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Attribution analysis of eco-hydrological regime evolution in the Weihe River Basin under changing environment //
JIANG Shanhu'?, LIU Yating'®, REN Liliang'?, WANG Menghao’, ZHOU Le*, REN Mingming’ ( 1. State Key
Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Hohat University, Nanjing 210098, China; 2. College
of Hydrology and Water Resources, Hohai University, Nanjing 210098, China)

Abstract: The variation extent of the eco-hydrological regime of the Weihe River Basin was assessed using the most
ecologically relevant hydrologic indicators (ERHIs). Seven indicators were selected as the ERHIs of the Weihe River Basin
using the principal component analysis method. The observation-simulation comparative analysis method based on the
variable infiltration capacity model was used to quantitatively attribute the changes of the eco-hydrological regime of the
Weihe River Basin. The results show that the runoff series at the Xianyang and Huaxian stations had a significant downward
trend, and the change points of both runoff series appeared in 1990. The comprehensive alternation degrees of the ERHIs
obtained from the measured runoff series were 41% and 34% , respectively, at the Xianyang and Huaxian stations, and
those obtained from the simulated runoff series at the two stations were both 18% . Climate change and human activities
caused the variations of eco-hydrological regime in the basin, and their contribution rates to the overall hydrological
alternation degree of ERHIs were 44% and 56% at the Xianyang Station and 53% and 47% at the Huaxian Station.

Key words: most ecologically relevant hydrologic indicators ( ERHIs) ; eco-hydrological regime; VIC model; changing

environment ; the Weihe River Basin
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Table 1 Test results of hydrological parameters

in the Weihe River Basin
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NSE RE/%
Ak gy —————————
EREN AR5 EREN A&
i s 0.67 0.68 7.4 _7.5
& B 0.80 0.85 7.7 7.6
Era 0.72 0.75 ~1.5 ~1.6

e h .

K] 0.84 0.89 5.0 4.9

3.2 ERHIs i BUREHE S

FETF PCA J732: 1 il B sl A4 EL 3l 32 4> THA /K
SCHRFRERFIE(E S SRR DTERR A& 3 i, Hop,
JEBRAK GG 955 1 F B4 (PCL) I DTHREE hy 45%
FRIE(E R 14. 27355 2 8043 (PC2) 5 PCL 1) B
Irﬁk%%ml% FRIEME R 5. 1351 6 A~ E 43 (PCs)

FIEEARK T 1, B BB R 81% . MR E4
EU?%U"J ez BRTTERR KT 80% HAFMEE KT 1
(1) PCs, i LAHF PCL ~ PC6 {1 Ay Jaki BH 5 v 7 19 32 1k
5% e HEBIKICHT ) PCL A TTRREE R 40% | FEAE(E N

12.77;PC2 5 PC1 1y B TTRREE R 58% , F#fEAE A
5.7, Hi 74 PCs BYAFIEME KT 1, RRTTHE N
83% . I, ¥ PCL ~ PC7 Ak Aig B oK SOk BT 5 (1)
FHI

PLJSC PR AR Bk Sk BT e ) PCs 2 faf (E Y 46
XoF {1 5 ey SR X A5 v 1) A A AR S TR TR S 3 A
g3 e TR U R B Y T N FRAR T
IR R T d SR AR RN H R AT
AEEK H i A ERTE 1 H P as (12 AP
S OFITAT R U A K e R AR R, A SR T T I R
ERHIs,

A1) (2) 115845 5 A1 B K Sk iy
32/~ THA 7K SCHE #5 25 6 20022 B2 43 50l o 40% Fil
37% ,7 1~ ERHIs [ 2% & o 28 5 43 5 ok 41% 0
34% , ] LAFE P TS AE R A 22 AR, e T
ERHIs B A3 B S H X 7 3 A 25 7K SO #4
AR

T VAT B P AN 48 Bk SCak 7 4~ ERHIs (1 B
[B) AR FE AR AR 430 DL ] 4 FITEL S IR 2T i 4 3R 26

e BRI —— BEBTRE

15 I e LY
1412 190
\ Ve

spt 180 =
4 \ / 170 B
= 4F |/ 70 ¥
=Tk =
£ 3 7l 160 HEE
2 _/ “.\,.\ 4150 ?Ii

1r A S, 140

. L teeeses0naaas " 30

0 4 38 12 16
F RS

(a) JUPHAK Lo

20 24 28 32

15 gmon-m-momoRmTmETETETETeS e 100
al ./_4,.-/"" 490
13F
ny, Lo &

° v %

i‘t iy 460 HX

3 /| Eé
il 450 gg
2+ S |

] ; . . 140
| X *-e ®9e0ep0000aaaa v 30

0 4 8 12 16 20 24 28 32
5%
(b) K3

B3 BaRESEENRRamET L

Fig.3 Variations of eigenvalue and cumulative contribution rate in the Weihe River Basin

