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Attribution analysis of mountainous runoff evolution in typical basins of northwest inland rivers under climate
change//Li Guangxuan'?>” | Zhao Zhongnan', Li Yuanyuan', Chen Fei', He Jun', Pan Zharong', Li Wei', Zhang Yue',
Liu Zhen', Chen Kang'( 1. MWR General Institute of Water Resources and Hydropower Planning and Design; 2. College of
Environmental Sciences and Engineering, Peking University; 3. Key Laboratory of Water and Sediment Sciences, Minisiry of
Education)

Abstract: To study the water cycle and water resources evolution laws in the inland river basins of Northwest China under
climate change, the sub-basins of Changmabao Station on the Shule River and Kaqun Station on the Yarkand River were
selected as the research objects. The Sen’ s slope method was used to analyze the variation characteristics of hydro-
meteorological elements from 1956 to 2016. The Mann-Kendall trend test was used to identify the years of runoff abrupt
changes. The random forest model and SHAP method were applied to quantify the effects of precipitation, snow meltwater,
and glacier meltwater on runoff. The future runoff change trend was predicted based on CMIP6 multi-model data. The
findings indicate that from 1956 to 2016, both the Changmabao and Kaqun station sub-basins experienced a significant
warming-wetting trend, with abrupt change years in annual runoff occurring in 1993 and 1997, respectively. Under the
background of warming-wetting climate, precipitation and glacier meltwater in the two sub-basins showed increasing trends,
while snow meltwater exhibited divergent trends with one rising and the other declining. The random forest model can
effectively simulate the monthly runoff variations in both sub-basins, achieving the Nash-Sultcliffe efficiency coefficient of
0.975-0. 976 and 0. 984-0. 985 in the calibration period, respectively. In the Changmabao Station sub-basin, glacier
meltwater had the greatest impact on runoff, followed by snow meltwater and precipitation; in the Kaqun Station sub-basin,
glacier meltwater had the greatest influence before the abrupt change and during the overall period, while influence of
precipitation exceeded snow meltwater after the abrupt change. Projections based on CMIP6 multi-model dataset indicate
that the annual runoff of the two sub-basins may continue to increase in the future, but the increasing trend will weaken.
Key words: climate change; runoff; degree-day factor method; random forest model; the Shule River Basin; the Yarkant

River Basin

EE€WAE . BEZF W GHFERI H (2024YFC3211303,2022YFC3202300) ; B 54t SR 4 K50 H (21&ZD104)
PEB BT 2O0HF(1994—) 55, TR Wit SR AL 5 IS FFY . E-mail: liguangxuan@ tju. edu. cn
BIEEE 2R (1964—) 55 IE s TR, 8N FORKFIL 5 S AT 5Y . E-mail : liyuanyuan@ giwp. org. cn

- 152 -



FEAERAETS 5 T, 38 E XK G B FE 1E &
A B EARAL K E AR B PR TR
{18 PG AL P9 i i e, DX 7K 05 ™ B ke, K B TR A AR
W AR I 22 7K 9 R A R 5 Ak B K A B 5
FEAhAR | XoF A A8 Ak A i [0 e R SO XS R 3R
KR A TR BEF SRR L RS, I
SRR, RERERAS LB K% M X H % T 1) B VA 7
R, KGR T AR AR S ARRAE I 4, 1 — 25 IR T M X
(7K 2 4 ] ) BIF 5 DG I PR i T 3 3 R i
ARSI Xt T2 b X At 2 2 B R S fil B
JR LA RARAR K 3 A BRI A S B &
KEBEME,

