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Hydrological regime evolution and its driving factors in main stream of the Xijiang River under changing
environment//LI Jiging', LIU Jiali', DENG Shilang'?*, WU Liang' (1. School of Water Resources and Hydropower
Engineering , North China Electric Power University, Beijing 102206, China; 2. Guizhou Wujiang Hydropower Development
Co. , Lid. , Guiyang 550002, China)

Abstract: To understand the characteristics of hydrological regime evolution and the main driving factors in the main stream
of the Xijiang River under the changing environment, the runoff series was divided into natural and changing periods by
identifying its abrupt point, and the change degrees of various hydrological indicators were quantitatively investigated using
the range of variability approach based on indicators of hydrologic alteration. The degree of hydrological alteration and
Dundee hydrological regime assessment method ( DHRAM ) were used to assess the overall change degree of hydrological
regime, and the principal component analysis method was used to select the most ecologically relevant hydrological
indicators and capture the key hydrological variables. Furthermore, the impacts of climate change and human activities on
hydrological regime in the river basin were quantitatively assessed using the random forest model combined with residual
analysis. The results show that 32 hydrological indicators at four hydrological stations are dominated by medium and low
degrees of alteration. The degrees of hydrological alteration at Tian’ e, Qianjiang, Wuxuan, and Wuzhou stations were
64.7% , 61.34% , 51.70% , and 51.89% , respectively. The hydrological regime change levels at the four stations were 3,
3, 2, and 3, respectively according to the results of DHRAM, and the overall hydrological regime change degree at the four
stations was determined to be moderate. The change degrees of hydrological regime at Tian’ e and Qianjiang stations on the
middle and upper reaches are higher than that at Wuxuan and Wuzhou stations on the middle and lower reaches. Therefore,
the ecological protection on the middle and upper reaches should be paid more attention. Both climate change and human
activities are important driving factors for the hydrological regime evolution in the main stream of the Xijiang River. The
contribution rates of climate change to the hydrological regime evolution at Tian’ e, Qianjiang, Wuxuan, and Wuzhou
stations were 25.65% , 60.07%, 50.29%, and 55.22%, respectively. The impact of climate change on the hydrological
regime in the middle and lower reaches of the Xijiang River Basin is greater than that in the upper reaches.
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Fig.2 Change degree of hydrological indicators
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Table 4 D, and DHRAM calculation results
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Table 5 Eigenvalue and cumulative variance
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Table 6 ERHI sat each hydrological station
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Table 7 Runoff simulation evaluation results at

hydrological stations on main stream of the Xijiang River
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Fig.4 Comparison of daily runoff between base period and simulation period

- 15 -



et

TTRRF/ %

4 A, B, G D E
Eiz2n
(a) Kigl
61
s
:—E 0
=
= 3t
-6 I I I I I I L 1 s
A A5 Ag Ay B, By G D, E
£ty
(c) e

A&

DUHRE /%
[\

-4 1 1 1 1 1 1 L y
4 B By, G D D D, E
2y
(b) IEVLE

TTHR/%

-6 1 I I I 1 1 4
Ay Ay By By G D E
SN
(d) HHuh

B 5 SEEZUMAZEZNI ERHIs B HITTHE

Fig.5 Contribution rates of climate change and human activities to change in ERHIs

DX o 32 A2 PR Sy VG Y J A0 i 948 7K AR S L i Y
KRB K R R R a5, TP T R 4 XA 55
T i v VA M DX R i T 3 2 | AR R R B R 1Y
FASATE A I 5 ) A K K/ IN L T 9 48k P
AR, 2R AR Ak T 5 R K SO BB fe i) 22
2, 20 2 60 AR LIk PO VL3 M AR fh 1)
AN AR KL | FEK R T B0k K 25 U
A THETATERCAR TR A K SCAK SRy, B TR K S A
FRIAEAR 2 NS Bl % P T 3K SO A AR R
(8K S AR BAE LR 7 1 QPG VLI IsOK R =
B RAM KL, R K FIHXA LR e b
WK 2 S5 KR TR A3k I e A e AR a1 5 |
IR AR AL ; @ B I DL B BRI —PH 1T & 5%
1 & R A AR U K S B, 5 1K TR K i i iz
S TG S AR T TR T AR R AR A
XTI IK R U8 A BT & A A I PR Ak & 45
AR . K SO AR XTIk S K R A
T XS 7K ST AR SR B AN 5 e, B4l
B e I A AT RE AR R A S R Gl