100, 1sor
= 80 =
@ ~ M(:”
= OTER é
= 40 JIIM J. 5 6
= 20 \qf 5

J 15 1000
\J»/ J&v B seof"

2500
2000
E 1 500(-,

e, W\t

1960 1980 = 2000 2020 1960
2

(a) 1 At
300

§260

e e /Lf'i %'EZZO
v *180

5 =140

0

0 10
1960 1980 2000 2020 1960

“Wwfy

I [/

(d) 4FEm/NH (}ﬁiﬁﬁiﬁ:‘ [A] (e) 4FdK H i & A (A

1980 2000 2020 1960

(b) 12 ﬂ?ﬂwm;

19802000 2020
DGy

1980 2000 2020
AEy

(e) BT d Vs
0

= LA

1960 1980 {2000 202() 1960
3

(f) A I ik o & AR B

1980 2000 2020
befh

(g) i B a2

B4 1961—2017 £ R FE7k 32 uh ERHIs i) A 8 25 L $54E
Fig.4 Temporal variations of ERHIs at Xianyang Station from 1961 to 2017

- 12 -



200

NS}
~
(=)

ALV . Sl L1
:éloo'm : A i “ & Xq l\
i) : .t 18 90k | J
2 50 | E 3

- J%M@ Rl

.\¢ e ---M

i

0
1960

1960 1980 2000 2020
My
(a) 11443t
o
I TI280F 4 2,4 .
=l St B
E200ilAthen Wl o 200 W TN
=100 | =
50 120
1960 2020

1980 2000
I\

80 '
1960 1980 2000 2020
1 DY

(d) AFJ5e/IN H i e A 1 1] (e) ARSI H i B A LR ]

Ll

\h.’\. -I.' -

1980 2000
Ay

(b) 12 A V-

O L 1 ]
2020 1960 1980 2000 2020
DY

(e) TR T d oyt

0
20 o M
16 -8, ""';-’JV& J&.{ﬂhvﬂh‘
12 6 \ﬁ

IR %

-&M’MI\%’WW =

1960 1980 2000 2020
DY

40 . . )
1960 1980 2000 2020
4

(f) AR it Ik i 5 A R (g) Vi EEFHm b2

B S5 1961—2017 4 8k Xk ERHIs R 8 25 4L 45 4E
Fig.5 Temporal variations of ERHIs at Huaxian Station from 1961 to 2017

PR PR X 3 R B A5 R 95% 1 IX (], A]
PAE R BHS ) 1A SEX i 12 5 SF- Y 5
K7 d S5 B LAEE4E 0. 66 m*/s 1 m'/s FlI
12 m® /s 3 R W [, 4T 10 O Bk o & A U B,
S LI N 3 SR T T o WA R SUSL TSl N K8
T/ INFIER R H T i A& A I TR RS PR 80 B B AR f .
e ELOKSCHE 12 A ¥ A ok 7 d S 4y
SILAEEAE 1 m®/s F1 19 m*/s (13RI 5 F &, B
IWER S W R TN S SN = Tl <
5K SO — 8, SRR A I T TR s it
WA 7 gl KR 55, FLAR I A R N
3.3 ABKXBEBETHEEAE

A A AL X Lo B ik R0 B AR AR
P AN B0 063 T AT A 25 K SO 3408 A8 1 BTk R
23 2 PH AN AR BRSO 43 1 DA S AR I S VIC 5
U B R R A B () ERHIs 2l A8 B, 7
FLF S0 781 i) ERHIs 2545 828 BE 4390k 41% i
34% ,HB A EE A JE TN 51 A9 ERHIs 254
AR FERR N 18% , J& TAREE AR . A3 HT4h R
N 25 300 5 B Fn A Bk SCih ERHIs 254 2k
75 BE AR A4 3R 23% F16% | N3E B A 257K
SCAEFAE AR (1 STk R 550k 56% F1 47 % < A28 Ak
XoF A 25 7K SO AT AR 1 BTk R 0 4 A 44% i
53% , 3% WIIR A 30 3 24 285 7K SO 4 Ay T A 2 v o 3
ELEE LS

FE T SR 3t %) 3t £~ YA D 3 A Rl B A A B
IRSCH ¥ e AR T v v R R B R T X A 4 b A
FAGHDAR A0 3485 SR v A A A R AR AR, X 3
N 295 Bl 0 A 25 7K SO S48 748 1) 5% 1) 32 B IRAE
FE R I AR I8 VAT I SRR K 2

