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Water Service Supply and Demand Situation and
Driving Factors in Shiyang River Basin
HUANG Zhihua, ZHAO Jun., XIAO Hanyu, GUO Wenbo., YANG Zhihui, LIU Jialiang

(College of Geography and Environmental Science, Northwest Normal University, Lanzhou 730070)

Abstract: Based on the INVEST model and water footprint theory, the characteristics and matching status of
water service supply and demand in Shiyang River Basin were analyzed, and the spatial heterogeneity of water
service supply and demand status and its main driving factors were explored by using geographical detector. The re-
sults showed that: (1) From 2010 to 2018, the water service supply capacity was improved, showing a spatial trend
of high in the south and low in the north. The total demand for water service showed a significant rising trend, and
the demand for water service in irrigated agricultural areas and industrial areas in the middle of the basin was large.
(2) The water service supply and demand matching situation was significantly improved during the study period.
In 2018, the area that could fully meet the water service supply and demand was increased by 24.9% com-
pared with that in 2010. (3) The interaction between land use types and other influencing factors was the
most obvious. In different regions, the explanatory ability of each factor was significantly different. Land use
types had the strongest explanatory power for ESDR spatial differentiation in the middle and lower reaches of
arid regions with flat topography. However, in the upper reaches of the high and cold semi-arid and semi-hu-
mid regions with large surface fluctuations, the explanatory ability of annual precipitation and potential evap-
otranspiration was constantly enhanced, which became the key driving factor.

Keywords: water services; supply and demand; geographic detector; Shiyang River basin

LRGSR ESREIIL M MAERF AL WMERE ESRGMS T L b A5 R G R 55 it
T LLAEAF FUR I RS S A SR I A RS B SRS RGEMSS TR 435 e 5 XA AE 4 2 1 /]
Il A S R B/ BT A e ™ . AR 7 5 W N B BEE S i A S R G i AR 55 . BEE

5 H #1 :2020-12-14

BETE HR A RBAILE T H (41661084)

FE—1EHF RIBH 1997 ) B FEERM LA, FENFEAEE RS GIS B AW . E-mail:scrhzh@163.com
BEEE REA963—), B, 2, FEMNFHEREES GIS W5 . E-mail: zhaojun@nwnu.edu.cn



53

BRI U B R 55 {1 A bR 0 B 3R 3l R R

229

LB R S  H 25 B GAR I IR 45 OB 22 00 PR T D38 S JF 25 B L e 25 5 58 0 Al B ™

Ty EAE T W T 08 356 86 R 45 0 7 R I BRI . A X 2 L A BT S ) PR R YT K

PR X DX 25 R G R 5 B A IR BL AT AT A4 . s R B s 150 %00 . Wik 9 WA A T S 4

FE SRV 5 10 P M SRR S AR GRS I gty ok W M 24 e 4 22 0 2 R 0 S5 T A

g — KRBT T 2 O Ak R 2585 DC R B L B PR T
7 K 25 1 S — Rl T 2 S R B R B A

52 Bl DXOR DI A A R G AR R AT R kR
HA B CEZMMEN . S8R, X 7 K Rk 55 19 1Al LA
InVEST (integrated valuation of environmental
services and tradeoffs) f B i F i 2 )17 L i A 7Y
5 BT AR R R 508 R LR A SRR I 2
TS A AR A4 2 S [6) T & L B A8 X DXl ™ 7K ik 55 14 47
AR REE 25 G a2 ST RLAR B PEAl DA Sy AH S 2
BB 25 R0 SCHF BT T B AT A S Xk
1 B AN 58 3 A Rl T AR B X N A
HHFIH InVEST B X AS [R] X501 2 28 R 48 Ik 55
HEAT T B VAR RFGE . X T KR5S 5 oK AR AR
SR FHAK GEUR 2 4 o i K BRis ' ik 5 X3 52 B
IKEEAFAE —E W IR2Z . KRR AT T 2 H A 1 ([
F L IX B A TE S — B 1) YT 2% 0 BT A 7 i Al
iR 55 i it L K BE DR B A L KR I A A A R R
SE AL S i BUIR 55 BV AR K B IR A RDIR L AR i T
BEE I BIS RIS . B ) KR 3 B 3 X6 X S 7K
JIR 55 SR AT VAR A ) T 504 T B X6 X 3]