4 4 it

a. XTPUVL T 4 /K SCul AR A2 7 41 1Y 98 4%
R B F B | Rty A VT, aRE U FE M 5 — kg
ASAEAY 43 531 SN 1986 4F 1986 4F 1992 4 1983 4F,
DA 53458 e 47 1 R SR e B R AL e

b. FIH THA-RVA %, 2T DHRAM Fi7K 348
SEREFELEA M TN, VYL T3 4 JRE/K SCul 5 4HK
SCHRBRAR A B 100 48 T SR 1) 3001 359 77 76 AS ) R B2 114 e
A REARIR SCIE SR B 1 o v ) e R B L

- 16 -

D i A =R BT WA L2\ VA (D G s Ll
el B AR I BT AR

c. KM PCA iL0ii¥E15 8] ERHIs, 2T RF %Y
B AR LR B R R 2 T AR, 45 & ik 25 57
B 3 S22 A 5 206 Bl 0 PO VLK SCE
AR ) EEIK B KR A AR AR P VLT K SO
AR AR M A BE I v 3 M DR T L Ui M
DX, bR et 7K AR 48 Ak 32 232 N R B 52
M), SAGE AR A X ATV A 3 7K S 3R AL Y 5 i 2
JERF AN, iRE 0 3 W2 A 2 iFoe 4G
X} 38 N7 B A A B P VT 3 A Sk A B Tl i i B
HHEHAEEZE Y,

SE Lk

[ 1] YANG Dawen, YANG Yuting, XIA Jun. Hydrological cycle
and water resources in a changing world: a review [ J].
Geography and Sustainability,2021,2(2) ; 115-122.

[ 2] 2R3 B8, AR ALPREE T 5 ) i oK SCid R 5
BRI [1]. K BTUAR I, 2023,39(5):9-17. (LI
Fawen, TAO Renjie. Analysis of factors influencing
hydrological processes in the Ziya River Basin under
changing environment [ J]. Water Resources Protection,
2023,39(5) :9-17. (in Chinese) )

[ 3] Rigik, EXE P, 55 AR T AR I AL A 0F
FEITEHERE [ V] K BEIR 5K TRE2A 4, 2022,33(2)
68-76. (SONG Yitao, WANG Shuangtao, LUO Pingping, et
al. Advances in research methods of runoff evolution under
changing environment[ J]. Journal of Water Resources and
Water Engineering,2022,33(2) :68-76. (in Chinese) )

[47] R Bk, FEME, % ET PP-RVA JE97K B ¥



RSO AIEANT [ ] TR R (F R B
f), 2018, 46 (6) : 479-485. ( HUANG Xianfeng, JIA
Yongle, FANG Guohua, et al.
evaluation of hydropower station downstream based on the
PP-RVA method[ J]. Journal of Hohai University ( Natural
Sciences) ,2018,46(6) :479-485. (in Chinese) )

[ 5] ERER, K. 5B AR T AN AIF 5T Ji B 3]
IKIRHRFRIXCTIT B[ T]. KGRI, 2024 ,40(2) : 1-
8. (WANG Guoging, ZHANG Jianyun. Research progress

on runoff effects of environmental changes and prospects

Hydrological regime

for research on the Yellow River water source conservation
area[ J |. Water Resources Protection,2024,40(2):1-8.
(in Chinese) )