%3 BiiiE ERHIs fEE
Table 3 Change degree of ERHIs in the Weihe River Basin

AR/ % HUERR
IRk IHA $845

S Bl s B

1 Ay 11 25 fi& ik

12 F P37 4 11 i 1%

R T d Py 58 38 i 1%

e e/ H i & A ] 10 4 {iis 1%

ek H i & A B ] 28 5 ik i

R R LR 35 6 GE 1%

i 5 79 3 [ 1%

LR E 41 18 i 1%

1 AP 32 32 i 1%

12 ¥ 25 24 ik ik

R T dSFH i E 44 3 i i

e e/ H i & A B ] 25 18 ik 1%

RARWRAENT 4 2 &
RIS 26 17
WRTEEMAE 57T 10 b &
LAY 3418 b (&
ARG B, A M HE R K BB i K 4R
FETREAELBE T R R 7K ) SR A B R K 4R
TR A M, PR S BOR AR I e A
FBEE L A, S ot SRR A A 25 K
i B4R ) T B SR PAY  K A DR R AR AN
(R DI 5 e A A5 K SCHR AR S

4 %

%

a. 1961—2017 AF{E ] i Bl AR R K B 2 A8 I 2
RS RH AR BLK SO AR AR I 5 i 2 D
BT 1990 4FE IS AE MRS VIC A E T
TR T Sk Scad i NSE &6/ R 0. 67, RE 48 %A
wARHNT. 7%,

b. YB3 ERHIs $5 b5 Ry i i P33R

- 13-



K7 d ¥ i i & AR R AR R H
Ui R AR E] 1 TR 12 R AR
DTN L . AR/ &S G T o e N AR N ) o < -
St I e A A 5 [R) G B S AR Ak, AR AR PR 38 2 R
LR

c. JaPHAAE Bk SCul S ERHIs 276 ol 48 B
R 41% F1 34% AR s ERHIs 255 AR i
h18% o N1 3h X} g FH A4 Bk SC il ERHIs 25
A A [ TR 5 IR 56% R 47 % | JE] i Sk AR 2
TR SCIE B 2R B A5 AR A AT 23 Bl 2L R 1
FTEk .

S 3K

[ 1] SBOCik, 258, i), 45, JE T THA-RVA J% =K &
TR A A K SR AT [T ] AR B IR B
1%,2018,27 (9) :2014-2021. ( GUO Wenxian, LI Yue,
WANG Hongxiang, et al. Assessment of eco-hydrological
regime of lower reaches of Three Gorges Reservoir based
on THA-RVA [ J]. Resources and Environment in the
Yangtze Basin,2018,27(9) :2014-2021. (in Chinese) )

[ 2] VLR, AR AT R, 45 BT AR 25 0 B B (E 1 it /K
SRR A E B IA R ()], KRR, 2021,32(3)
356-365. (JIANG Shanhu,ZHOU Le,REN Liliang, et al.
Quantifying attribution of the river hydrological health
variation based on ecological-flow threshold method [ J 7.
Advances in Water Science,2021,32 (3) :356-365. (in
Chinese) )

[ 3 ] MCMILLAN H K. A review of hydrologic signatures and
their applications[ J]. WIREs Water,2021,8(1) ;e1499.

[ 4 ] LIANG Xu,WOOD E F,LETTENMAIER D P. Surface soil
moisture parameterization of the VIC-2L model ; evaluation
and modification[ J]. Global and Planetary Change, 1996,
13(1/2/3/4) :195-206.

[ 5] OKI T, KANAE S. Global hydrological cycles and world
water resources| J ]. Science,2006,313(5790) :1068-1072.

[ 6] T A 3l 5 4 R ASM522 fb SH X 7K B8 Y
ma [ J]. = E K Fl, 2008 (2):20-27. ( DING Yihui.
Human activity and the global climate change and its
impact on water resources [ J |. China Water Resources,
2008 (2) :20-27. (in Chinese) )

[ 7 ] E&AE, RESLAE, TIEE, &5 U5 N3 sk
SCGEM B HERE L) ] KRR, 2012,23(2) 278
285. ( DONG Leihua, XIONG Lihua, YU Kunxia, et al.
Research advances in effects of climate change and human
activities on hydrology [ J ]. Advances in Water Science,
2012,23(2) :278-285. (in Chinese) )

[ 8 ] HOMA E S,BROWN C,MCGARIGAL K, et al. Estimating
hydrologic ~alteration from basin characteristics in
Massachusetts [ J ]. Journal of Hydrology, 2013, 503
196-208.