PEAT 8 B VA HL A T 258 S, WOAR SC R A ST i I
SHWFSE X8, i 3 %) InVEST K8 i 41 56 2 80 17
16 1 O 38 5 2 A5 R 1) DX I FH P | () B 51 KR 30 A
RHIR I v X XK i 55 3t 5 AR 00 AT AL A
JH 1 BRI 25 T34 43 B K IR 55 43 55 IR 100 25 18] 43 S
FEIR B I T, R A K B IR SRR R A
W%,
1 Bl 5Jiik
1.1 HREHR

VA Sk AR R WU =9 R Y S L DN $
b7 (100°57'—104°12"E, 37°02"—39°17"N) , 3t 48k i #1
4.16 J7 km® , M 34w i AGAR, B PE g 1) AR AR . AT
B AR M X IR R BB KB B S X A
L RALE N AR G B A 2 (8 D AR
8 T O IR A KRGS S b R R R AR
BA W5, B J8 24 1 52 W00 X, 4 B K
# 300~600 mm,FERZE K EH 700~1 200 mm, K
DL 32 KA 25 M 5 v i Sy P R T 5 IX AR R
/K 150~300 mm,4FEZE K& 1 300~2 000 mm, Jy

. SRR TR T A Rk
YR X A A R G0 R 55 AR OIR 00 ) iE 5T 2 4R FAE 150 mm.AEZE R 2 000~2 600 mm.J& T &
PR —RAEBRGM A4 TR DL —H LR

JE 128 AL P AL S AR I A SR AL T
{0V 7 JER AR 9 ELAT R AR B T L R N

JE K DX A S b R N T R A A Y b
Xz — AR A K A A S 20 T I BN A 5 3R B 1
o 7™ T A U B T R K

101°E 102°E 103°E 104°E 105°E 101°E 102°E 103°E 104°E
oz O T T T T T T T T T
=y Z
S N &
<
A P % 2| ’
A 3
4
A z
“@ =N
)
Z
Z o [ £
% z S 2
@ 0
o
Z, \
& ' s z 2 |
- &~ &L Z
LIZ! i(;ﬁ > 0 2550 100km « “ . ' o 25 50 100km N
1 \ — — 1i%: 1246 — —
101°E 102°E 103°E 104°E 105°E 101°E 102°E 103°E 104°E

TE sam~h 205 4 P IS AR T PG 3T | i BTN A AR | B Sl YRR R R T g

& 1

B FE AR R



230 K PR R

o5 35 4%

1.2 KR
AR FE BRI L 1,
1.3 BARAE
1.3.1 RBEE LR
ARG R AR
WFP=IWFP+EWFP
H[rp: WEP S 3EA XY S K 2 38 s TWEP 2y X8 4
K I 0 B DX 8 PN L 25 AR N T BT 9% A 4
RS K IR S EWEP S &8 K 2 385, B Ak
BB X B R K s, Hor,
IWFP=AWU+IWW+DWW+EWW—VWE,,,

JK 3T SE Sk AL K B IR

EWFP=VWI=VWE.. .o

A AWU iz il X Al A8 77 75 K i A0 46 AR A
Py it A S AR K B TWW R X T
A A 7= T K AR s DWW D AR i J B AR 6 K i EWW
RS LA S IR B K B s VWE ., R A HiL R 017K
o VWL A IX 8R4k it 1y 48 K B
VWE .. cxpor 9 18] HA [ 52 530 DX iyt A9 26 E 77 0l
W T B R PR R KR S B A [ AE 2 B A O BT
FEH Se AR KR 38 2 ALK X 0 A b ) P R R 3
AN A ML | S | 7K 38 B 3 L Tl P R R A
FiH SR 5 PSR BRI AR 0T

®1 FTEHREEBRKR

B

A

F [ R 2 g 9 TR A BT R 25 B o0 (hittp: / www.resde.cn)

ROk N BB 2R BE 0 12 100 J7 + 3 80E JE (http: / www.nedce.ac.en/portal/) , + 3
B RE KR ) K B A ZEE R 22 . AR A X Gupta &9

T IRTREE A RS K

R B RS T 0 S A o U T & 3RV AE ZE ORI 2 R T B8 B8R 4R (hueps: // cgiaresi. communi-

A 2% T IR P KA 5 Z B 2 ) SR 5 56 2R, 55 R N T A B A K B TR AT 0 L B 2

KA 1 ERE 22 B PO Cf 2 900 3 33 Al B 4 ) (hittp s // westde. westgis.ac.en/zh-hans/)

