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Structural evolution of runoff components in water resources conservation area at northern foot of the Qinling
Mountains under future climate scenarios//HAO Shuai'”*, ZHANG Hongho'®, YANG Jiawen'”, LIU Fang'?, NING
Zhiyuan"? | LI Yihang'* ( 1. School of Water and Environment, Chang’ an University, Xi’ an 710054, China; 2. Key
Laboratory of Subsurface Hydrology and Ecological Effect in Arid Region of Ministry of Education, Xi’ an 710054, China;
3. Key Laboratory of Eco-hydrology and Water Security in Arid and Semi-arid Regions of the Ministry of Water Resources,
Xi’ an 710054, China)

Abstract: In order to scientifically understand the evolution pattern of water resources in the Yellow River Basin and
explore the structural evolution process of runoff components in the water resources conservation area at the northern foot of
the Qinling Mountains under future climate scenarios, the control basin of the Heiyukou hydrological station at the northern
foot of the Qinling Mountains was taken as the research object. Based on CMIP6 global climate model data, the SWAT
model and DWT-LSTM coupled model were used to simulate the structural evolution process of runoff components under
different climate scenarios from 2030 to 2050. The results indicate that, in both the SSP2-4. 5 and SSP5-8. 5 scenarios, the
water resources conservation area at the northern foot of the Qinling Mountains will show a trend of warming and
humidification in the future. In the SSP2-4. 5 scenario, a significant decrease in future baseflow leads to a decreasing trend
in total runoff, and the attenuation rates of baseflow, surface runoff, and total runoff are 19%, 15. 4%, and 17%,
respectively, compared to the historical period. In the SSP5-8. 5 scenario, the future regional baseflow, surface runoff, and
total runoff all show an upward trend, with increase rates of 2. 6%, 11.2%, and 7. 5%, respectively, compared to the
historical period. In both scenarios, the average future baseflow index will be lower than the historical period, indicating a
decrease in water conservation capacity.

Key words: water resources conservation area; runoff evolution; baseflow separation; climate scenarios; CMIP6; SWAT;
northern foot of the Qinling Mountains
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Fig.1 Topographic variation of study area
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Table 1 Sources of driving data for model and description
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Table 2 Initial ranges and optimal values of SWAT

model parameters

S8 Hfy Eup RN S VR[]
r_CN2. mgt -0.5~0.5 0.36
v_CANMX. hru mm 0~100 5.60
v_EPCO. hru 0~1 0.76
r_SOL_BD(1). sol o/ em® 0~0.5 0.50
r_SOL_AWC(1). sol mm -0.5~0.5 0.24
r_SOL_K(1). sol mm/h -0.8~0.8 0.53
v_GW_DELAY. gw d 0~500 232. 11
v_ALPHA_BF. gw d’! 0~1 0.23
v_GWOQMN. gw mm 0~3000 2541.30
v_GW_REVAP. gw 0.02~0.2 0.18
v_CH_N2. rte 0~0.3 0.23
v_CH_K2. rte mm/h 0~300 278. 84
T AL (E it S FA 7K i
150 0
120 |- 1200
-~ £
T 90r £
N 400 Q
E_j 60 “&
20l 4600
0 N A7, 800
1977-01 1978-01 1979-01 1980-01
st ]
(a) ZEWIBHILE R
250 0
200 1200
—~ =
2 150 - £
E 1400 E
0 100 - Ao
B 4600
50 |- ‘
0 : - /800
1982-01 1983-01 1984-01 1985-01
fisf ]
(b) BEERIL, R
90 160
E E 120}
=l =
= = 80
Z 30! =
L] R=094 & 4ot R2=0.87
ES Exs=094 75 Ens=0.81
0 30 60 90 0 40 80 120 160
T SEIUE/ (m¥s) T SIS/ (m¥s)

(e) FEBHIBOR (d) BIEHIRASCR
3 SWAT #EREMER

Fig.3 Simulation results of SWAT model
WA R AR AL, BB T DL X R H K STk
1974—2019 4F3% HARHL P S HEA T 70 &1, FF-22 i 43R
TARHEIZE  ANIE 4 (a) Fizs . DFL B N 3R
ZIN IO P87 PR PR 2 53 228 1 90 81 e oy A 182 F) 28 9 , S
BRAHE 2t TP X 7, = 60d, @it