[ 9 ] BEsi, U550, 300, 2. UM AR ALK R AR X PR A

.14 -

RIUR e K SO R 520 [ 1. KR 7K i B 3 g,

2020,40 (4):1-7. (BAN Xuan, SHI Chongwen, GUO

Hui, et al. Effects of climate change and water

conservancy projects on hydrological regime downstream of

Danjiangkou Dam [ J ]. Advances in Science and
Technology of Water Resources, 2020,40 (4):1-7. (in
Chinese) )

[10] RICHTER B D, BAUMGARTNER J V,BRAUN D P, et
al. A spatial assessment of hydrologic alteration within a
river network [ J |. Regulated Rivers; Research &
Management, 1998 ,14(4) :329-340.

[11] skscit, BRI ARER 55, TR /K Xl 428 it i A
IKSCHERR R LT ] K BEIRAR A, 2021 ,37(3) :61-65.
(ZHANG Wenhao,QU Simin, XU Yao, et al. Influence of
Pohe Reservoir on runoff process and hydrological regime
of Huanghe River[ J |]. Water Resources Protection,2021,
37(3) :61-65. (in Chinese) )

[12] AEIUNG, 2, R, 45 3 T = A R o - A

BRI T A LR A VRN [T, KB IR AR,

2021,37(3) :145-151. ( DU Xianzeng, YUAN Yuliang,

MENG Yu, et al. Comprehensive health evaluation of

Huaihe River mainstream based on compound fuzzy matter

element-entropy weight combination model [ J ]. Water

Resources Protection, 2021, 37 (3 ). 145-151. (in

Chinese) )

WRon B J A e, i kol 5. R AR ST KA RVA %

IR LT . K BE PR3, 2005, 21 (3) :4-5. (CHEN

Qihui, XIA Zigiang, HAO Zhenchun, et al. RVA method

for the computation of ecological water requirement and its

—
—_
w

[

application [ J ]. Water Resources Protection, 2005, 21
(3):4-5. (in Chinese) )
[14] YANG Zhifeng, YAN Yan, LIU Qiang. Assessment of the
flow regime alterations in the Lower Yellow River, China
[J]. Ecological Informatics,2012,10:56-64.
FRARA, AR TN, Z2IM 2. AR S R A SC K SCHpR Y 0 12
AR 2 ) B85 O B A B P g R L ] W R,
2018,30(5) :1235-1245. (CHENG Junxiang, XU Ligang,
JIANG Jiahu. Optimal selection of the most ecologically

—
—_
[O)}

[

relevant hydrologic indicators and its application for

environmental flow calculation in Lake Dongting[ J ]. Journal

of Lake Sciences,2018,30(5) :1235-1245. (in Chinese) )
[16] YANG Y C E, CAI Ximing, HERRICKS E E.
Identification of hydrologic indicators related to fish
diversity and abundance:a data mining approach for fish
community analysis| J |. Water Resources Research,2008 ,
44(4) . W04412.
TL8 IR AR R FE, 2. USRI AT s X 2 i
TR AT A2 [T ] K BER AR 4,2010,26 (6) - 1-4.
(JTANG Shanhu,REN Liliang, YONG Bin,et al. The effects
of climate variability and human activities on runoff from
the Laohahe River basin in Northern China [ J]. Water
Resources Protection,2010,26(6) :1-4. (in Chinese) )

(T#% 70 )

—
—_
EN|

[



Response of Dali Lake area to climate factors in the past
45 years [ J ]. Journal of Arid Land Resources and
Environment ,2019,33(2) :110-115. (in Chinese) )

[12] WSS, BRI, fhaEd, 45, 5 X PR R s

A K ZE R R USLT WAL ], T 52 X5,
2020,37(5) : 1095-1104. ( CAO Guoliang, LI Tianchen,
LU Chuiyu, et al. Dynamic variation and evaporation of
seasonal lakes in arid areas:a case study for the Aiding
Lake[ J]. Arid Zone Research,2020,37 (5) :1095-1104.