[ 6] KRB, K2, 544 55 U ZE T 3 K
SCORPAFE MBI T [ 1], /K A4, 2013,44(7) - 779-
790. ( SONG Xiaomeng, ZHANG Jianyun, ZHAN
Chesheng, et al. Review for impacts of climate change and
human activities on water cycle[ J]. Journal of Hydraulic
Engineering,2013,44(7) :779-790. (in Chinese) )

(7] V355 AR, 5 %6 SR TR P AR GEV BEAL Y B
TR XA AR S AR R Z0 A [0 ] T K222 4l (A
SRBF2E ML), 2023, 51 (2) « 1-7. (JIANG Shanhu, REN
Mingming, ZHANG Erzi, et

characteristics of dry season runoff using a non-stationary

al. Study on evolution

GEV model in source region of the Yellow River[ ] ].
Journal of Hohai University ( Natural Sciences) , 2023, 39
(5):9-17. (in Chinese) )

[8] foeas BT, 5kan. IR F 2w s A 514
PR XSRS AR [0 ] 7K K R B 52 3 R | 2024, 44
(1):1-8. (XU Zongxue, BAN Chunguang, ZHANG Rui.
Evolution law, attribution and regional characteristics of
runoff for major rivers in China[ J]. Advances in Science
and Technology of Water Resources, 2024,44 (1) .1-8.
(in Chinese) )

(9] B bk, i g, P SE 5. I g dek b 3t 56 i e i K%
Hm 2R [T ], K BEIRPR I, 2022, 38 (2) : 147-153.
( LYU Xianglin, JI Shibao, QIU Yaqin, et al.
Characteristics of base flow in upstream of Fen River Basin

influencing factors [ J ]. Water
Protection,2022,38(2) :147-153. (in Chinese) )

[10] ¥93F5, RAEA, Wk A, 45 BT THA-RVA I TE W
BORSCE S AL T[], K3L,2022,42(4) - 76-82.
(JU Qin, WU Jiajie, YAO Tingyue, et al. Analysis of

and its Resources

hydrological regime change in Weihe River Basin based on
IHA-RVA method[ J]. Journal of China Hydrology,2022,
42(4) .76-82. (in Chinese) )

W, T3 X PREE  4F. BE T ERHIs 500 HES- A T
TR SO FAEIIFE [ 1], T EKRK BRI 5T B
AR (P3ES0) ,2024,22(1) 108-119. ( YANG Jing, LIN
Ziqi, ZHAO Qingxu, et al. Research on the change of