0.7

DS
0.6 DI
0.5 DL
= 04 DB
2 03
0.2
0.1 T
0 15 30 45 60 75 90
N/d
(a) FERFEAFE LR
. DS DI
DL DB

WY M m3
-

H

~

O 1 it L i
1975 1986 1997 2008 2019
g
(b) BRI

N =N A\ r~=N
FE I e R

2 (a5

@ 1.0 1.0
\E] . A
< 08 0.8
a2 bt 3
;lg 0.6 0.6 ﬁ
@ 0.4 B ’ 0.4 %

, . ]
g o
0.2 ». 402
ES —F
‘:46.‘ 0 L L L N L L L L L L 0

1 23 45 6 7 8 91011 12
A
(c) B, BWAENZELL
FE i R

2T [
1.0

0 L i ) ~10
1975 1986 1997 2008 2019
iy
(d) 0 BIRAERRAE L
4 FERASKSRERELSFE
Fig. 4 Classification of runoff components and baseflow

evolution characteristics

FIFIN = 0 F T, Z[H i et A8 4k, vl o
2 AW N AE, B 5,25 d, F R E Y T A T
RMCT, W EEAT 4 3 R 41, v 4% 3] DS DI, DL
FI DB 4 NS, i 4(b) Fiw, MIE 4(b) Al
VA, DS #R i g 4y A8 Ak 5 R B ek HRIZY i DI,
DL 1 DB 42 it 2H 43722 Ak 70 Bl 0 AE X 382/, 90 L i
R IEIR DS o T I e 7 5 Z HL A
B sh# K, DIL.DL Fl DB 42 i 41 43 52 B 3 80 0
- M R K G2 A R M XoF A T ) e 1, AN SR B HL
FETE—E T, BRI AR RS B RS 1k

¥ SWAT B RUBLHIAS 2] L R A2 = 5 DS,
DI DL 12 i 20 43 S FL 2l & AT L X, 25 3 an sk 3
e MR 3 TLIEH, RAE RS DS R4l
VYA e e o T ELAH OGP A, k4 DIL DL DB
TR o3 1 BRI R Sy U A0 30 AU, FLAF Py FIAE

<173 -



FrAZAE s an &l 4 (c) (d) Fion
xR3 WMRERSAREZRESESHIELER
Table 3 Comparison results of surface runoff and different

runoff component combinations

" b e o e 7 ) RMSE/
i B IH A 3 NS 3
HAE (m’/s) (m’/s)
R AR 5.77
DS 6.73 0.91 0.89 3.42
DS+DI 9.20 0.88  0.60 6.47
DS+DI+DL 10.29 0.87 0.46 7.51
R AR 17.74
DS 17.43 0.91 0.89 7.88
RN
DS+DI 22.17 0.89 0.79  10.97
DS+DI+DL 23.11 0.89 0.77 11.47

TPl 4 () W0, J 3 5 A0 U A R AT P A8 fh 3
AR B[R] 1) M B SRR EE R e 7—9 A, il
I REK B AR 5 L AT B Sk W
BB —EE 5 X FEOL T8 8 e
AENAS LA XS R 2L, NBUE FFE, 13 H 11—
12 A R8BSR T 0. 8,1 7—9 H EE 45 %5k
W HPRFFE 0. 3 2247, Ui B FE 37 2 28 18 b A 7K 30
PR BRI, T AE /KU 32 B N = s ), L3
SR TE AR I Y A7 EE AR T AN, R 4(d)
AIAT, FEAREBRAR AL [ R 5T IX 1R 35 3 1 5 10 i e S
[ R M T PR S e SR naE TR
A 0. 038 42 . -0. 11 {2 m*/a, [R5 78
T, LI AR LIS ST AR, EL s B /s
TR, it En,1975—2019 ik £
SRS FER RN 1,96 12 m® , Fe KR H BRAE 1983 4F
(4.08 12 m®) , B/ IMEH PLAE 2017 4E(0.28 /2 m*)
A7 HE B B AR A Al n] LK B, 5 3 48 KA 34
{EZ9°R 0. 47 , 2 BBIFG 3 30 385 P9 907 38 48 0 o 3 —2F
o H U KRN, K9 IR 57 BE % 23 I8 b i 1 T
VAT R BRE 5 /K R B 28 G B 2 SL R 4 Al I
T L T RIE I A AT AR O R Y S W
B 10 BH R P S Ul A L T ) 1 AR A X 221
{ELIC R R R 7 TE B BT 3 il o A I K 28 42
Dy VR H 28 8, B A PR R DX 38K 98 R 2 42
AR DGR PR 28, 0 L2 A T 52 2 b g A0k =14 40
[i] , FE I ARG PR AR FF 2 0 AU R IX A B 5
FESTRECN KCEE
3.4 DWT-LSTM #& &8I 4 R 36 iE

SWAT A5 /] 52 BT CMIP6 4 BR A Ak 28 1)
b AR TN T AT 36 3T A 00 D) 5L A A R P N
TSR 2E , I, A SCHE T Py s R AR RN 43
53] B EE PR AE H DWT-LSTM H A A5 80 | 512 30 %F
AN 5T FER AL AR B T, R 1K
SC 1976—2019 4F K32 H BT IR AN 35 3t 20 )
- 174 -

53 R YN 5 A RN 5 IR B b B RY I 2 A A 4
1976—2008 4F-3t 396 H ry%idis , Kk 4 4% 2009—
2019 4F3E 132 M5, 2008 2 I 2 R B AR 0
PEREMN , B A0 e B R AR S B0 < o= M 40T
R 7, EARECH 250, VIR 2E 2 F R 0. 042, %% >
REBERECH0.77,