(in Chinese) )

[13] ARG, B, Lhibe K. Py ftiing 2 8] 91 /A sl v A2 1

LRI AT : A R B W X 0 [ 7] 568
1% ,2020,32 (3) : 149-156. ( HUO Tianci, YAN Wei,
MA Xiaofei. A study of the variation and driving factors of
the water area of the terminal lake of inland river:a case
study of Taitema Lake region [ J]. Remote Sensing for

Land & Resources,2020,32(3) :149-156. (in Chinese) )

[14] B, XIS, 22 R, A% LT T 5 X ik 1/ B

B AT 1A 7K BT 2 00 - LS T 3 38 491 (2000—
2018 4F) [ J]. #yA#l~+,2021,33(3) :727-738. (LIANG
Xu,LIU Huamin, JI Meichen, et al. Effects of land use/
cover change on lake water quality in the semi-arid region
of Northern China; a case study in Lake Daihai basin
(2000-2018 ) [ J]. Journal of Lake Sciences, 2021, 33
(3):727-738. (in Chinese) )

[15] CAO Yang, FU Congsheng, WANG Xiao, et al. Decoding

the dramatic hundred-year water level variations of a
typical great lake in semi-arid region of northeastern Asia
[J]. Total 2021,
770 :145353.

Science of the Environment

[16] 106, Bl SCH BT Fk, 5. Bk Budyko J5 2

B n AR KA SE [ ] K BRI 4, 2018 ,34
(2): 7-13. ( WANG Weiguang, LU Wenjun, XING

(L% 14 1)
[18 ] JTANG Shanhu, WANG Menghao, REN Liliang, et al. A

framework for quantifying the impacts of climate change
and human activities on hydrological drought in a semiarid
basin of Northern China [ J]. Hydrological Processes,
2019,33(7) :1075-1088.

[19] FEREPK, Kz BB, 5. v 32T AL AL

HE B A [ 1], KB it Jig,2020,31(3) :313-323.
(WANG Guoging, 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) )

[20] AESL R, TR A=, 5K, A5 AR AT MBItk S+

SR ARRHIE SR [T ). KR} 27 B, 2016,27 (4) : 492-

<70 -

(17

[

(18

[

[20

[

—
[\
—_

[

G G S S S S S S S O G S G S G G G S G G O G s

[21]

Wangqiu, et al. Analysis of change and attribution of
Budyko equation parameter n in Yellow River[]]. Water
Resources Protection,2018,34(2) :7-13. (in Chinese) )

SRR, BRI, B8, 2. K SOF S SIS A
RAET7 ik [T]. KB PR 97, 2019, 35 (6) : 58-67.
(ZHANG Shuqi, ZHANG Hongbo, XIN Chen, et al. A
method for trends

characterizing and morphological

changes of hydrological series [ J ]. Water Resources
Protection,2019,35(6) :58-67. (in Chinese) )

HHACH, ZC TS, AR, , A5 R AT VLA A 7 T
AL R H A AL A R 1 [T ] KRR HL R ot
2021,41(1) :16-23. (HAN Xianming, ZUO Depeng, LI
Peijun, et al. Spatiotemporal variability of vegetation
cover and its response to climate change in Yarlung
Zangbho River Basin [ J].
Technology of Water Resources,2021,41(1) :16-23. (in
Chinese) )

PEREZ S I, DINIZ-FILHO J A F, BERNAL V, et al.

Advances in Science and

Alternatives to the partial Mantel test in the study of
shaping human morphological
variation[ J ]. Journal of Human Evolution,2010,59(6) :
698-703.

SCHUOL J, ABBASPOUR K C, SRINIVASAN R, et al.

environmental factors

Estimation of freshwater availability in the west African
sub-continent using the SWAT hydrologic model [ J].
Journal of Hydrology,2008,352(1/2) :30-49.
XA B M, 55 R T SWAT BRI T4 1
TERBAR T T ] KB PR ,2016,32(6) :39-44.
(LIU Bojun,QUAN Jin, YANG Chaohui, et al. Simulation
of runoff of major basins in Qinghai Province based on
SWAT model [ J]. Water Resources Protection, 2016, 32
(6) :3944. (in Chinese) )

(ks H391:2021-10-26  Ziie: Jifioll)

S G S S S S S S S o S G S G G G G S Sy

500. ( REN Liliang, SHEN Hongren, YUAN Fei, et al.
Weihe

Hydrological drought characteristics in the
catchment in a changing environment [ J]. Advances in
Water Science,2016,27(4) :492-500. (in Chinese) )
SRIGEFS | FREZH A0 BRIGEIR , 45 U AL A9 Bl XA
TR AR BT RE M [T ], VLR AP BOR 7 4k
(BB /) ,2007,35(2) :153-159. (SU Xiaoling,
KANG Shaozhong, WEI Xiaomei, et al. Impact of climate
change and human activity on the runoff of Wei River
basin to the Yellow River[ J]. Journal of Northwest A & F
University ( Natural Science Edition) ,2007,35(2) :153-
159. (in Chinese) )

(Weks B 41.2021-08-16  ZRi . fr=H)