[11

[

hydrological regime in the YarlungZanbo River Basin

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

based on ERHIs method[ J]. Journal of China Institute of
Water Resources and Hydropower Research, 2024, 22
(1) :108-119. (in Chinese) )
UG, B, SR T, AF. BT IHA-RVA 356K
THUK SCIE PR [ ] AU AR K B 274 ( FAR
BI2E R , 2019, 40 (2); 16-21. ( WANG Hongxiang,
ZHAO Yingyi, ZHUO Zhiyu, et al. Hydrologicalregime
assessment of Zishui Basin based on IHA-RVA method
[J]. Journal of North China University of Water Resources
and Electric Power ( Natural Science Edition) , 2019, 40
(2):16-21. (iin Chinese) )
VLI, X AR B 55 2R PREE T IE i AR 725
KICHE S AZ T AR 58 [ 1] K B IR AR 4, 2022, 38
(6) :9-14. (JIANG Shanhu, LIU Yating, REN Liliang, et
al. Attribution analysis of eco-hydrological regime
evolution in the Weihe River Basin under changing
environment [ J |. Water Resources Protection, 2022, 38
(6) :9-14. (in Chinese) )
MRIEAL, W) 58, 22305, 56 S TR i VI ) 4 g
AR A A BTHR AR A0 [0 ] K AK e B
J'€,2024,44(3) :21-26. (LIN Yongquan,CHEN Qihui, LI
Qiongfang, et al. Analysis of contribution rate of runoff
variability of Nam Ngum River Basin in Laos based on
Xin’ anjiang model [ J ]. Advances in Science and
Technology of Water Resources,2024,44(3) :21-26. (in
Chinese) )
JIANG Chong, LI Daiging, GAO Yanni, et al. Impact of
climate variability and anthropogenic activity on
streamflow in the Three Rivers Headwater Region, Tibetan
Plateau, China[ J]. Theoretical and Applied Climatology,
2017,129(1/2) .667-681.
IR, NG B K SCT 5B 2 MRS AT i 3
I D]. ALsT At R (AEaT) L2021,
M A B % FET Budyko R AL R
HET LR AR AR AR DR A [T ] T R4l (A
SRELEML) ,2022,50(5) :25-32. ( YE Ting, SHI Peng,
ZHONG Hua, et al. Attribution analysis of runoff change in
the upper and middle Huaihe River based on Budyko
hypothesis and differential equation[ J]. Journal of Hohai
University ( Natural Sciences ) ,2022,50(5):25-32. (in
Chinese) )
23, X VL 7 BEHLAR PR BY A A 3 AR AL U [N
TR EE AR T T [T ]. B A ARl A 4 (R 3
3),2022,30(5) :864-874. ( WANG Yixuan, LIU Xia,
SHEN Yanjun. Applicability of the random forest model in
quantifying the attribution of runoff changes[ J]. Chinese
Journal of Eco-Agriculture, 2022, 30 (5) : 864-874 ( in
Chinese) )
KA, TR, SR, 45 JE T AL AL 1 K VTR
By X Z VR R B KU BT [ 1], KB IR LR,
2024,40 (3): 125-132. ( SONG Leiyue, ZHANG Ke,
.17 -



CHAO Lijun,et al. Research on zoning multi-source fusion
precipitation simulation method of the Yangtze River Basin
based on random forest model [ J ]. Water Resources

Protection, 2024 ,40(3) :125-132. (iin Chinese) )

[20] XUt FMERT A ph . B THLAS 27 T BRI 2 )2 + 0%

WRRE B[ )], T RS 4 (AR B L2024, 52
(3):7-14. (LIU Di, SUN Jiaqian, YU Zhongbo. Multi-
layer soil moisture inversion based on machine learning
models [ J ]. Journal of Hohai
Sciences ) ,2024,52(3) :7-14. (in Chinese) )

University ( Natural

[21] myHsk, mAes, TIRAL, % LT HLAR-2 2T B9 I i i

Z AT BE 7 BREE VAN [ ], K BEIRR A, 2023,
39(3):118-125. (GAO Weizhi, GAO Huayong, WANG
Zhaoli, et al. Comprehensive evaluation of multi-level flood
control operation schemes in the Taihu Lake based on

machine learning[ J ]. Water Resources Protection, 2023,

39(3) :118-125. (in Chinese) )

[22] FRUl. BRITAE 250 B AR B S e 5 R B [T ] P IEK A,

2020( 15) :53-55. (SU Xun. The practice and thought of
ecological flow guarantee of the Pearl River[J]. China

Water Resources,2020(15) :53-55. (in Chinese) )

(23] W7, BOOCSE, ERERT, 5. PUTL IR b K i A8 B

RO K AR R 00 [ 1] AR K L B i
2023,43(6) :128-136. (XIE Zhigao,JIA Wenhao, WANG
Xiayu, et al. Evolution characteristics of extreme rainfall
and influence on flood runoff in Xijiang River Basin[ J].
Advances in Science and Technology of Water Resources,

2023,43(6) :128-136. (in Chinese))

[24] skige, 2o, EXUH, 45, JLRRA) AR 51 58 AL 4 56

JTERIRT [T ], AR AR AR 2020, 51 (2) : 38-47.
(ZHANG Yuan, LI Changbin, WANG Liuming, et al.
Application and comparison of several test methods for
change points diagnosis in streamflow variations[ J]. Water
Resources and Hydropower Engineering,2020,51(2) .38-
47. (in Chinese) )

[25] RICHTER B D, BAUMGARTNER J V, POWELL J. A

method for assessing hydrologic alteration  within

ecosystems[ J |. Conservation Biology,1996,10(4) : 1163-
1174.