B S (a) AR AN 5 UE 3 DWT-LSTM 5 A 45
R SET AL 25 3L N SR R® R E 3970 0. 75
(E5(b)), MR R® A1 E W43514 0. 60 A1
0.59( 5(c) ), i AN FHZIR , Beah, il 2k
BB A (BT 5 (a) ) AT LA & B, BB BE A5 S Ik
G ER G R TR ] B0 P IR) 56 & A Rl 2
S AR AT FE IR AR 23, B8 8% 95 g b ASE 0L 37 4 174 6
T AL FFAE, ik, M A DWT-LSTM #§ &
B AT T Z2 08 U R /K B U5 5 X AR i i R AR AL

sor B
HEFDFIH5E YIZRI W

60}
£
£
K40t
bl

204

0 1 8 X 1
1976-01 1987-01 1998-01 2009-01 2020-01

Fisf (1]
(a) PEIURELLIZE R

60 50
g R*=0.75 E40 R?=0.60
£ Exs=0.75 E Exs=0.5
® 4ol B 2 ns=0.59
B %230+
i i
= =20}
5 20} K
s #I0p

0 20 40 60 0 10 20 30 40 50

FT DFI 1 B I/ mm FF DRI B9 FE A K /mm
(b) YIZRIBAURCR (o) MIRCR
5 DWT-LSTM fE &R EELILER
Fig.5 Simulation results of DWT-LSTM coupled model

4 HBREHN

4.1 FEHREZX

S F ke AR B AL IR 25 T R Ge iR 22, X 6 Ff
SRS AR SR B 5 Rk i T b PR S
I, LSS - AT 25 1 0 b, 81 6 43 3 T SSP2-4. 5
F1 SSP5-8. 5 PFRE LT 2030—2050 4F BAUA 1 7K SC
s LA G T AR E R WA PR
SRR AR KRN, PR G 5T A AR AL R
B2, B 2900 248 o s AR BR )
FEAYHIN 2,11 8. 86 mm/a, 1EIRASAL L, 5 Fl
15 50 T A AL R [R) A 2 80 Hh — 30 | 0 2 B A
WER S, e SR AE AP A 5 B A AEAC PRl



—— SSP2-4.5 —— SSP5-8.5

1200
kssps.s.5=8.86 mm/a

—
(=3
(=3
S

800 F

[% 7K & /mm

s=2.11 mm/a

600

400

kssps35=0.075 °C/a

kssps-35=0.072 °C/a

BIKSIE/,C
O

8 ksspr.4.5=0.047 °C/a

. . . ' 14 .
2030 2035 2040 2045 2050 2030 2035
40y

(a) FEK

2040 2045 2050 2030 2035 2040 2045 2050
Ay 4y

(b)) dReim Ul

(c) Feff i

Bl6 RRSKEZERLEUER

Fig. 6 Interannual variation trends of meteorological elements in future

61243 51124 0. 057 0. 075 °C/a, MM B AR IR AR
Brfist [ R0 4351 4 0. 047 .0.072 °C/a, HILAHI,
O T )R S R 3 2 | A PR Y A I T R 1Y)
T B 2 IR A K YA 1, IF s AE K Y
WAETNSR L Bk, X 5 YA 2058 4
fG < PE LR RAL " I AR A
4.2 ZFRAH

FET SWAT AU R R SR 5 T 1 R 48
P R TEE AL, FE T DWT-LSTM #5445 U X}
A RAE 5T A TR R A2 b A T A5 B 2 T, A
BB EE AL BIVAT A5 21 2K o 23 08 b i 7K % U5 77
XA RS R A o AR A fE, BT A T
SSP2-4.5 il SSP5-8. 5 My 5t T 2030—2050 44
U 11 7K St 4 T B O b R AR O o DL AR A
S P AEBR AR R A

TE SSP2-4. 5 & §¢ 1, Uit B8 2 i i AE 2030—
2050 AEEIT BE R, 2 5P RO K &
AR 2 E TS, BARKE K SR <R A T
s SRR AN, RIER 4, ZE R T RE
ARG I A O R B A X HE R TR K R S R
A OC ZR B, BRI B AR ke St IR DR/ ) D PR
AT L T ) 0 THT R 125 e ) 55 R 2R 0 R
TRANE X SE R BRI, HIE 7(a) WTLUE
FEPR LR 2035 A7 B 3 Bl A7 98 7K it I 2 /D R L
2 EIRmD IR — B [l N PR IR (E H
FEXI R E . B 7(b) 22 B AR R Ui Sk b 2% 4% U i