HHT, B A A2 2E 3 1 R 56 T 74 4t 4 i o] 37 45k
TR U8 S K U AR A A R IR BT A C T,
KGR EAR SR, T4 Fog e el 2=
BB RN B AR A R v A 1) W 33
Mann-Kendall ( M-K ) 58 28 K 46 45 J7 %, 43 I 58 T
B A AR 1951—2020 4F < L 1956—2020 4F [
K 1972—2011 442 3 & A1 1956—2016 4F-fii 10
Tt AR R AR Al it B R LG AR P 45 3R W i ) YRl I
AR RRKR AR T R AN VD e A S iR
TR HF 2009—2019 4F 7] P 5 AR 119 Hh T 7k
PR} s HLGE T2 7 IR AL T4 I B ) R/S
AT ST T IR0 PG R AR M R K7 s 23 AR R AE A
% R BRI VG A R T AR A AR R R T R A R B
SR BLAE S i L M R AL BB MK %
ARG 6 1% 85 7 ST I R 8T IR 1957—2015 4
KGR TASACRRIE , WF 78 25 5 T R Rk
VR U A S R B R R R R 38 KU B
UK SO, e T TR A R S N, 3R B
BT T, 2GR A R A 5 VK T R e (1 98
X437 20K SCBE BI——SPHY ( spatial processes in
hydrology ) 5%t B #8707 42 0 A 20 S L AR Ak
TEHEFTRE s A0 BT, 25 R R W B s AR 0 B S lK 42
T KRR AR I AL T 7K (SR ) X 3t 3428 0t 9 BT
BRS04 13, 5% 12, 9% . 30. 5% F1 43. 1% ; T
FH SR SPHY AL ST /R SETAT I YA B
NI KGRI R, 5 SR e B SR SETRT 11 FE Y 1
P 7 v ] (B o Y] SO ) Y S AR I i &R
PRI RN DK X3 [ VR A 25 51 1 46 A1 T
( BAT ZE 3T SZ ) Dt S AR T e A B ) = 2 A7 3 9
VRO DX R ) 5 B 75 4507 SR FH 3% T Budyko 3%
(%) Choudhury 232X FIZK 5 Pl 7 %, 1158 3 B B B
AR e 355 A T 22 A XA 8 Ak R N 23 Bl 1o )
JEE | 45 T WA AR At A ST Bl A Ak e
Ref 7K 1 o XoF 428 4 R 412 2 4 D TS 0 AR Ak

(Gt b T AR R RN A k) el 52 i 2> 5 L
USRI P A VK N A B SWAT FE R 52 4047 T
AT Jri s P ) A28 38 8 722 A 3 B RS Y 1L AR
TR TR, 45 R4 W] 1967—2017 4F 5 S g A1 37t fsk
A 7 g AJT G oK A T o)t LLARS Bt ) DT ik 38 40
K 48.7%F 45. 5%,

R DN LR AN R T EN R P hE 252
Pt BT K SCR R R SR R R
Par B SR U K IR DTHR AT R R Sl AL
file BT 5 B —AE R Bz Z U BUNE YR RGN
RGBT o A SCHE P L R = K] i 2 — B )
TS BT 4 5 2 — [ R I8 b il 7 Ukl oy
IR RIE 1956—2016 41 B T BRI 3l =
Fruh 1 I R L B R Rl K KRl K A
FER AR TERT AT R A | @
b3z JH Bl B AR AR AL AR DL 45 3 A8 4k, i B SHAP
(Shapley additive explanations) J5 7% %€ 1 P Al K
TRV Rl A R K 1 il 7K Xof A28 722 Ak B B Bl 7, FiAd oK
RAZIR A AZ A, LI DA 74 b P i ] i el K 98
FRPEE A R TR R S5

1 WRXERSHREFRIE

1.1 HREHR

s 9 T Sl 7 3R H A PE LR e A AR
PUFR, H B A B A 38°00'N ~ 42°48' N, 92°11'E ~
98°30'E( &l 1(a)) ., i 8 AT #1834 L bk ) i
IRY A& %, T 5 4 K 583 km, ¥t 3k E
4.13 J7 km®, AR i M PG, g KRR B i b s
W ERE R R B BUETT S A E(T) .
TR B S 1L 1 (B B Rk Sl ) B S
ST, AR 1,48 J7 km?, (5 B 85 T S8 TR AR
(1) 30. 8%, It & T o4 ki T R I, BEAK D,
FERR RN 6.9 ~8. 8C , 4F[F /K Y
230 mm , AEVEFEZE UK S E 1000 mm™™ iR
PKNNRIARZY R 739 km® , FEARTRIE G A v, vk )1 il
KRRV Rl K R TR R HE R K Y BT R R B 4
30.5% 12.9% 13.5%F1 43. 1%,

IR I8 AT S A, P [ e VG 350 1 B e e R B
BIX, R AR A 4 22— W &R
35°27'N~40°20"N 74°27'E ~80°25'E (& 1(b) ),
FEE S R SN AR T AR BOI
AT 5 S AT S 50T IR SETAT K R S AR IR L
Wil B L bk sl B2 1L H 4 996 km, T
F110.8 J7 km*, A PY R I AR b I ZRIEAT R T
I PR A 7 AR R R K S R
RAEU,, R DL b Rk (R ) 1w A

- 153 -



>z

35()8 0 70 140 210 km
[ = = S—

&5 A K3k
— R
S—wk) g H
S Wik 4 H
[ s st

Eftm PR

1500
3000
N 4100
2 5000

0 50 100 150 km
O — )

(a) BiHHATHEEL

(b) /RIS e

E1 mEistse

Fig. 1 Overview of study area
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Fig.5 Comparison of observed and simulated monthly runoff at the Changmabao Station Sub-basin in different periods
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Fig.8 Future runoff changes under different climate scenarios
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