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Abstract

Focusing on the Huaihe River Basin as the study area, this study selected 2000, 2010, and 2020 as
representative years. By integrating multi-source data including meteorological records, digital el-
evation models (DEM), land use information, and soil parameters, and after ArcGIS preprocessing,
we developed the InVEST water yield model module for database input to simulate the spatiotem-
poral distribution patterns of water yield in the basin. The model was validated using actual runoff
data from hydrological stations. Results indicate that water yield in the Huaihe River Basin exhibits
a spatial distribution pattern characterized by “higher values in the southern and northern regions,
with mountainous areas showing higher yields than plains.” Temporally, the yield demonstrated a
trend of initial decline followed by recovery from 2000 to 2020, with the average annual yield de-
creasing from 387 mm in 2000 to 352 mm in 2010 before rebounding to 378 mm in 2020. Precipi-
tation is the primary driver of spatial variability in water yield, with a correlation coefficient of 0.89
between upstream precipitation and yield; forest land positively contributes to water yield mainte-
nance q = 0.41, while urban expansion significantly reduces local water yield capacity q = 0.37.
Model validation results (Rz = 0.87~0.91, NSE > 0.83, RE < 3%) demonstrate the high applicability
of the InVEST model in the Huaihe River Basin. These findings provide a scientific basis for rational
water resource allocation and ecological conservation efforts in the region.
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1. 518

T KRGS RS RGN FAE SR R IR —, HIN A% 5 52 RHEE
LR AR BN XK B 2 4 5 A2 B P i B AR (1]« VAT JAe s Ak 3 B B b U e, RS B e\ T3
&, S0, REFRZMEI X5 ANOEEX, MK AR TR EEKJFEE . ZisEy
KGRI B 812 ALSLTT K, HHI T2 X UREM,  FEKI B AT A 5, LR K — B
600~700 Z&K 2 [A], 1M g & 1l X AT iA ] 1400 222K LA L, 10 Ho it T s 52 B3] <Rk 700 4R i /K R IREL,
Pt LB Al 5 0 IR R A e N S SRR s SR A S B R T A A B A, T AR 2R K
AR AR P AR ZI GG, K BIR Bt JE H 2t R i [2]. PRI, S UL ™ K R I 2y
REE RN R SR AN R 7, Rk B BRI S AR S IR B I S X

EFR, OAFHHNEMRIEIT R 17 KR . R ESERET InVEST #0471 A i
XTI 2 BB K N B A R RE R, 7R 1A S i A S K BE AT ROAm IR, (HAER AT
WHRR T ZBERN, REEEGERIK[E]. FEESEFA InVEST H8 5 B RN SR 7T 1 MR i
PRI RSS2 (A e S R R 3R, BB AR AR T, EASGVE B, sk =0 o R P SR X
RGP HT[4]o BEAh, el SR s KA A 6 K RO T A R AT AT, N ER AR AR
MO AR AR R IR AR A 7 AR, (R B [ A K R N s I 5]. SRS, BLA T
FOBCR AR TR A 7 X B R T — I (A T, sk = T 2 ARy R L A PR 4
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T BB KS L H R STER R INVEST F= /Kl &S 7 .

INVEST (Integrated Valuation of Ecosystem Services and Tradeoffs) 4 7 7K B He Ik 1 /K B -y J 74,
JIT e B AR 5 3R, (R RIARE 5k, O 2 B T AN E S X 2 K Dy RE VAL HR [6] [7]. A
HAREWTIER, BEACRIEH /K& 2 A5 S W E S 7, T L ) A /78 e AR A a8 28 BOR A R 2
R, KR K E BE B EAERS] [9]. TR, A FEE X BRI KR & fa At A A
PIHIT e InVEST 7 /K BAUL 5 SRS AL A A 7T[10] [14], BT i yHE i) e 80X — S R AOY SRS T e 2 A L 42
TR EE 1) K B BN A 5 BRSNS ST AR AN A2, GBI T I 37 B A4 %of b A M BRI 25
A R FH DR B SRR