——SSP2-4.5

4 fgsps.ss=0.013 {Zm’/a 6r

S
T

HFAR T ACm?
0o

ksspr.as=—0.059 1Zm’/a

x4 ARBEETREEZSERASHMEXME
Table 4 Correlation between meteorological elements and

runoff components in different scenarios

15 5t RE LSS o jﬁ%ﬁ ey
AR A i
Rk 0.74" 0.54"
3 52 49 AR -0.61" -0.70"
B -0.40" -0.49"
[ K 5t 0.95* 0.61°
SSP2-4.5 = AR -0.41 -0.63"
BARAIR -0.18 -0.49"
FaoK 0.96" 0.60"
SSP5-8.5 e AR -0.05 -0.17
AR 0.22 -0.55

kssps-5.5=0.066 1Zm?/a

ksspr.as=0.017 {Zm’/a N~

. FoRilad 0. 05 I K

W TR HHAR L S B K o 0 SO 4w B )
HE, PIERG ), L B & S 8RR
MR B 7(e) ), BV R E 7 8
R RE S /D, W] BE U X 8 A A g R 5 K
4,

fE SSP5-8. 5 i 5t &, i 48 2L I & 7E 2030—
2050 2B BTG R ST H R I 5T AR
KBRS RY R LIS R R 4, % E ST
R 7K 5 B i A DG R EOK TSR 5 2 B AH O
FRE L X, KK S 3G vt 58 38 8 1 52 e 5 R
W2 R AR 2 A, RAE
Ui 2 B K R RO 1 0 2 B 2 L TR T
T, R S 2 i KRS R EOR R 2
T LK A SR U Y R A AR R R i X

SSP5-8.5

N

pox g

kssps-3.5=0.079 {4m’/a

ksspr.a5=-0.042 {Zm?/a

0 : : . . 0 .
2030 2035 2040 2045 2050 2030 2035
A0y

(a) HEJiH

2040 2045 2050 2030 2035 2040 2045 2050
g 4 f
(b) Mk A

e an
(¢) R

7 REEREASERTUBES

Fig.7 Interannual variation trends of runoff components in future

- 175 -



JEMUAE R 5T AR KRR I e R A

&l 8 XF L T Dy 5 M AR Sk B A 52 N AR I AL 53
FHEEAE 2, M &l 8 Al I, 7E SSP2-4. 5 1E 5T, K
SRR A IR A | b AR L AR R A I 4
WK 1.58 422,26 12 3. 84 12 m® , ¥3/NTF [y S0 A -
IR R 0N 19% (15. 4% F 17%
FHEE T DT S, SSP2-4. 5 1f s F AR I B AR i 4
AU/ D DR A SR T i S R R R R, T
FHMATT AN T K A ROk o, B 8(a) #
W],SSP2-4. 5 1 5t T BRI AE BOE R 0. 41, [FAE/I
T3 s, PR SRy e I e 1 D R R KT M R
R D IR B B 2 AR s, 08t
FEAC IR TR RE 1 T BEE A T REAI

. A
St [ AR - - A 109
4t
10.7
Q3 =
@ 105 ;;;
L) sy
b
10.3
1 L
0 0.1
J73 52 44 SSP2-4.5 SSP5-8.5
Fisf 48
(a) FEFHAFEFFEEL
B e ot 2k
10r MR A S RsS Tigm 114
{12
8 L
Kz 10 «
! 2
] 18 =
N 18
® X
ﬂ =5 4 N
i v}
0 0
ik ] SSP2-4.5 SSP5-8.5

L S
(b) HbRARF AR I B

8 AEHAERRIAEMERASTUIILE
Fig.8 Comparison of changes in annual total runoff and

its components in different periods

TE SSP5-8. 5 1f37  , Jh i B 2 A% i B FAR
Ve SSP2-4. 5 11 5 N A BT AN TR, ${E 730
2.01124.2.97 12 4. 98 42 m* | 2 It & o FAR It 40 4
YIRTF b S 0, 3 AR O 2.6% . 11.2% Al
7. 5% [AIE GBI EIE (0. 40) ZRALA K, IRV T
P, BREEE A SSP5-8. 5 N AL S
IKSCREMEIAAE R B, i 5 AR e 2 s s,
V2% T 5 P2 2 3 R I, T S B8O 2 3
T3S T KNS 3G DT AN 325, S 30T IR 45 Ko

- 176 -

AREME, MR AR B 2L B, IR JLREK BT
SRR S IR P SR A R T A 228 DX

a. SSP2-4.5 fil SSP5-8. 5 i {55 T, Hib It
FEACH IR IR DO B AR B AR RS, 5L
Hb DX ASABEE A AS Ry EARARAT , H SSP5-8. 5 1 5t T X
FpRas T A 2 7R PR 2 e 25 I i [ 34 300, 25
(i) S5 O PR A JRy A A oy B A T

b. SSP2-4.5 15T, HLifi i B F R FEUIR I
S I A RIS ok A BT )1 A I AR
/b T G W DX 35 A 2 A i AN K 4E 4 T SSPS-
8.5 15t N, i MR AR i it D AR I R S B
T, BRI RS R MR 25 RSk W it
IS BRI 1) I A R R R

c. SSP2-4.5 15T, AR HL L R KT 1
FAR PR LS, B A 28 08 AU RE 19 7K 5 5
FRHE 1 Z S A AR A, BT REAT T BEAIC; T SSPS-
8.5 AT, AR R M B IMAR v | o W it B o0y k2
B RSB0 2 0 3 (RK SR IR SR AR )
FEASL DR S R AS [ T A 2 DX