CHR &R 2011—2019) 2 CH AR & KRB ) 2010—2018 )]

A K R 4 B A R S R 55 W Chttp: // data.cma.cn/)
IR BA R AT 6 S e o
ty/data/global-aridity-and-pet-database/)
VA
WE Z EHh 210
BT e AR T
REF= MM EBIK & 2% Hoekstra 451
RET TR CTL,
JERAEWE ESHKE

1.3.2 RIRFHH4 AR InVEST BRI 177 7K 5
YTl A W K AL 25 Rk 55 7K. InVEST 77K
PP UL LT Budyko 7K S4B 3% (1974 4F)
FIAESF- 4 R K B K0  FH 25 BIA  K Bl 25 S PR 28 R
Je R ITAS 2ZMS P K . THRA IR

AET,

P,

LY, by MR 28R E A% BT & 1977 K
WHLAET, ) B HOR 265 E A% BT = B4R
SIPRFEEAE s P, OIS o BOAERRK R, HHEARN.

Y., =~

) - P,

AET,;,  1+4w.R.,
P, 1
1+w,IR‘,,]+R‘W
AWC, k.;*ETo,
w, =7 R, ,=—"—F——

P, P,
KR, R EME o Ab i A B A
B o, AR RT FIH 5 7K S 5 48 T B K i 0 L {1
AWC, AEY AT FIH & 7K 5 Z h Zhang REGETo, A
WG o« PIITEEFEZR B s &, R I ZE R B

1.3.3 AA#FE AT ESDR(ecolog-

ical supply-demand ratio) ¥ A ZRFEME L4 5 A
T SRAHI 2, LU B A 25 R G0 R 55 19 o 7 B AR IR
PN W
S—D

(Sox TD ) /2

e S F1 D 435 25 ks ST K IR 55 19 SE PRt 25 Al
K3 S D e KR S5 LG FNTT SR i KA. S %1
N WGEIEEE B FE X L BRAR DL, A SORE K AR 55 A 25 it
it ORI 5 AR R D13V RR R 2),

F2 KREESHEILERERMS

ESDR=

TiH 28
EEER  <—05  —05~0 0~05  0.5~1 >1
HEEER mEAE HARE  BH s e
FRRI 1 Il I N y

1.3.4 ez Igal 5 Hb B &R 2 R0 2 H] 4 S
P LA R s o 5 W8l i) — L ge it e ik . Hot
A REAEUE I 2R BEAS 7 08 B A AR A R
M2 A A2 B F P AR B 25 ] o A % B AT A R
PER S AR SCLRL A AR ESDR 5 850 AR 5 (Y)
A3 SAE AN TR] 19 73 DX r SR T by 3800 288 ok 8 75 52 ) G



53

TR 7 A B K R 55 A3 5 bR 0 B B 3l PR R 231

2 FEE S A H BRI RR A, w4
WHCT 7 A F o8 AR (XD, G REK R AR
T R L RE | ORI T 2R A b SR W AR 2K
K M EREEM AR AR A0k 2 AL B T e
F3A0 28 A R T o B PRI B8 ) ¢ SE AT R
B s T g (BB K A3 DX AR B 4y g T AL, A o R
- L F AR 2R AT A SR B R 4 S 13 AR R ROCR
AW, M 2.5 km [AIFEILAE W 6 399 a0, H
SR D @UNFAE N

b 35 0 4 B A PR 0 AR A 2% LA
PRI 28 0 A8 TR FHER DU 2% 4 B, 4350 A [ 7 1T
FRIBIF 5% BL 2R 1) 25 (] o3 Sk

T RO 252 Y 1923 8] 4 S v DL B | AR o X
PSR Y R g HFRIR .

