22485 6 1
2024 4E 12 H

P 7K b 5 KRB B Cor e 30)
South-to-North Water Transfers and Water Science & Technology

Vol. 22 No. 6
Dec. 2024

TFo8, A, B, 4 35T SWAT FI STIRPAT AR (U0 ] Fids AR A B ORI K A s B 2 (7], REZK LI S K RIRHE (b
30),2024,22(6): 1119-1128. WANG Z Y, ZUO Q T, BA Y J, et al. Ecological base flow guarantee and human influencing factors in Qinhe
River basin based on SWAT and STIRPAT models[J]. South-to-North Water Transfers and Water Science & Technology, 2024, 22(6):

1119-1128. (in Chinese)

E T SWAT #0 STIRPAT # B g g
EEERRERAAZNEE

1 > 1.2 3 3 oo | . 1
IFRVEAEE S, uFE B2 2 )E

(1. KB R 2FoK R 53838 B, FRMN 4500015 2. FRHN 2wl A= 2540 5 X Sk B & SR 5T B, KR 450001;
3. [ b R A SR R T B R A s, LR A 264000)

BEEFHRAKKERT, AR B A ILG A0 E IR, 68T A R 52 R 2 X i A 285 3 I A 1
REM, I PR ) I A A A R R AR R A A X AR SR B R L A A R HEROK RS TR
(soil and water assessment tool, SWAT) #5 8 yif i 42 i 8, ¥k — 2 31 55 A= 75 3 3 IR % 48 %X (ecological base flow
guarantee index, Ippeg) , VA S0 A 25 2 0 A% B B B, 76 Bb 3Rl 1 SR A B ML (91 )3 52 ni 455 75 ( stochastic impacts by
regression on population affluence and technology, STIRPAT) M A I BIAR | 2855 & K FR & /K Ak K
R B 45 A7l K K - 55 5 T 43 BT 2008—2016 47 0 il 3 Sk A 25 FE i AR B HR BO m PR 28 45 SRR . IO i ik
AL AR RR B AR AR R B2 N RIS fE#, 2015 4R R T 5 2 BOKR T Bk, 72 A RE 500, 250
AN N 3 2 R U, I A SE TR R B R R A A, TR R A TR A A TR AR B R I L S A A
JEE NSRRI 257 5 “f28” K R T 50%, {0 2014 45 B0 “— ", it 2k 25 56 7 O e 7 . i
FRER Tt R Ak AT X 0 10T 38 3 A 248 JE R R i AR 5 i e A, ARl Tlle | 2B PR K B i R A R L TR R A
B, BiAR K JRAKT- IR, N TR 55 28 5% e J K ST Xeh 0 o i 3ol 2 75 35 0 O W A 88 1) 5% I AR K 45 /1N . R SR 285 SR mT Ky
PO AT AR AR SRR AR L TR A R PR L B A S A, I AT Sy Al U B ) A S U R R B AR DA BT AR AL

)Ialaa\ E’% o

ST S SWAT U /8 25 JE0E R STIRPAT B

FESES: TV2134 XERFRERD: A

IKBTIRAE N ER DR SR A IRZ —, A
AEAp VA | PRI AR AR AT A R AL K
(1 SR A, SRR ] — T R R R B R
T, E BRI AR I T 0 e A S N R 7K B It
BETT M I IREE T, FR 3T AR K 20 AN,
TJE W AR R A S AR KR, A A B R
VT R e A S R L PRSI SR I R
A A HE AR O 5 A S B BT K A, AT A4
SE T AT A AT R B AR R A B R, R A
AR MERRTRZ . B AR SRR KW IE W s 1T
(IPS7

fs HHA:2024-03-20  1&[E HEA: 2024-09-24

LR AN e
DOI: 10.13476/j.cnki.nsbdqk.2024.0111

Sy gt DR Tk S8 A 2 T 4 B O e O A R
] P A2 3 B Ak 22 90T T A A SR T U, W A
INAT L T K S, BT T A A A T SR AR R G R/
T JE ok, AT IR A o Y A ko DA Bt
IKEE R IRIK SCEER ST, I R IR IK S Skt ]
T A2 R G0 o 2 v [ R S 2 AR, i kdR
HIAEE IR M . SR, AN [RIF TN A BE It B A7 7F
ARfERE, AR NN R — e MK TS
K 5T W 5 T B TR AR AR S R G BR, 5 — T
BLREBH IR MK AR AR K F L . K H SRR
P/r 25 (the Nature Conservancy, NC ) I 2R 5% I & 52