SE Lk

(1] B, K. PR RS GRS AT 5 1k Ji e 1]
IKUERFR XA AL )] K BEIRLRY,2024,40(2) : 1-
8. (WANG Guoqing, ZHANG Jianyun. Research progress
on runoff effects of environmental changes and prospects
for research on the Yellow River water source conservation
area[ J|. Water Resources Protection,2024,40(2) :1-8.
(in Chinese) )

[ 2] SUN Peng, ZOU Yifan, YAO Rui, et al. Compound and
successive events of exireme precipitation and extreme
runoff under heatwaves based on CMIP6 models [ J ].
Science of the Total Environment,2023,878.162980.

[ 3] COOK B I,MANKIN J S,MARVEL K, et al. Twenty-first
century drought projections in the CMIP6 forcing scenarios
[J]. Earth’ s Future,2020,8(6) :e2019EF001461.

[ 4] BZ V05K R4 ST eIk s dE A2 K 3C
TEIETTIE (1], KBTI, 2024, 40 (1) : 71-78.
(CUI Hao, JIANG Shanhu, REN Liliang, et al. A non-
stationary hydrological drought assessment method based
on four-source driven [ J]. Water Resources Protection,
2024,40( 1) :71-78. (iin Chinese) )

[ 5] 5kFh, BMat /NG, 5. B F CMIP6 Y4 VDT Az
TSRS B [ 1], KBTI, 2023,39(6) : 53-
62. (ZHANG Dan, LIANG Hanxu, HE Xiaocong, et al.
Estimation of runoff and hydrological drought in the Jinsha

River Basin based on CMIP6 [ J ]. Water Resources



[6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

Protection,2023,39(6) :53-62. (in Chinese) )

ZHOU Jiayue, LU Hui, YANG Kun, et al. Projection of
China’ s future runoff based on the CMIP6 mid-high
warming scenarios [ J |. Science China Earth Sciences,
2023,66(3) :528-546.

YAO Yutong, LI Jiake, JIANG Yishuo, et al. Evaluating
the response and adaptation of urban stormwater systems to
changed rainfall with the CMIP6 projections [ J ]. Journal
of Environmental Management,2023,347.119135.

g A A EE B A HE T CMIP6 1 v i T S
HERRARTR A TS [ )], R R, 2023,
53(3) :505-524. (ZHOU Jiayue, LU Hui, YANG Kun, et
al. Projection of China’ s future runoff based on the
CMIP6 mid-high warming scenarios [ J ]. Science China
Earth Sciences,2023,53(3) :528-546. (in Chinese) )
R HERTT, ik g TR 32 B 1A i i LA
AR B X R AE [ )] K K o Bl 4 i 8, 2024, 44
(1) :1-8. (XU Zongxue, BAN Chunguang, ZHANG Rui.
Evolution law, attribution and regional characteristics of
Advances in Science
and Technology of Water Resources, 2024,44 (1) . 1-8.
(in Chinese) )

R, B AR IREE T F 2 K SO R
BT [T]. K BEAR Y, 2023,39(5):9-17. (LI
Fawen, TAO Renjie. Analysis

runoff for major rivers in Chinal J].

of factors influencing
hydrological processes in the Ziya River Basin under
changing environment [ J |. Water Resources Protection,
2023,39(5) :9-17. (in Chinese) ).

W, B, R, 5. BT CMIP6 By 23k T 5
R s AR ] KBRS, 2023,39(2) :40-49.
(YANG Xiaoli,MA Huijun, WU Fan,et al. Spatiotemporal
evolution of global and arid zone drought based on CMIP6
[ J]. Water Resources Protection,2023,39(2) :40-49. (in
Chinese) )

WANG Qingzheng, SUN Yunfan, GUAN Qingyu, et al.
Exploring future trends of precipitation and runoff in arid
regions under different scenarios based on a bias-corrected
CMIP6 model [ J]. Journal of Hydrology, 2024, 630
130666.

W IRRE , TR, Fi ik, 6. SSP XMk I 42 T VL
AR AR A [T ], A AR 5T kR, 2022, 18
(2):177-187. ( YANG Chenhui, WANG Yanjun, SU
Buda, et al. Runoff variation trend of Ganjiang River Basin
under SSP “double carbon” path [ J]. Climate Change
Research,2022,18(2) :177-187. (in Chinese) )

TREHT 22— B 0B 4 EE, 45, 2028 RUBE DR R 34 K R
FKGEVRARATAN J5 36 [T ], I R 222 4l ( A AR
f),2023,51(1):19-25. (XU Jinxuan, LI Yiyang, PAN
Xingyao, et al. Evaluation method of precipitation water
resources based on multiple temporal and spatial scale

coordination[ J ]. Journal of Hohai University ( Natural

[15]

[16]

[17]

(18]

[19]

[20]

[21]

(22]

