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Runoff components contributing to streamflow RSkl
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Definition 1 based on water source: Ice melt%+Snowmelt%+Rain%=100% Definition 2 based on flow pathway:

Runoff Generation o Input (e.g. Rain, Snow, Icemelt) Ice melt%+Snowmelt%+Rain%+groundwater%=100%
Definition 2 Definition 1

' Precipitation R — groundwater (red), ice melt (blue), snow melt
(orange), rainfall-runoff (green)  |ut7 et al. 2014
' Rainfall

Weiler et al. 2018
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Glacier measurement & water sampling

Glacier mass balance measent duri 201 "

Water sampling for isotope analysis during 2015-2018
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* Three methods for quantifyinﬁ contributions
of runoff components & Results
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Bayesian mixing approach 2H
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End-member mixing approach
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EMMA: Traditional end-member mixing approach
Bayesian_O: Bayesian method using Oxygen and EC
Bayesian_OH: Bayesian method using Oxygen, Hydrogen and EC
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Stepwise calibrated hydrological modeling

Hydrological modeling T '
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Stepwise calibrated hydrological modeling
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Isotope-aided hydrological modeling
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Isotope-aided hydrological modeling
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How do the three methods compare

Lok s LA T Contents lists available at Scie
i {# Random Forest machine learning algorithm
I"-:‘:_ﬁ-"'_+ i ._1_':_,, .- . .
gl Journal of Hydrc - lcomelt 0o Rainfall
: = Corrf=0.94 - Corrf=0.94 P
o I L NRMSE=0.33 ’a NRMSE=0.25 7
s L ¥ 80| Bias=-0.03 P 80 | Bias=-0.03 e
. s . ) o .E‘ // /' *
F1 SEVIER journal homepage: www.elsevier.cos 3 y 50 P
b : = 7 . )
m 8 S et e edoles "
= E 40 M,‘..,.,’. ., 40 ..;3-*.-“ :
(1) bt :q.' 't’J .-‘
_ o 20| .o 20 ._;-V'"
Review papers o ; D-";
© 0 50 100 0 50 100

A rrletﬂ_al-l ﬂl}’SiS based review El'f qllaﬂti fyiﬂg tl].E E‘ 10(;RCS reported in literatures (%) 10(;RCS reported in literatures (%)

% Corrf=0.75 P Corrf=0.63 7
® * B [ ] L NRMSE=0.56 - NRMSE=0.48 v
components to streamflow in glacierized basins & 80 Bias=0.04 80 Bias=0.06 R
E g 60 // 60 ) é//c &

Zhihua He *", Doris Duethmann °, Fugiang Tian ® - LI S |

o 20 :ciocé%‘;b%g"ﬁ%jo
:G'Erlb'efcrr Hydrology, Universicy :#'Smkan:hewm Saskatoon, Saskatchewar, :‘_'-'u:rlludu . . § e

Department of Ecohydrology, Letbruz Institute of Freshwater Ecology and Inland Fisheries (IGB), Berlin, Germ © 50 100 00 50 100

* Department of Hydraulic Engineering, State KeY Laboratory of Hydroscience and Engineering, Tmanghna Unive CRCs reported in literatures (%) CRCs reported in literatures (%)
He et al. (2021)



GFZ

Helmholtz-Zentrum
PorTspbpAm

Summary

* |n a Central Asian glacierized basin with a size of 230 km?, 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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