% £& HH R 18] : 2024-09-26
) £& H R 3k« https://link.cnki.net/urlid/13.1430.TV.20240926.1158.002

HEE&WH: FEEE AV AT H (2021 YFC3200201); HE T RERHE & R ST mabiF o2 Be s & k52 50 H (2024HENYBO1 ) 5 Hf ] 1l i 8 A

JE3 H (DD20220885)

EEE N : £158(2001—), 53, WEGASHI N, F2 2GR 02 BRI IEMESE . E-mail: wziyao2023@163.com
BEESE: a5 (1989—), I, INARRE AN, TR, FENE ARFILE WA SERLGEWIPITE, E-mail: Geobayinji@163.com

KX KK/ 1119


https://doi.org/10.13476/j.cnki.nsbdqk.2024.0111
mailto:wziyao2023@163.com
mailto:Geobayinji@163.com

F22% Foll ARG ARABHCFHEO

2024 £ 12 A

SURHERRRKAES RS WIRN . DI ReFn stk DL K]
T U LR N A T K e B AR A, A
AELN R PR IR AT AR O . F LT O, AR A
it e AR SRR A A 5 Iy LA R, IR BT 58, 4R
M1 22 FH R A& I AR 4 S N B (A 52 i 5 FL 9]
ENRIRAHATT, B, A SR E SO AR
SMF T R A N A S R G RE, 52 NG 35
BT T A3 3 A A, BT AR A R G M R T I A R 1Y)
e BAR™, Sk sl AR, A 25 5 T o 1 il A Yol T
B TEENE WA 2SR SR, AR SO % it
WARZ MAESRN . ENRRNITE —E2EEN
A F B AFFT S, G Bianucei 25 F FH 2K %R >
Jit £ 7Y ( water allocation and planning assessment,
WAAPA) KA /K B PR AT 150, FE W53 A A ki
Mussehl 25" 4 Az 25 2 BRI RS ] AR 25 K3
1Y A2 25 PR RRAR DL, I A1) HT DL JB7 2% 4 B 23R IR0 2%
(conditional probability network, CPN) 4347 A 2% K 3
TR [ A B 5w T S YR e ek A
Tennant 1 315 ¥ ] 0 38 A2 25 36 37 5 1w 261 AR
rh TR B AN [] 93 X DA R A S e A A R O o L
B . AT S B CHEE, (B8 T H i
Tt FE B oK i DL SEBR () @, 22 38 AT 1 v Y
Wi [R 2 JRITFHF ST, fn: Stucchi 2" 58 3 43 A [A) Ui
T, YR VD R T AR 2SI I IR 0 R ) B
T AU g R K AR T T PN KR R P TR X T
ST 1B AR S IR A R s 2R LT AR Sl b
RAYTKFI TR Az 25 L 0 5% ), 5310 J2 08 441
ASE AR . SR, o] B A AR AR R R AR
FEFERE . 2R B H I H N 0 A R AR R R 1Y
AT SR RE it — D HESE

FET I, 4 0 AR SR R £X (ecological base
flow guarantee index, Iugeq) A ¢ 7 T 1k A= 75 3L i A4
P B2 B, 38 5 1 A K A T A (soil and water
assessment tool, SWAT) 1) 4y 14 55 45 T 5400 10 it 3
Tisrs 12000 TR 308 368 A 285 56 U O B 2 B2 5 7 U S Al
I, 485G BEHL B )9 52 i 455 7Y (stochastic impacts by
regression on population affluence and technology,
STIRPAT) il [0 Y577 2 53 B A kg A28 R 10 3 4
ARSI R B B (5 ), A A U0 Tl 3 ek A AR
PR e o R R AR AR SR

1 FEsNE L A B4 SR TR

1.1 SRR
IO S I — S, R IR T P A 0 R B

*+ 1120 KX KK R

A6 L AR FE ) — RE #iIA), b Ak 34°54'N~36°57'N,
111°58'E~113°29'E, Hyw & 1 v | R 2 48 I i
AFR B IR FHCA B, LU ik 5 A4~ # iy
FARFE X, 3R AR L BRI L E L IR KA
Wl 4K 485 km, Fid i AL 13 535 km™', WLIAT 1.
WAL R SR A S AR B R R B T SR,
TR 43 0, R A ELAR SRR B A6 T T i, (R
AR IO T I N AFAE A SR B B4, ok K
I ) 4 B T 3 A A FE 3 o