Sciences) ,2023,51( 1) :19-25. (in Chinese) )
Mg, A U], Bh A S5 JET Budyko R NGRS 5 AR 1Y
WEPT b AR i AR A A PR A e [0 T R 223 (A
SRBLAAMR) |, 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) )
VLR AEWIW], 5 7 45 ST AR GEV ALY
BT R DO 2 A2 AR A 2 A [0 ] T R 2 4l
( HERBI4RR ) ,2023,51(2) : 1-7. (JANG Shanhu, REN
Mingming, ZHANG Erzi, et al. Study on evolution
characteristics of dry season runoff using a non-stationary
GEV model in source region of the Yellow River[]].
Journal of Hohai University ( Natural Sciences) ,2023,51
(2):1-7. (in Chinese) )
W3OS ST, TR A TSR 2 Y BT UK
LRLEEVEM ITIENITE[ 1] KA 2241, 2022,53(3)
369-378. (SHANG Wenxiu, SHANG Yi, YAN Dengming,
et al. Comprehensive assessment method of water security
in Yellow River Basin based on fuzzy logic[ J]. Journal of
Hydraulic Engineering, 2022, 53 (3 ). 369-378. (in
Chinese) )
EHE, DEL R . ST RO IR BN LOADEST A7
F18) RELZ T 5 it R A B[ ] K B R AR
2023,39(6) : 186-194. ( WANG Hui, MA Wei, YANG
Zhi et al. Estimation of base flow nitrogen and phosphorus
output flux in the Simao River based on digital filtering
and LOADEST model [ J ]. Water Resources Protection,
2023,39(6) :186-194. (in Chinese) )
Hom 5 Y, AR 4B FE TR A AR 0 B
WA FMESR [ T ]. JK BEUR LR, 2024 ,40( 1) : 60-70.
(ZHENG Shuai, WENG Baisha, YAN Denghua, et al.
Research framework of drought-food cascade effect based
on water cycle processes| J |. Water Resources Protection,
2024,40( 1) :60-70. (in Chinese) )
T, XU RE, RO, 2. Z2 e dL B Rt A 25 R e K IR
BRI BE /Y 25 A% JR [ 0], K T AR 45 41, 2017, 37
(2):50-56. (FAN Yaning,LIU Kang, CHEN Shanshan, et
al. Spatial pattern analysis on water conservative
functionality of land ecosystem in northern slope of Qinling
Mountains[ J ]. Bulletin of Soil and Water Conservation,
2017,37(2) :50-56. (in Chinese) )
Pl RS, R R, A5 SR T CMIP6 FZE I L A
AR i W K 7 B S AT [ 0], N BT, 2024, 46
(2):55-60. (YANG Luying, HUO Aidi,ZHAO Zhixin, et
al. Risk analysis of future extreme precipitation flooding in
the northern foot of Qinling Mountains based on CMIP6
[J]. Yellow River,2024,46(2) :55-60. (in Chinese) )
SA M, B o . 1970—2015 4R 22U AL ji 4 i o 4l J 2%
- 177 -



[23

[24

[25

[26

[27

[28

[29

[30

[T, K ARERBFSE,2022,29(2) :206-211. (ZHANG
Zhaopeng ,DUAN Keqin. Change and retrieval of runoff in
the northern foothills of Qinling Mountains from 1970 to
2015[ J]. Research of Soil and Water Conservation, 2022,
29(2) :206-211. (in Chinese) )

] WU Guangdong, LIU Yuanqing, LIU Bo, et al. Hanjiang
River runoff change and its attribution analysis integrating
the inter-basin water transfer[ J ]. Water, 2023,15(16) :
2974.

] R i E R AL ISR T RR R R )]
PR 2019, 38(3) :305-311. (ZHANG Baiping.
Ten major scientific issues concerning the study of
China’ s north-south transitional zone [ J ]. Progress in
Geography,2019,38(3) :305-311. (in Chinese) )

] ABRNE ALLe w5 ZRUS R RIORT 5 I s AR Al B
XA 5 NS B A X I N[ J]. SR B R A
iz, 2018, 33 (3): 425-438. ( DENG Chenhui, BAI
Hongying, GAO Shan, et al. Spatial-temporal variation of
the vegetation coverage in Qinling Mountains and its dual
response to climate change and human activities [ J ].
Journal of Natural Resources,2018,33(3) :425-438. (in
Chinese) )

] YU Fei, LI Chenlu, YUAN Zuoqiang, et al. How do
mountain ecosystem services respond to changes in
vegetation and climate? An evidence from the Qinling
Mountains, China [ J |. Ecological Indicators, 2023, 154,
110922.