B, AL ARSI 7L X, S H 2000 4F. 2010 4F A 2020 fE N HALES, AR DEM,
R R ISR 2R AR, 4 ArcGIS TACEE 5 R EE INVEST F=/K S Hdi N E0d i, ARl = /K &
(A7 (B4 AT, I 7K Sl AU SED AR IR B S R AT R HE S B0E,  J0 B K RN A AR AN, IFR AR
RAE 73 AT B M ER PRI 45 540 7K 5 b bR FH AR A o) 72 K B s ) 22 S AR 70, DA AT i 38K B s mT
FREE R H 548 R G E R AR AR .

2. fiRX. BIRSMEFE
2.1. MRXER

HEIR(113°~121°E, 31°~36°N)BEEE 4. . 75 & . SEHA, WAL 27 Ji km? (5] 1), HiALRRIE
A 18] VAR I I ) 2 2 KU X, R K B 800~1200 mm, F& b, ER&ET. BifA e
BRI RIS, RN, BT > 48%, AL HEFIEKY) 2.3%, &
SR IR K
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Figure 1. Research area summary map

B 1 R XEEE

2.2. WHRK TR

F AR 145 2000/2010/2020 FEAE B K B 5 R ZBUR (H XSGR 245 0 \MODIS ET, 1 km).
ASTER GDEM V3 (30 m). -F-3ty 1 H/Z8 45 50 (h FERL 2 B BRI S 8 b, 30 m, EL4p SRR/ AR/
B /7K S A FH B AR F ) 3 &% PAWC (HWSD v1.2).

£ ArcGIS 10.2 H 2 A 48— 15052 2 Albers S5 R B HE% 52(CGCS2000, HhZ 2k 105°E, bri#Esh

DOI: 10.12677/gser.2026.154070 776 PRI


https://doi.org/10.12677/gser.2026.154070

TR, K%

2 25°N/AT°N), H%/KFIHE R AT S “Extract by Mask” 37, LA 30 m 15 H] & Jy Snap Raster 1
TEAIAR R 55 /R MG AL A8 AR 2 30 m, R ] 5 93K AR A B0k B SRR, A M
o FAE S g2 b v N 4R 6] [12]

2.3. INVEST FE/KEERSSH
231 RERE
INVEST AL p= /K AR BRI 45 N /K &P R B, AR MINE Bt 7 K B2 T % S0 AR K
BN LSER AR R E. AP KE QRN x MM E LR A j R K&, 1HEAFXN:
ij = Px - AEij (1)

Py /e MlithE x HIEEFE/KE, AETyESEbrZ8 UK & . T AET HITHE U T 28 BIUR PETY AR A
KA HIR R, A —MEIE R B wox LA RN 1356 A0 25O RO -

AET, ={1— Ox j-PETX @)

o, +m;
b, myFoR BHUR SRR AR A ISR T S, —BCRIET AR .. o2 SEENER T, HE
YR KE U RBIEARR 2 WE R, AR RE T R 2R A S B (FEHUR 280 Ko, IR AR
J5E  REL TR 6 T S K AN TR 2R T I AR UK ZE SR AN SR, RE B 2 A b Js e - 3t R P /78 A8 A% 7= 7K g
JIrgszma, AR B N AR R SR X B K AL AR 202 R [8] [9]

232. BYAMUGE

KEES A AL ¥ B B SR RE B, AW X LU N S H0#AT T A B IE.