L

2

SN SSW
q:lf :1i

No* SST

L
SSW: ZN},O‘% QSST:NUZ
h=1

Krfh=1,2,-,h; L HARRY KHF X W52
(strata) . Bl 2R 0 XN, FIN 25182 h fleX
I 0 Flo® A3 JE 2 h MAX Y [H 72,
SSW Hl SST 4l hZ W 5 2 Z ML Je 2 X 85 2%,
q MEECH0.1],FRHZER X X HAR Y 2505
JOT T e e R R L K i R B T R A, O I M
AT LA P il B 0 2 2 ok 1EA T ARG 56

ABHEMIFJLELEPEF X1/ X2 X HZEY
2SR R A B EMER . HEit e F

N (Ny—1DSSWy,

Ny, (Ny; —1)SSWy,

L1 2
SSW}H - 2 Nh()'i ’SSWXQ - E Nho’i
h=1 =1

20104

FARAR/10m 4

l i 663.51

- &0

20154

DA PR #8585 ¢ G v AR 5 K W 2 A4S 1 X
1) P i A 28 L 15 3 ) 2 e
?/,—1*{//‘—2
(Var(Yh 1)_’_\]31‘(?;1 g)jl/z

t,vh—l T yh=2

n,=1 NnNp=2
L. Yo WP A B Var 2.

B AR FHEEIN 8 R AN [R] XU PR - Xs 2 ] 1Y 38 B
ER . ZHAERZER .2 ¢ (X1N X2)<<min(q(X1),
q(X2)), R A IE LI 59 min (g (X1, g (X2)) <
g(X1NX2)<<max(q(X1),q(X2)), LI N H T AL
PN 3¢ (X1 X2)>max(q(X 1) .q(X2)) BRI H
THER AT ¢ (X1NX2) =¢(X 1) +q(X2).2 HAA
BN T R AR ¢(X1INX2)>q(X D +¢(X2),
T 3% B0 A Al 2 P 1 i
2 #5550
2.1 KREHMEEFTRETIHFME
21,1 RRFHL e =m EHIE hE 2 A HL
20102018 447 = o] i 38k /K AR 55 13k 45 7 = 1) I 52 3R
F AL AR b R e, SRR B K IR 55 (L 45 8 1 A i
e, SRR 2010 4F 2015 4F 2018 47K IR 451k 44
SRR 40.49 12.,30.88 42,4912 42 m® s BIFFT X BATT
SRR IR 45 BE LA 43 99.79,76.09,121.06 m®/km? ,
oy Xk F L BF 5T B BE N K R 55 3 45 19 A ) AR Ak A
SIS, LUK 5 R 4 DX 2 S A D . FE RS IR
I, 2010 47K AR 55 Bt 45 i R R BN HE R AR R
PN /e AN = R T e AN NG 8 AN R e A
TP i 358 4 B V0 3, R o T I A B S T e
2018 AF, Ty YR VAT YL 3 B o 7 7K e K B Ui B, 78 7K I 55
Hheh BT 5 N 2010 4EHY 12.6 %6 FTHE 2018 4E ()
16.35 %, KSE IR 7.51% FTFE 10.99% . £ AT
TAK IR 55 4 22 S AR F ST I BN 4 /NI

0 25 50km

B2 AFEARESKXBREHEEZESF

21.2 KBREERW=TEEHHIE HFESAH,
2010—2018 4F 7 20 g 3Kk 2 78 o AT 34 K 2 3

SR Y b TR S 3 IR A 2 ) K IR 55 R
TR FT e, KR H 2010 4£1% 31.81 /2 m® 1



232 K PR R

35 %

JnZ 2018 4EHY 38.76 42 m®, Ak 5 i1 2010 4E
9 1 449.88 m*Hahn 3 2018 4EAY 1 763.91 m®  {H A
T4 2 340 m® By A K 2 35 5, 3 B A 3]
it S K IR AR B BBk . AEASERTTOK 2
A FH 7K A AR R 308 e 7 o e o b BB B e S BF S B
P T 84 00 L TR 4 [ - X K P (70 %0 o 3R W I
FHIK G5 ARG 3L

TE 23 8] 3 A b A7 3 I 3K R 55 75 5K A 23 TR RS
Jay LU AR RE  Bp A3z T ALK IR 55 75 R e e 1 S Tl
o U R 3 R AR 3, {H 4% - 3t ) 7T 26 1
114 B3 1T BR K 55 75 SR ik 249 IS s L R W S
B K BRI A BT Ak . 7K I 55 75 SR AR A L 1X.
A v A R D A R T R A DX DA R 4 1T DX A U XY
Tl

R3 AFARBEHBITKBITRABKEE

Al Tolk AT T i K 7 b KR 3T A
By KR/ KR/ KR/ KA/ K/ K/ R/ KA/

10* m? 10* m® 10* m* 10* m® 10® m® 10* m* 10* m® m’
2010 26.798 1.471 0.688 0.127 2.359 31.809 1449.880
2015 31.753 2.136 0.477 0.359 2.330 36.753 1661.729
2018 32.922 1.296 0.510 0.367 3.754 38.758 1763.910