] ThEihe BV, Dk vk, ZR i b A A I AR AR U 41
BIRASAHT )], KBRS K TR, 2016,27(2) .
76-79. ( MA Ruiting, HUANG Lingmei, SHEN Bing.
Mutation analysis of annual runoff series in typical basin of
northern region of Qinling Mountains[ J]. Journal of Water
Resources and Water Engineering, 2016,27 (2) ; 76-79.
(in Chinese) )

] TR BZE F5 7. BT InVEST AR A SR il A= 25

ROt s = g Jm o #r [ 1], A= 2# 445K, 2016, 35
(10) :2783-2792. (WANG Bei,ZHAO Jun,HU Xiufang.
Spatial pattern analysis of ecosystem services based on
InVEST in Heihe River Basin [ J]. Chinese Journal of
Ecology,2016,35(10) :2783-2792. (in Chinese) )

] M4 AR BT K SO A SWAT AR AL )1 [§ap
TR AT KB AT [ T]. K BE AR, 2024,40(4)
118-127. (WANG Pengquan, LI Runjie. Ecological water
demand analysis based on hydrological methods and
SWAT model in the Beichuan River Basin [ J]. Water
Resources Protection, 2024, 40 ( 4 ). 118-127.
Chinese) )

] skt 7, WRR % BT SWAT-MODFLOW (1 #
] HRE X AR i R AR B ) 8 - v SR AR S (e L[ T ]
ALK FK B R 227 4 ( A SR EAR) ,2020,41(6) :1-
10. (ZHANG Hongbo, ZHI Tong, WEI Xingchen, et al.

(in

- 178 -

[31]

(32]

[33]

[34]

[35]

[36]

[37]

Simulation of runoff process in the middle reaches of the
Yellow River based on SWAT-MODFLOW model and its
response to the greening of the Loess Plateau[ J]. Journal
of North China University of Water Resources and Electric
Power (Natural Science Edition) ,2020,41(6) :1-10. (in
Chinese) )

STOELZLE M, SCHUETZ T, WEILER M, et al. Beyond
binary baseflow separation: a delayed-flow index for
multiple streamflow contributions[ J]. Hydrology and Earth
System Sciences,2020,24(2) :849-867.

SEMTE SRR RE T, 45 KA P e N 2% 70 2=
VR T K AR AR B [ )] AR ALK
IRALR 52 52 4l (AR BES2 L) L 2020, 41 (5) - 10-18.
(DANG Chiheng, ZHANG Hongbo, CHEN Keyu, et al.
Application of the long short-term memory neural network
for rainfall-runoff simulation in seasonal snowmelt basin
[J]. Journal of North China University of Water Resources
and Electric Power ( Natural Science Edition) , 2020, 41
(5) :10-18. (in Chinese) )

FRULE , JKAE I A . BT PSO-LSTM K24 1 - J5
T RTHB A2 BN [ 7). K A OK BB 2, 2024, 44
(6):64-70. ( GUO Mingchen, ZHANG Runrun, WEN
Yuhua. Prediction of water level of plain river network
during flood season based on PSO-LSTM model [ J ].
Advances in Science and Technology of Water Resources,
2024,44(6) :64-70. (in Chinese) )

EIN A ERR, ILL K. FE T WD-COA-LSTM KR )
JYREK A 5000 [ J ], 7K B I 5 7K TR 2 41, 2022, 33
(4):8-13. ( WANG Wenchuan, YANG Jingxin, ZANG
Hongfei. Monthly precipitation prediction based on WD-
COA-LSTM model [ J]. Journal of Water Resources and
Water Engineering,2022,33(4) :8-13. (in Chinese) )
skt BARDT , BB, 45 BE T TTA :F1 Mann-Kendall
5 PR TR Y AW i K AR A S AT [ 0] I DR 24 4l
(AR ) ,2024,52(6) :15-22. (ZHANG Jiao, HU
Qingfang, HUANG Jingsheng, et al. Analysis of extreme
precipitation changes in Lijiang River Basin based on ITA
and Mann-Kendall methods [ J ]. Journal of Hohai
University ( Natural Sciences),2024,52(6) :15-22. (in
Chinese) )

R, TRIRIL, 2 R 4. JE T TFPW-DT-ICSS ¥ /Y
T K SR8 75 2278 S Ui 52 W [0 ] AR JLKFI K
K2 ( BRBL2EMR) ,2017,38(4) :47-53. (ZHANG
Hongbo,ZHANG Shugqi, LI Jicheng, et al. Detection and
diagnosis of the change points in variance of hydrological
time series in the Weihe River Basin based on TFPW-DT-
ICSS method [ J]. Journal of North China University of
Water Resources and Electric Power ( Natural Science
Edition) ,2017,38(4) :47-53. (in Chinese) )

XU AR I . WE DX Kb T KRB G A5 TR 11 e
[J]. /K HF]%:4R , 2012,43 (7) : 826-833. ( LIU Luguang,



[38]

[39]

CUI Yuanlai. Construction of integrated surface water and
groundwater model for irrigation area[ J]. Shuili Xuebao,
2012,43(7) :826-833. (in Chinese) )

THAS D, SR, B0l 4. SWAT BERL Y I % 5 R ]
HERELT]. IR 2224l (AR L 2012,40(3)
243-251. (LAI Geying, WU Dunyin,ZHONG Yexi, et al.
Progress in development and applications of SWAT model
[J]. Journal of Hohai University ( Natural Sciences ),
2012,40(3) :243-251. (in Chinese) )

SHI Wenhai, HUANG Mingbin. Predictions of soil and
nutrient losses using a modified SWAT model in a large
hilly-gully watershed of the Chinese Loess Plateau[ J].
International Soil and Water Conservation Research,2021,

9(2) :291-304.