FOSTIRTE=T
— KAH
[y Rl
- High: 2 514
Ll Low: 97

B TP E R TR
Fig. 1 General map of Qinhe River

1.2 #¥EXRR
1.2.1 SWAT # A 48 ¢ # 48

SWAT BRI AT L £ %5 7 5 7 (DEM) | 1 Hb Fl]
ML 3 K8 i g, JE R H SWAT-CUP
B 25 45 SN K SCBOE R A7 A R A R S R
AR R IE IR 1,
1.2.2 STIRPAT # A ki % % 42

Bl AL [] U 52 i 456 750 ( STIRPAT A5 AU ) m] e B £
PR, GFRAEEm . N2 B JZE S5 5
B G b A5 A0 Sk A B, AR SO A Il i3, 5 A4
i T A S TRE A K K B IR A o B 4% b 94T GDP
N WA R . J7 ¢ GDP K& Rl K & .
Tl A & DL R A 1% K i AT 52 e R A .
AR LR 2,



B

J£F SWAT #1 STIRPAT B A th b TR £ A X RBERA A B E X

R 1 SWAT HENEIRE

Tab. 1 SWAT model input data
B2y A E TP HEHIR

DEM#d 43P0 m HbFH 2 )R 2 (hitp://www.gscloud.cn/)

b A SrHE%1 km e R B B TR IR A2 28 s (hittp://www.resde.cn/)

RS eiT S3HEEL km o R B TR IR B R 48UE s (http://www.resde.on/)

e e 2008—20164F-H1 [ RS RIL IR S 42 % 75 6% e JEUR 2 B30 7 0> (ttps://weestd . westgis..ac.cn/)

K 2008—20164F AL . IR KBS . Fe H K30 e S R S A

FF-44 S I

F 2 STIRPAT R NI
Tab.2 STIRPAT model input data

R4k KRR
GDP/{Z.7T TR A GRS WP A GRS
L INSE PN TR E GRS P GRS
WREEE/% WRA GRS LT SR
J7 76GDP K B /m’ TTRIKFRAR . IITE KRR AR
gl 7K /AZm’ TR K BEIR AR LD KB A
Tl 7K /AZm? TR IR AR . LK R A
A3 KA m’ TR KGR AR PRI A R

SWATHEHY )

I I

2 WARAE

WP RN T 55—, AR AR 1 A SC Bl
P 0T i SWAT AL I %of FLHEAT 2 5 5 Bk s
S 0y, R AR Y BE AT B A AN, I A P AR
P B IR Lopre AR AR IO T 0 004 25 R
B RE; 25 =00, WEHUR RSN R, 454
STIRPAT A5 5 5 U [ I 55 95 e 0 {0 I S A 285 25 O
TR BR A B AT A SR I 2R o o HARBIEFEHE 2R
DL 2,

| STIRPATHRI M PH 2 /34

pmméﬁﬁﬁ||imﬂmﬁ%| |%2ﬁ%||miﬁﬁ|

STIRPATA Y

SWATHELHULE

Y i I FREL
SWATHERIIEIE

]
e

2w || A || #EAR
SHIESHIESHIE S
[ [ [ ]
|ﬁﬁm%ﬁmﬁ}ij sspeishi |
il ot i o
[ wEash | | ek |

v

e KA

ll‘HHiiIA%:
SWATHRS —

/Jy:

B

[]

H
I

[ [
i) (o] (]

ﬁ@%ﬁ|

2 TFRAESR

Fig. 2 Research framework
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Tab. 4 Simulation and verification results of monthly runoff from

different hydrological stations in Qinhe River basin
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Tab. 5 Correlation test result

At /g6 In4 InP InT InU InN InG InS
Ingprg 1

In4 0.805 1

InP 0.778 0.837 1

InT -0.816 —0.660 —0.583

InU 0.802 0.877 0.995 —0.637 1

InN —0.675 0.613 0.501 0.421 0.483 1

InG -0.401 —0.600 -0.929 0.573 —0.894 -0.511 1

InS 0.553 0.780 0.964 -0.560 0.962 0.683 —0.897 1
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Tab. 6 Collinear diagnosis results