KR % T RE/10°m’ 1o [ o~10

[ 10~50 Il 50~100

Il >100

B3 AFARESKREER=ESHA

2.2 JKERFZME L R = E T

H ESDR 23 X153 A 2 ) 3 sk i 55 4k 75 1
oS [ o An (K O L I g1t i 45 ESDR 48 9007 i L
HEER D,

2010—2018 447 -0 Jait 3ol /K il 95 A1k 25 55 75 5K 1Y
2B VLHCAA B K ME . 4 XK F  ESDR L2451 2
N R X A T A SR A B i Y R
B DL R4 )1 ORI IR 3 Dk, F 5 i Be P DA IXC
B TRBCAR e B 25, BOR A B R0k s s 0 Tk

20104F

1 nz

20154F

Ui (0 7 e B A R A0 LK e 55 (5 R 100 2 B L A 5 v U
AV HEBEIX 2010 4F ESDR 45 2 3 A #10 ¢ BH M Jifs 559
% 2018 4F ESDR & W 4 5% o V-] fl 42 4> . DA [] A5
L& .2010—2018 4 A7 3 i 5k ESDR 45 9% A fe 55
B4 X B S0 /0, MK 43,63 % s /b #) 21.12%, 8 4E (]
kAT 22.51% ;ESDR A5 1, 1T iy XIS A —
FEWH D s IV 5 VR XA U 185 T 48 ik 38 4 4 v o A
e b R L 26 B X 26 X AR b K RK IR 55 BE T
RO AL

0 25 50km
—

mm v - v

4 AFAMRBAKRSHFELZE ESDR ZE S



53

TR 7 A B K R 55 A3 5 bR 0 B B 3l PR R 233

BARSKF 20102018 4F A7 0] i 3K Al 55 L 7 bk
PLAG I, 7K MR 55 20 B S0 4 JE 75 oK 19 DX 3 1
HE A 2010 4F19 10.85 %0 34 3] 2018 44 35.75 %, Ju Fe
S T i DX K A 45 A 5 IR 50 A e 55 A DX 38 AR R
AN AR /NS S N (T L O P O (L SRR 1 S
145 Hiy s 7K IR 45 R 265 T 3 1 A2 T SR XS8R A B
R IR LTI AR HE B

F4 BEAREBAKRESHERRSH LI

LA
0y I Il i v N
2010 0.07 45.44 43.63 10.37 0.48
2015 0.01 46.89 30.65 19.92 2.54
2018 0.00 43.13 21.12 21.70 14.05

2.3 KBRSEHFILRZEHSFRENEFHHT

P T 2 AT S T 3 R A LA LR ) 55 ]
I35 PRI AR SCRI T SWAT 45580 547 30 380800 43 76 1
Ui 8 AT IR AR 3 &BAE R 1 AT 43 X ]l
SRS 2 X, | 5 Al N RO E AR
TR 28 HUR: X ESDR 23 1) 43 5 (0 i 48y d s LB
X ESDR %5 [0] 43 5 (4 52 i HLAT BH B 25 57

TERF B 43 X & PR R = T R
Pt N N Ve Sy S R = L S R SRR
DX, PRl R 1 (g D IR B /IR UK 4 B 7K > TR 7R
R = o B A YR > I > B > - i R
FH 2SR H v A [ K LA B RE T B i, g (E3A 0.772,
XA SEARE LK RN 5 210 m FREE] 1 430 m,

b B GER AR K A B K R 3k AR 3% 1 ik TR s D
TR 25 T80 RV 349 1L 55 57 e AR 8 Ak 5 ) ST BT RS N
AT B K it VAR ZE UK e R AR 380 R i
#uIX ESDR 48 1k 3 529K 3l 77 7, i 1% X+ i F)
FH TR AR Al AR X R L A R AR AR . AELL TR
Xk E B 2 43 K, % ESDR 25 [8] 43 4 (14 5 0 X7
ARSI S5 1 XS B EER TR
F1 (g A5 K BN /IR U A A b ) 288 70 = W 7F 7% 8
K AERR K > R > R > R+ R B 2K
T g {8 3 A K R R ZE UK AR R R AR L R
fif TR S R A R T K X LB 3H L 78k R
KT REK &L A K TR 2R UK AR 247 1 A e A 5 TR
Fas (AR A /N, 4 b A H 28 7 B 51 2 ESDR %8
e A8 AL i 3= R 3R 8 77 .

