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Research Projects (2012-2018)
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Study Basins

Pomeroy et al. 2022

Chu river basin, 
62,500 km2 

Ala-Archa basin,  

233 km2 

Glacier=17%
Ele.:1560-4864 m

Ile river basin, 
~110,000 km2 
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Climate & Land Cover

Aizen et al (1995)Cropland, grassland,
and pasture

Debris On Glacier
Supraglacial channel

Snow 
Accumulation

Deep ValleyShrubs

Trees in riparian
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Complex Hydrological Processes in Study Area 

Weiler et al. 2018

Ayala et al. 2020 TC

Zekollari et al. (2022) 
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Challenges in Processes Understanding

• Strongly Varying Contributions of Runoff Components

• Insufficient Understanding of the Interactions between 
Surface and Sub-surface Water

• Strongly Varying Contributions of Runoff Components

• Insufficient Understanding of the Interactions between 
Surface and Sub-surface Water
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Water Sampling for Isotope Data Analysis 

Stream Water Rain Water

Groundwater from Springs

Ice melt Water

Snowmelt Water 
(Downstream）

Snow at layers (glacier 
top)
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End-members Identifed by Tracer Data

Histogram Distributions 
of δ18O (‰)

He et al. (2020)
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Time Series of Measured δ18O 
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Interannual Variations in Contributions
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Challenges in Process Understanding

• Strongly Varying Contributions of Runoff Components

• Insufficient Understanding of the Interactions between 
Surface and Sub-surface Water
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WASA Hydrological Model for Semi-Arid Regions

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

Water Availability in Semi-Arid 
Environments (WASA) Hydrological model

Guentner (2002); He et al. (2018)

Discharge records

Snow cover patterns from

satellite imagery

Glacier area dynamics

Glacier mass

balance

Model Calibration
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Isotope-aided WASA Model

Isotope-aided WASA hydrological model (He et al. 2019)

Snowpack

Soil Water

Groundwater

Complete Mixing Assumption

Glacier
Precipitation

Stream Water

Ice Melt
δ18O 

Snowfall Rain δ18O 

Soil Water δ18O 

Groundwater δ18O 
Stream Water δ18O 

Snowmelt δ18O 

δ18O Fractionation by ET 
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Isotope-aided Model Performance
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Limited Impact of Surface Water on Groundwater



16

Small Impact of Soil Water on Stream Water



17

Wrap Up…

• An isotope-aided hydrological model indicated the dominance of groundwater 
and surface runoff in streamflow within the study basin.

• Limitations: Soil water isotope data were not measured for model evaluation; 
there is likely an underestimation of the contribution of meltwater to 
groundwater, as subglacial flow was not considered; Impacts of residence time 
and permafrost
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Thank you for your attention!

Contacts:
hezhh65@mail.sysu.edu.cn

zhh624@mail.usask.ca

mailto:zhh624@mail.usask.ca
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