1) AR S FREKE S 2B 73 nRIE T KRR 58 0 F MODIS ET 7=, J5
G237 HE%0N 1kmo 7E ArcGIS AR PR 28 B0 Fe (B V2 R0 R Sl s B R 2508, IR BERFE &S 30 m ¥ [R] 43
HER , 2000~2020 SEHEV] AR AELIBE K BN 780~960 mm, SR Z AL EHEBEEBR N
850~1050 mm, JK#ZER 3. EMIEAL b, RN P SRR ot A X i R 30
ITBIE, IR A S bR K SCE -

2) LRI ZE . ORI AR SRR T R 2 B B YR PR SR 2 £ A 0 2000 4L 2010 AEAT 2020
SE A E A H BB AE (B0 m A HEER), SE IO HEHL. MR, EHh. K3k, 8 A HURTR R A
AN, HWIESAEYESHER . Z5EUR 25 Ke 2% FAO Irrigation and Drainage Paper No.56 £ (1)
TEVIREL, 45Er s & /N 22 57K G AE & S A0 I 508 AT AR HAAB IE, ¥ Ke (B HBRIAT 0.85
N 0.78. WRAREMYE (PEREME) &AL RS BT AR, EAMERRERR RIE
>4 60~100 cm, FEAIAE RE K E(PAWC) A 0.18~0.22 cm¥/em?; Bt Ry 30~50 cm, PAWC Ky
0.12~0.16 cm®cm3; 2t & A HiAR RIEFEAL 20 cm, PAWC 24 0.08 cm3/cm?® [10] .

3) LIESHL. LA R KR (AWC) K IE Tt Jt - 38 5 2 (HWSD v1.2), $EHUEYIA 20 & K &
(PAWC) Fe AR 2R PRl B 255 U8 o S SV~ J5 2 A A PO RD 3 -, AR Sl -H 35835 T 2 Xk PAWC
SRHATIE B IE, DA T IR X P KB I HER P . DEM SEH SRTM 90 m 23 #E% 7= 8, F T I
B Il A R IR g, iR K SRR A A TR R — B 1]

2.3.3. {RBFEIHIE

N PRAFASEAZE SR (0 T S5, ASHITF 9 38 BT Jt 4k P 2L A AR R 1 7K St S AR R A4 SR A T A B B0 0IF

B R T KRR SCAE S K [ ZKSCEWE 2, iEs 2000 45, 2010 £E A1 2020 4 =AML A4 43 () S 3545
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M. PrEsh A T, SRR SRR O S E BRI, A T R, RS RIK SR
JG, BH R EREME, IR, Jok ol AT ES InVEST AL K S BT 23 8
BN, FREUHRLIX S5~ 35 72K s AR AR S R /K DX T AU S AR IR 4 SO =K 4, DU S 8 2 =
IR FERAT B LI . NI K BE TR BE L 51 /K AR S N RIS KRR IR FE T8, AWt A S i
TP N A L A KR REAE, 5% ChEKBEIEAMR) T BB IE,

XTEEEE RN, 2000 4. 2010 A1 2020 AU 7K B -5 S AR AR 2 R 0 A SR E R Sk —
RN AR A R KT . R E SR, FOKEYE S T PRI, 5 SR A B
TETFIMLL EIX 8k, BEA R Ehr il g = /K X s A3 B R RO R UK 3 2, SRIAR I S IA T A5
PIGER, KB AR TN NPUK I, X2 INVEST BERIE NS5 h 23 42 X N 1 [ R R «

R0 VPN E, AW FURIRE RE(RY) AT RO R EU(NSE) RIAHTHR 2 (RE) =M ridt
1TV . THEEE R 2000 45, 2010 4FA1 2020 411 R2 43524 0.87. 0.91 1 0.89, Ul fE 5 5MIME 2 7R
RN NSE {H2> 528 0.83. 0.88 10.85, KT 0.75 HIFI 452 RIME, 22 HIRRY B BT I7K
SCEEAIRE ST RE ZAXHEI/INT 3%, WK BIRVPFN IR BE R . ZRG DL EFRHR, INVEST ARALFEEITIIE
FEKEA S A BB G M S TR, RS ST TS S0 2 A R A i SR B R T A7