& 5 R AT, P R T 38 VR B R
ESDR %5 [H] 53 5 WS MR B L7 2 740 X AR oK o
55 b iR R R IR - 22 8] 9 38 B A R 0 340y ik
G331k 0.881,0.722, Ui B TGI8 & T 9F—Fh 43 X, HZEpE
KRB 1l A FH 28 R B A B 0 43 I St 2 3 0
5% ESDR Mzs [ itk . MR T EAEHS RAEE ., +
b 1) T 25 780 60 H Al 52 o PR 199 58 B A FH A A A A
FEJITE 0.601~0.881 , 3¢ W] A b | HHI 288 784 45 #4g 1y A8 4k
Xof 7K R 55 LT L 3 B AT W Sy B R 5 ) B A O 3
N K, #E3 F Hb ABE R W7 1 ok L 5 BORH K 7
SRARWT BT I TN AR TR .

x5 FHOREETHREN(Q)EE

GrIX BEZEM A FROKR AF 1) ik 1 A Wl e 1
%14 0.715 0.772 0.696 0.700 0.139 0.425 0.236
%2 43X 0.325 0.316 0.197 0.302 0.412 0.096 0.054

A | B E AR KA 0234 B £ 3. s S R

WE - o 0.500 oo [R5 WE - o 0.500 1.000

TR - . 0.38 MR - E . 0.464
(a) %15}!2 (b) %25}"2

R L o700 0823 0723 0733 B osse  DEE (X

EE | D696 0713 0830 0728 0729 FEHE - 01071031 . 022300263

ERAE - 0772 079 0795 0881 078 0798 EREKE 0.3710 3o RZE S0 35[0
WrEES K 075 (02 075 01 088 074l 0748 WEZMER - 0.669
K m = @ R W B K W = @ R & B
®/2 X & £ B X K 2 ¥ & £ B X K
B W ® B ®oOB W [ B
oo +H +H Hq o +H +H

# .

T+ RN AL R 5« RN XUN TR

B 5 F45XESDRZEERRNER



234 K PR R

o5 35 4%

3 Ww

A7 2 I PG b b XK PR R AR P S B b R
HH A 5 DX PN o T 9 s — B A LK R 55 1L DE
T A T oot R 2 L AR PR XoF X s K Al 45t T R T
FEAE T 22 KA SL R DX K U AT RS R LA

AR SCIE AT 51K R IR AR S DX 3K AR 45 7 5K
5 5 0 A B A 3% FH K L T AR Rl ok 25
SR AR B 5 7K 0 A% ol B CRE K LR OK LR AKD
(7K B G A — S DR RD T A% G K B IR A S A
KB K RSP CRA A BT S A
N R ARG AT R R, SR IR T A L K
SRS RS B TR . S AN AR SCHE S R
Ty 7 it 169 HE AU K SR T2 9 J i 3R B, | i R A3
B BRI BE T BOUK 2 70 25 5 B — i w25 (0 A
S VA] I B R ) RO AR AT X — 15 22 AT LA
ZMEATE L K A N X K B VR R R T
B B 1 ) 23 £ 8L )R 3 — A R B o 4 T b ke
DX 350K Al 55 B 5 R 100 20 A7 VA7 T LI 7 K 9 T AH
BEZ PR TR, RE Y C A 2Rt
DX 35 K 9 TR 1) BF 5T (5K 22 045 B8 A 2 ) 52 i AL BT
Al o 7B A T DC AR B0 5% i R A ST A D AR
SCAEXT K R I S R S AR K R R T T A
(23 (a1 I 55 77 7K dk 23 0] 43 B — 30, DUAE 3E AT 4 28
ARG T » BT R 7 2 1] e 3sk K R 55 (L bR B i o B4 T
BREA AR . B TR SRS T 9 R FR M, A8 3¢
{CEH T AU REK SEARXT AR T 2010 42015 4F,2018
ARSI BE X AT g S A NI X 45 SR i R 1k . Hb
PRI 25 AE R 3K 3h 1 MR F o Fr i 0 TRl 2
[ S5 JO M ohe R0 PR A et 55 1 A ek 1) 2 [ 40 A 4 R 1Y
— B0 i e T LR A R X PR AR Y SRR B LA K
A A AR B OGRS AR e AT R X
DA i 9T 3 1t A e v OIS T B R R, B R
Ui EL A B R A S o S X TR TR B M A R 26
Y, HK R 55 BE TR R AE 14 25 [B) S 0 M O |8 3, AR 3
FIH SWAT #ERDEE A7 E W 380400 43 0 8 4> F Ui 3w Al
e [ N {1~ 8 1 s i A I s o P s B = )
Ji] 43 S 0 Ry BH G Ml PRI 10 25 R 2R L UK IR 55 it
7 bR 2 B R AR AN [ 43 XD 7= AR T B Y 2
5o FE LU H G R A K A 2 R S T R IX L
K R ZE A N FEZEIK 3h F1 L i B AR
O R O e v o 3 35 <3 1 A SN2 A S
AR ZLIREE A K E AL A InVEST 7= /K 2 455 R %t
DX K Al 55 L 5 R AE 2R AT 5 L 7 Lk 3 kb e G s )

