxygen and EC
Bayesian_OH: Bayesian method using Oxygen, Hydrogen and EC

Uncertainty range: 
EMMA>Bayesian_O>Bayesian_OH
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Stepwise calibrated hydrological modeling

Processes coded in WASA:
▪ Snow melt
▪ Glacier melt and glacier dynamics
▪ Infiltration
▪ Soil water movement
▪ Evapotranspiration
▪ Runoff generation
▪ Runoff routing in 

river network
▪ Retention in reservoirs

Hydrological modeling

He et al. (2018)

Hydrograph segment 1

Hydrograph segment 2

Hydrograph segment 3

Hydrograph segment 4

Parameter group 1

Parameter group 2

Parameter group 3

Parameter group 4

Step 1

Step 2

Step 3

Step 4

Iterative & Stepwise
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Stepwise calibrated hydrological modeling

GMB: Glacier Mass Balance SCA: Snow cover area fraction
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Isotope-aided hydrological modeling

He et al. (2019)
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Isotope-aided hydrological modeling
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How do the three methods compare

HM_Step: Hydrological modeling calibrated in a stepwise way 
Iso_HM: Isotope-aided hydrological modeling
EMMA: End-member mixing approach (tracer-based)

Uncertainty range: 
EMMA>HM_Step>Iso_HM

Random Forest machine learning algorithm

He et al. (2021)
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Summary

• In a Central Asian glacierized basin with a size of 230 km2, glacier coverage is 17% 
, and annual mean precipitation is 550 mm (1970-2016):

    Annual contribution: Ice 18%, Snow 22%, Rain 15%, Groundwater 45%
 Melting season: Ice 24%, Snow 25%, Rain 10%, Groundwater 41%

• Hydrological modeling and EMMA tended to estimate the mean contributions 
closely, with the difference smaller than 5%.

• EMMA estimated contributions showed much larger uncertainty than 
hydrological modeling. Water isotopes significantly helped reduce uncertainty in 
the modeled contributions
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Thank you for your attention!

Contacts:
zhh624@mail.usask.ca

mailto:zhh624@mail.usask.ca
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