[26] RICHTER B,BAUMGARTNER J, WIGINGTON R, et al.

How much water does a river need? [ J]. Freshwater

Biology,1997,37(1) :231-249.

[27] W, 88) 2% BN IR A TBK SO AT AG &

AL ] K AR FERTSE,2023,30( 1) :91-96. (LI
Huanwei ,ZHAO Guangju,MU Xingmin, et al. Alteration of
hydrologic regime and analysis on its diving factors of the
Weihe River Basin [ J ]. Research of Soil and Water
Conservation,2023,30(1) :91-96. (in Chinese) )

- 18 -

(28]

(29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

BLACK A R,ROWAN J S,DUCK R W,et al. DHRAM :a
method for classifying river flow regime alterations for the
EC water framework directive[ J]. Aquatic Conservation
Marine and Freshwater Ecosystems, 2005, 15 (5) ; 427-
446.

RAHMAN M A T M T, HOQUE S, SAADAT A H M.
Selection of minimum indicators of hydrologic alteration of
the Gorai River, Bangladesh using principal component
analysis[ J |. Sustainable Water Resources Management,
2017,3(1) :13-23.

KANG H,MOON J,SHIN Y,et al. Modification of SWAT
auto-calibration for accurate flow estimation at all flow
regimes[ J ]. Paddy and Water Environment,2016,14(4) .
499-508.

FHER, Kz B, . E TR AR
FUE T [1]. KFF 3E R, 2020, 31 (3) :313-323.
(WANG Guoqging, ZHANG Jianyun, GUAN Xiaoxiang, et
al. Quantifying attribution of runoff change for major rivers
in China[ J]. Advances in Water Science,2020,31(3):
313-323. (in Chinese) )

GAO Qianyu, LI Guofang, LI Zhenyang. Attribution of
climate change and human activities to urban water level
alterations and factors importance analysis in central Taihu
Basin[ J ]. Urban Climate,2021,40.101011.
2SR, BT IR, T THA-RAV 35 A VTR X A= A5k
ARG [T ] R TIRR 7 BE Bk ,2023,40( 1) :37-42.
(LI Guanglu, FAN Lijuan. Study on ecohydrological
regime change in headwaters of the Yangtze River by using
indicators of hydrologic alteration and range of variability
approach [ J ]. Journal of Changjiang River Scientific
Research Institute,2023,40( 1) ;:37-42. (in Chinese) )
FEICHk, RS Tk, 4. T 60 AF SRR VLK SO HT
MTT. A AR K R K H, 2022 (4) : 1-7. ( GUO
Wenxian,ZHOU Haotong, ZHANG Li, et al. Evaluation of
hydrological situation of Minjiang River in the past 60
years, China [ J ]. China Rural Water and Hydropower,
2022(4) :1-7. (in Chinese) )

SE RS 2GS 1970—2017 A PE TSI K Ry
PEAHTLT]. 7K I3 K AL 2 4R, 2021, 40 (6) : 51-61. (SU
Heng, XU Zongxue, LI Peng, et al. Characteristics of
precipitation in Xijiang River Basin from 1970 to 2017
[J]. Journal of Hydroelectric Engineering,2021,40(6) :
51-61. (in Chinese) )

YANG Lin, ZHAO Guangju, TIAN Peng, et al. Runoff
changes in the major river basins of China and their
responses to potential driving forces [ J ]. Journal of
Hydrology,2022,607 : 127536.

(WS B 1.2024 -06-07 4tk Jitioll)