o3 S BB R R #EAT TR AT i XK R I A

FRLR) LA B A KA AR TR i —E 525

4 Hiw
(1)2010—2018 447 S K Al 55 ik 45 25 ] | 5

BURE AU AR AR A L K Ik 55 45 BE 0 A BT 3 i 3K

I 55 it ey 1) DX A2 S A i s I s 7K I 55 5 R B i i 2 1

T 2% 28 b A B T AR K IR 55 7 oK B I 9 /b, U s

FR S AT I Al DX R Tl X K IR 45 TR B K
(2) A7 T K 55 A3 5 R 0 A7 B A Bl 3

WE I B A 7K i 55 13 26 B 5 4 T 2 75 oK 1 DX 0

T 24.9 % K IR 55 A R D0 F A 55 00 IX e b T

22.51 % BT WAL TOR BT L BGE S
(D TEAIR 1 43 X, 25 B Bl [R5 25 [1] 43 S5 11 i

B BN E S, TEFRRAR B R b %

S DX AR R RORIVEE £E 7 UK X ESDR 25 1] 3 57

()i T 0 SRR s 7E T T IX. A i A1) T2 A8 1l Ay 3 K

I T AT R AR T L AR R K S LA

FHSR B K 2 1) A 32 FAE A R RE ) dic o R T2

YT H A 52 00 A7~ 10 232 EAE e ol B

SEHK:

[1] Loomes R, O’Neill K. Nature’s Services: Societal de-
pendence on natural ecosystems [ J].Pacific Conservation
Biology.1997.6(2) :220-221.

[2] Costanza R, Arge R, Groot R, et al. The value of the
world’ ecosystem services and natural capital [J]. Na-
ture,1997,387(6630) :253-260.

[3] Burkhard B, Kroll F, Nedkov S, et al. Mapping ecosys-
tem service supply, demand and budgets [J].Ecological
Indicators, 2012,21:17-29.

[4] WeiY P, WuS, Jiang C L, et al. Managing supply and
demand of ecosystem services in dryland catchments
[J]. Current Opinion in Environmental Sustainability,
2020,48:10-16.

[5] ChenJ Y. Jiang B. Bai Y. et al. Quantifying ccosystem
services supply and demand shortfalls and mismatches
for management optimization [ J]. Science of the Total
Environment,2019,650:1426-1439.

[6] Xu Q. Yang R, Zhuang D C, et al. Spatial gradient
differences of ecosystem services supply and demand in
the Pearl River Delta region [ J].Journal of Cleaner Pro-
duction, 2020,279:e123849.

[7] LiDL, WuSY, Liu L B, et al. Evaluating regional
water security through a freshwater ecosystem service
flow model: A case study in Beijing-Tianjian Hebei re-
gion, China [J]. Ecological Indicators, 2017, 81: 159-
170.



53

TR 7 A B K R 55 A3 5 bR 0 B B 3l PR R 235

[8] #ifdsm, & & R, 2M, % 5T GIS Al InVEST ##I [
R S R G M S I I 2 sh A AT KL i T
F LT BB 2#,2015,34(6) :916-924,

(9] T Teall, BR%E A 78 30, 55 A0 2 a0 3 3K U6 T 77 2 R s 1 3
i B2 ) 22 S [ ] A A5 244, 2018, 38(13) :4637-4648.

