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1. Background 



Cryosphere change is accelerating over the 
Third Pole 

Li et al., 2008, GPC; Che et al., 2008, Annals of Glaciology; Ran et al., 2012, PPP; Ran et al., 2017, TC 



Inconsistent understanding of how climate change 
influences hydrological cycles (tipping point, 

seasonality, attributions, future trend) in third pole river 
basins �

��
Lutz, A. F., Immerzeel, W. W., Shrestha, A. B. and Bierkens, M. Consistent increase in High Asia's 
runoff due to increasing glacier melt and precipitation. Nature Climate Change 4, 587-592 (2014). 
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Change of permafrost and its hydrological effects 
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•  Deeping of active layer: 
more water storage 

•  Saturated ice: release 
more liquid water 

•  Open talik channels: 
Surface water 
percolates to deep 
layer 

•  Thermalkarst: more 
water storage at the 
surface 

Cheng and Jin, 2013, Hydrogeology Journal 

A: supra-permafrost water, B: in-permafrost water, C: 
sub-permafrost water 

 Groundwater types in permafrost regions 
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Challenges 
n  In situ observation of precipitation is usually 

underestimated by 15~30% in cold regions due to wind-
induced errors; areal estimation of precipitation is also 
largely uncertain. 

n  Estimation of permafrost contribution to hydrological 
cycle is very difficult. 

n  “The volume, vulnerability and likely lifespan of the HMA 
ice reserve is therefore a matter of considerable 
speculation” (Pritchard, 2017). 

n  Closing water balance at river basin scale still a 
speculation. 
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Actions 
n  Therefore, there is an urgent requirement to 

carry out a synthesis of the hydrological cycle at 
an experimental river basin by using integrated 
models in combination with various high quality 
data including remote sensing products. 

n  Eventually, knowledge of the hydrological cycle 
obtained from the testbed river basin is 
expected to be transferrable to other Third Pole 
basins. 
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2. Geographic context of the Heihe River Basin:  
Mountain cryosphere, oases and deserts�

Zhangye Oasis�

Badain Jaran Desert�

Ejin Oasis�

Qilian Mountains�

Gobi Desert�

Cheng, Li, Zhao, Xu, Feng, Xiao, Xiao, National Science Review, 2014�
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Heihe River Basin: a test bed 

10 

HRB, a well-instrumented 
experimental river basin with a lot 
of integrated eco-hydrological 
modeling work. 



Integrated study of the 
water-ecosystem-economy 
in the Heihe River 
Basin�

Cheng, Li, Zhao, Xu, Feng, Xiao, Xiao, National Science Review, 2014�

1980s, HEIFE, 
comprehensive expeditions 
to the HRB 
1990s, rescuing the Ejin 
oasis initiative, ecological 
water diversion project, 
digital Heihe River Basin 
2004-2010, Integrated 
modeling initiative, WATER 
project, pilot project on 
ecosystem rehabilitation 
2010, Heihe Major Research 
Plan launched 
2014 and beyond, … �



Heihe Watershed Allied Telemetry Experimental Research 
(HiWATER)  2012-2016�

n  Flux observing matrix and an eco-
hydrological wireless sensor network 

n  Heterogeneity, scaling, 
uncertainty and closing water 
cycle at the watershed scale.� Li et al., BAMS, 2013�



An INARCH catchment 

From Prof. John Pomeroy 



Climate change�

� � �Precipitation�

Spring (Mar- May) runoff�

Annual runoff�

Air temperature�
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Observed cryospheric change: e.g., glaciers 
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HiWATER�

Observed glacier volume change: TanDEM-X 
DEMs - SRTM DEM�

 ��HiWATER  ��

Thickness change is -5.07 m between 2000-2014. 
The glacier area in this place is about 144.62 km2. �



3. Multi-scale high mountain 
river basin observing system   



Multi-scale high mountain river basin observing 
system  

Li et al., 2013, BAMS 



Network of automatic meteorological station and 
flux towers 

19 
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Multi-scale high mountain river basin observing system: 
Wireless sensor network 

20 

Jin et al., 2014, IEEE GRSL 



Super high-resolution DEM by airborne LiDAR�
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Airborne missions at Binggou watershed�

���HiWATER



Snow observatory in the upstream area of the HRB 



Frozen soil observatory in the upstream 
area of the HRB 

���

Observation 
item 

Setting 

Wind Speed 1, 2, 5, 10, 15, 25 meter 

Wind Direction 2 meter 

Precipitation 0, 28 meter 

Air temperature 1, 2, 5, 10, 15, 25 meter 

Humidity 1, 2, 5, 10, 15, 25 meter 

Air pressure 1 meter 

Radiation  
(4 components) 