[40]

[41]

T, M4 152, A5 A BRI 10 i X Sak i i .
o ] P b XA AL R F PR B A B 5 3
RERE[]]. HekBh2= k& ,2023,38(6) :551-562.
(DING Yihui, LIU Yanju, XU Ying, et al. Regional
responses to global climate change : progress and prospects
for trend, causes, and projection of climatic warming-
wetting in Northwest China [ J ]. Advances in Earth
Science,2023,38(6) :551-562. (in Chinese) )
SINGH D, VARDHAN M, SAHU R, et al. Machine-
learning- and deep-learning-based streamflow prediction in
a hilly catchment for future scenarios using CMIP6 GCM
data[ J]. Hydrology and Earth System Sciences,2023,27
(5):1047-1075.

(BcH B 191:2024 -09-30  Zhid . fioll )

(L% 158 W)

[19]

[20]

[21]

(22]

(23]

A WRIE A 2022 AR T S s T 5 K
Foma 5 X # (1], KA 241, 2022, 53 (10) ; 1143-
1153. (XIA Jun, CHEN Jin, SHE Dunxian. Impacts and
countermeasures of extreme drought in the Yangtze River
Basin in 2022 [ J ]. Journal of Hydraulic Engineering,
2022,53 (10) :1143-1153. (in Chinese) )

WOEA AUk B AL, 45 Rl 2006 AT i
PRV L B T PEAR Y i R [ ) ] MR, 2010,
30(4) :577-581. ( DAI Zhijun, LI Jiufa,ZHAO Junkai, et
al. Adjustment processes of runoff among river, lake and
reservoir along mid-lower reaches of Changjiang River
during 2006 year [ J ].
Geographica Sinica, 2010, 30 ( 4 ). 577-581.
Chinese) )

WA e JE S B RS 4. 2011 AR RVE T R iR R
SRR 20 B [ 0], V00 805 IR 45 3R 5, 2014, 23
(1):139-145. ( CHEN Xianyan, ZHOU Bing, ZHONG
Hailing, et al. Climate characteristics of the 2011 spring

extreme drought Scientia

(in

drought in the mid-lower Yangtze Basin [ J]. Resources
and Environment in the Yangtze Basin,2014,23( 1) :139-
145. (in Chinese) )

kBRI Bk, REE ) 4. 2022 AR VL A O T R
SRR [T, H E BT R, 2023,33(7) : 9-15.
(ZHANG Mingbo, DAI Minglong, XIONG Feng, et al.
Analysis and reflection on extreme drought in the Yangtze
River Basin in 2022 [ J ]. China Flood & Drought
Management ,2023,33(7) :9-15. (in Chinese) )

WK H T, XA A R TR R T R A s

(24]

[25]

[26]

BEARRFAE ST [, KA K L BHE I, 2024, 44.(4) -
23-30. (MENG Changqing, DONG Zijiao, LIU Keying,
et al. Analysis of spatiotemporal evolution characteristics
of flash droughts in Jialing River Basin[ J]. Advances in
Science and Technology of Water Resources, 2024, 44
(4) :23-30. (in Chinese) )

S, AP, BRI S BRI T i
FUFRIEZ WA (] K BB AR, 2019, 35 (3) « 14-24.
(RONG Yanshu, SHI Dandan, LU Xingyue, et al.
Influence of La Niiia events on drought and flood in middle
and lower reaches of Yangtze River[ J]. Water Resources
Protection,2019,35(3) :14-24. (in Chinese) )

BB AR, A, . KILTE T RIE A AR L
il ST ATFE I R[] ARSI, 2024 1-13[ 2025-07-
07]. http://kns. cnki. net/kcms/detail/42. 1202. TV.
20241220. 1528. 003. html. (WU Zhiyong,SHI Yiran, LIU
Yanghe, et al. Advances in drought manifestation and
propagation mechanism, and its prediction over Yangize
River Basin[ J]. Yangtze River,2024;1-13[ 2025-07-07].
http ://kns. net/kems/detail/42.  1202. TV.
20241220. 1528. 003. html. (in Chinese) )

RS AR, 0, A RV T PPl e b
AR B R B S R [ ] K TR R 97, 2024, 40
(5) :18-28. (ZHENG Bofu, XTAO Deli, WAN Wei, et al.

Research progress on

cnki.

assessment indicators, spatio-
temporal characteristics and causes of drought in the
Yangtze River Basin [ J ]. Water Resources Protection,

2024 ,40(5) :18-28. (in Chinese) )
(W B iH.2024-10-23  Zwhi.Jitoll)

+ 179 -