[10]

[11]

(12]

[13]

[14]

[15]

[16]

Wang Y C, Zhao J, Fu ] W, et al. Effects of the Grain
for Green Program on the water ecosystem services in
an arid area of China-Using the Shiyang River Basin as
an example [ J]. Ecological Indicators. 2019,104:659-
668.

XS XS BN 55 0 B AR R R IR 55 it
it VCTCAIE T - L2 M T D 5 L ). B 2741, 2019, 74.€9)
1921-1937.

Chapagain A K, Hoekstra A Y. Water footprints of
nations[ M]. Delft, Netherlands: Unesco-The Institute
for Water Education, 2004 :80.

I, 2 K R G AT R (] R A 3 R, 2013, 33
(18) :5458-5466.

TS RF T T E.2005—2015 AR/ S
& bR (S SR AR R a8 AN W S S
% ,2019,33(5):139-150.

B K ZE L B BE . 20012011 4 A 2 I 3 48K S IR
RS RS LT ] Rl ), 2016,25(2) 1 10-17.

HR A KR T A K SRR A HILUR). 2017 AR S R
K %A 2 EB/OL]. [2020-10-19]. http: //slt. gansu.
gov. cn/syhgli/lygl/szygl/202004/20200407_126322. html.

(LB 227 7))

[22]

[23]

[24]

[25]

[26]

FVLUEL AT E LE L EET GIS MR oy i
Ml A 25 F G0 SO R (B PP A« DL st B X )
[ db R R 22247 .2009,45(1) 1 151-157.

ARERZAS , TR0t K L AR 35 IA 3 4 U 3045 1 58 7 IR T
[JIkFHE 5 TREAR,2014(2) . 82-85.

2T K AR T R B T A R AR AR S
RS R w [J]. K £ 0 52, 2020, 27 (3) .
277-285,293.

XU, i) E 2% L 2858 1 S 3 T 3 A o 8 IR 4% 1 S IR
Mg B 7 2 LT ] A H AL . 2020(2) £ 369-374.
BTl ket sC kL LB R L E RAM 2
FEPE ORI 50K 20 58 #E 8 [T . 40k BUAR 2 4% . 2015, 46
(8):72-82.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

A B S A R R R S RS
Mz 55 P e AR AR LT ] Aok B 22 . 201936 (1) : 27-36.
RIS R WAL, 45 B R BK ) N A = 10T Ik 3 AR 25 280
AR M LT 1K 2 AR5 2441 . 2020, 34(6) :187-193,

Gupta S C, Larson W E. Estimating soil water reten-
tion characteristics from particle size distribution, or-
ganic matter percent, and bulk density [J]. Water Re-
sources Research, 1979,15(6):1633-1635.

Hoekstra A Y, Chapagain A K. Water footprints of
nations: water use by people as a function of their con-
sumption pattern [ J]. Water Resources Management,
2007,21(1) :35-48.

HON A G R N kR AR IM] b 5t i F S8t R
fi4k,2011—2019.

HA & K FIT.2010—2018 48 H i 4 7K B I ik [EB/
OLJ. [2019-11-11]. http: // slt. gansu. gov. cn/xxgk/
gkml/nbgb/szygh/.

Wang J F, Hu Y. Environmental health risk detection
with GeogDetector [ J]. Environmental Modelling and
Software,2012,33:114-115.

INAE S sl r =82 308 B Sl 0 43 it 5 s 1) 2R
Fo L) AR AIK B R %412, 2018, 39(2) : 1-11.
JREE TRk, T8 KR HS R LR [ ] K KRS
K THE2# 4R .2013,24(5) :106-111.

T 20 B AR BRI 2% B R B (], M B 2
12,2017,72(1):116-134.

RICT , TG B R AT R A KB K+ AR R T RE
W25 A EIEAN LT 1K R ARF5IESE . 2019, 26(5) : 243-248,
Minor E S, Tessel S M, Engelhardt K A M. The role
of landscape connectivity in assembling plant communi-
ties: A network analysis [ J]. Ecology, 2009, 90 (7).
1802-1809.

Lautenbach S, Volk M, Strauch M, et al. Optimization-
based trade-off analysis of biodiesel crop production for
managing an agricultural catchment []]. Environmental
Modelling and Software,2013,48(10) :98-112.

i, B I, R Ba= L 45 0k T K 3R & JRC 8 1Y I
BWOK R Fe s BRI AR SR [T]. 4 + TR =W,
2008,30(11):1738-1742.