5 meter 

LST 5 meter 

Snow depth 2 meter 

Eddy correlation 4 meter 

LAS 10 meter 
COSMOS 1.5 meter 



A’rou Sunny Slope Station (3529m)�

Calibrated precipitation results at A’rou Sunny Slope Station (3529 m)�

Ø  � r� � Akao� � oBBd� � .ac� � � r� r aB� � r� � � �

� � �o  o.� r� � � ck� � c  r� r aB� a� � � � � � �  g�


 �  �   � � n �  .� � r� � �  � � gok� � � u� .o� �  g�

	 � � �  �   � � � � ak� � � � . � k� r aB� �

Precipitation calibration�

He et al., 2017, Hydrological Processes�



Glacier observation at Hulugou watershed�

���
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4. Cold region hydrological 
modeling and data assimilation 



4.1 Modeling the cryospheric 
processes and prediction of 

cryospheric changes 



Coupling a frozen soil model with 
a distributed hydrological model 

29 29 

Zhang et al., 2013, Hydrological Processes 
Zhang et al., 2017, PPP 

Simulated soil thawing depth 



Prediction of frozen soil change�

l  Changes in seasonally frozen soil�

Maximum frozen depth significantly 
decreased. Changing rate in the regions 
below 3800 m is 4.0 cm 10 yr-1.�

Maximum frozen depth (MTSFG) 
estimated by Stefan formula�

Qin et al., 2016, J. Hydrology 

l  Changes in permafrost�



3-D blowing snow simulation in complex terrain based on large eddy 
simulation and Lagrangian particle tracking method�

The snow deposition in real terrains due to snowfall based on typical particle tracking�

The snowfall deposition cloud map at different time (a) is initialized with meteorological data; (b) and (c) are 
initialized with constant speed of 5m/s.�



Glacier model physics�

� n� � � � � � � � � i � M� � �
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Li, H. L. et al., 2012, JGR�



4.2 Development of a river basin 
scale cold region modeling and 

data assimilation system 
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Cold region 
distributed 

hydrologic model

Satellite 
RS

Airborne 
RS

In-situ 
observation

Snow 
cover 

fraction

Soil 
moisture

precipita tion

Snow 
cover 

depletion
curve

Snow water 
equiva lent

Improving the accuracy of 
discharge simulation

va lida tion

va lida tion

Data  assimila tion

Guide observation
ca libra tion

Improve the cold region hydrological predictability by using 
remote sensing products 



Daily precipitation and other forcing dataset with 5km resolution, 2000-2014 
A multi-scale regional climate modeling and data assimilation system 

Accumulated precipitation (mm) Pan et al., 2012, JGR; 
Pan et al., 2014, JHM; 
Pan et al., 2015, RS; 
Pan et al., 2017, RS 
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Data assimilation: Synthetic surface soil moisture data 
assimilation via the ensemble Kalman smoother (EnKS) method�

The assimilation of surface soil moisture can moderately improve estimates 
of deep layer soil moisture, surface runoff and lateral flow, which reduces 
the negative influences of erroneous forcing and inaccurate parameters. �

OBS                EnKS-E                    EnOL                   EnKS-O�

Assimilation results� Spatial errors (RMSE)�

Lei et al., 2015, Advances in Water Resources�



5. Closing water balance at the 
upstream high mountain watershed 

of the Heihe River Basin 



HiWATER 

Water balance equation: upstream 

38 

𝑃=𝐸𝑇+𝑅+ 𝐺↓𝑜𝑢𝑡 +∆𝑆+∆𝐺𝑊+∆𝐶+∆𝐿, 

𝑅= 𝑅↓𝑠 + 𝑅↓𝑏  

𝑅= 𝑅↓𝑟𝑎𝑖𝑛 + 𝑅↓𝑠𝑛𝑜𝑤 + 𝑅↓𝑔𝑙𝑎𝑐𝑖𝑒𝑟  



Water balance in the upstream area of the HRB 



Predication of the glacier change�
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Changes in precipitation, runoff, snowmelt, and glacier melt in the 
upstream area of the Heihe River Basin from 2000 to 2012�
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H076: Integrated water-ecosystem-economy studies at 
the river basin scale 
Convener: Xin Li, Ximing Cai, Howard Wheater 
Session time: December 13, 2017 



6. Summary (1) 

n  The multi-scale high mountain river basin observing 
system in the upstream area of the Heihe River 
Basin, Qilian Mountains of China can be used as a 
testbed for cold region eco-hydrological process 
study, modeling and data assimilation. 

n  Cryospheric process models/modules were coupled 
into the distributed eco-hydrological models. 

n  A river basin scale hydrological DA system has been 
developed. 
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6. Summary (2) 

n  Cryospheric hydrological process dominates in the 
upstream mountainous area. Precipitation, runoff, 
snowmelt, and glacier melt kept increasing in the 
upstream area of the HRB from 2001 to 2012 under a 
warming climate. 

n  The onset of snowmelt has gone ahead. However, the 
contribution ratio of snowmelt to total runoff 
decreased. The contribution ratio of glacier melt to 
total runoff was slightly decrease as well. Frozen soil 
melt advances in time as well, it may also contributes 
to the increase of the portion of baseflow in total 
runoff. 
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Data sharing: http://card.westgis.ac.cn/hiwater  in English 
http://heihedata.org/hiwater   in Chinese 

Li et al., 2017, Scientific Data 



Thanks ! 