At HE Vie
In4 0.053 18.853
InP 0.001 839.375
InT 0.187 5.355
InU 0.001 1115.859
InN 0.004 560.250
InG 0.002 1012.898
InS 0.001 3 986.200
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Tab. 7 Ridge regression results

HIZR 5 AL, A A B 2 (A AR G PR, SRR 4572
T Z A KRR, AR T (E s 2 6 R,
HorpBR InT Ak, HAR R Vi (30T 10, Bl L
A e 2 B A AR T Y 2 B LR, S I
AT IR 53 B, 0 0 R 2 R AR, A v {ELAR S 1
AR, SRS RASATAE Y, DA e PR [ )5 5
BEAT A
3.3.2 W4 [E 3447 STIRPAT 42 A 4l & 45 &

e ] 54 595 PR AR TR oA R R e /S — e vk,
7 ka8 i D A TR AR R InAR SR K AT D/
# A8 [ A SR LM SC R, S AT AR E

et HREB AR ARERHB. fH S,

g

In4 0.104 5 0.0335 0.103 7 3.1202  0.0525
InP 0.110 6 0.024 5 0.108 9 45203 0.0202
InT —0.131 6 0.016 9 -0.1299 —7.7832 0.004 4
InU 0.1720 0.0209 0.168 9 8.2420 0.0037
InN —0.1513 0.0159 —0.1477 —9.5217 0.0025
InG —0.160 8 0.023 7 —0.1589 —6.7758 0.006 6
InS 0.166 4 0.0193 0.163 1 8.6204 0.003 3
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Ecological base flow guarantee and human influencing factors
in Qinhe River basin based on SWAT and STIRPAT models

WANG Ziyao', ZUO Qiting'”, BA Yinji’, CHENG Yan', JI Yihu'
(1. School of Water Conservancy and Transportation, Zhengzhou University, Zhengzhou 450001, China; 2. Henan International Joint
Laboratory of Water Cycle Simulation and Environmental Protection, Zhengzhou University, Zhengzhou 450001, China;
3. Yantai Center of Coastal Zone Geological Survey, China Geological Survey, Yantai 264000, China )

Abstract: It is of great significance to accurately analyze the influence of human factors on the ecological base flow
guarantee of watershed and to develop the quantitative method of ecological base flow guarantee degree. Soil and
water assessment tool (SWAT) was employed to simulate river flows, and to compute the ecological base flow
guarantee index (/ygrg) for assessing the extent of ecological base flow protection. The analysis was underpinned by
the stochastic impacts by regression on population affluence and technology (STIRPAT) model, thus, evaluating the
effects of population size, economic development level, technological development level, urbanization level and
water consumption level of various industries. In the methodological approach, the SWAT model was utilized to
simulate the river runoff within the Qin River basin. While the subsequent calculations of the gz provided a
quantifiable measure of the ecological base flow's security. Additionally, the STIRPAT model facilitated an in-depth
analysis of the driving factors affecting ecological base flows, categorizing them into demographic, economic,
technological, and urban metrics.

Results revealed a N-shaped increase trend in the ecological base flow guarantee level within the basin on an
annual scale, with a notable decrease in the year 2015, attributed to severe drought conditions. Monthly variations
were found to correspond with the seasonal cycles of floods and dry periods within the Qin River. An improvement
in ecological base flow guarantee levels were observed from the upstream to downstream sections of the basin.
Mainstream sub-basins demonstrated superior ecological base flow protection compared to their tributary
counterparts. More than half of the regions within the Qin River basin were classified under "poor" or "relatively
poor" categories concerning ecological base flow protection, with an exception in the year 2014, which showed a
"normal" status. Among the studied factors, urbanization exhibited the most significant impact on ecological base
flow security, followed by technological development, on the other hand the population size and economic growth
had less pronounced effects.

It is concluded that the urbanization level along with agricultural, industrial and domestic water use has the
greatest influence on the ecological base flow guarantee degree, followed by the technological development level,
and the population size and economic development level which have relatively little influence on the ecological base
flow guarantee degree in the Qinhe River basin. The findings underscore the necessity for integrated approaches in
river basin management to balance developmental and ecological needs. The research results provide a basis for
ecological base flow protection and coordinated development of the Qinhe River basin, and also provide a way to

calculate and evaluate the ecological base flow guarantee degree of other river basins.

Key words: Qinhe River basin; SWAT model; ecological base flow guarantee; STIRPAT model; influencing factor

analysis
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