3. RS54
3.1. FKEZEFIHFHE

R INVEST BEAUELRL, 53] 7 MR 2000 4E. 2010 4EA1 2020 4E =N s AYEEA3 77 /K B 25 18] 40 AT
B 2). AR 1, A K &R A e+ R, 2 “Fmdbif. X @ T PR” s
Jao FAFBIOR AL MR L B AR L X R BK =it . AR S P v, X K& s s, R X kit 600
mm; 1AL P SR R 28 i . ARG BN B4R, oK BB, FB I T 2 2E X EL AN 2 150 mm.
RIGHTA L, BWFPe KBTI KT R, X SRR . R 2R R B KA B S TR %

BE—2D 0 = WP AT AN, FoKE T B X A AR R R TR R IX, A R SRR, RS,
20 AFA] KR N IR L — RAE 20~50 mm 2], SE AN 300 S AH 8. FUKE BT
W) 3= B IE R T AE SR X BGBHHERR X, QB g AAE X 2, X 5 AR AR n KoK AR RE
TR S B DR O, 1K Rl (8] 20 A% R B, P /KR oA 2 SRS 5 N NG sh AL [FIVE F 45 3R

N

100 2K

V\,jf" -
' i&ﬂ‘f@w
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20004F B /K Bt/ SEPRIE R =i
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Figure 2. Spatial distribution of precipitation, actual evapotranspiration and water yield in the Huaihe River Basin from 2000
to 2020
2.2000~2020 £EEMRIBIEK E . SERRAARRNE M KBB4 E

3.2. FEKERETLHFIE

3.2.1. KB)EELFFHIE

2000~2020 AFHAE], VERTRIECS A K B R ILRECD S IR . IRYE InVEST AT As
R, 2000 FERIB 7K EN 387 mm, F 2010 FF£E 352 mm, kb T 9.0%, Sl H i B K
TR ENNHESFEHIKEIRAA R N . 2010 4ELLJGE, 76 E R A SIS E BURHESE & B0 230 it
FER R, 2020 447~ /K & B T4 378 mm, #2010 SE340 T 7.4%, {HAMET 2000 FHIKF.
X AR 3 5 R S SR LI B R ) £ 2000~2010 4F 3 ] 4F 15 A K B A 920 mm £ % 860 mm, 1T
2010~2020 18] X [5] F+ 22 905 mm, W FE7K 2 520 77 /K B AR BRAR A I 3 R 3R

DNRE— AR N I P B R ZE e, Goit TR A X (R R B i B R
TER GBS YTIRIUZK Z2 VR R 2 X)) = AN ML R A4y RSP 35 P K B (1) &1 Xy 52 300 S P s 18 11 A
i, Forpriiiedb Bk s v B35, 2010 4577 K &4 2000 4E980 T 42mm, & 2020 FFEEAKE 2
JEA K RS ALBCSZ KR TRE S R2m, AR e AR

3.2.2. FEEBHFHE

M7 T S BB S A R, T i 72 7K (X (450 mm) B 1 2000 4Ef 3.68 5 km? (i sk i T
FHIE) 13.6%) %608 % 2010 £ 2.91 73 km? (15 10.8%), = ZJF A& AR T BB sl vt it i 3th, &
PP KAE S N FE. 2020 4F, K IX ARG AT [\ 712 3.26 75 km? (15 12.1%), X 5B HHEMEBCE 192
FAESRI LR e B UIA G, HULRIE, %77 7K X (<300 mm)[EifA7E 2000~2010 4E[A] A 6.17 5 km?
%2 7.30 15 km?, 2020 4F X [E1¥ % 6.73 15 km?, fiG/7= /KX FEAGTERR M - 75 b - BRBH - AR M A i3
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Table 1. Water yield in different subregions of the Huaihe River Basin in 2000, 2010, and 2020 (unit: mm)
F= 1 EAREAE FX 8 2000 48, 2010 48, 2020 £E/=/KE (B4 mm)

TIX 2000 4 2010 4 2020 4
VR L 312 305 332
e LB 395 353 388
NN 370 340 362
PTIRINK 2 380 345 375

BB A A X 368 338 360

TRE, R AT X oK SO fE =2 T B2 s (1] 3).

Nk SR R K R A ()R RS I 45 R T REAE , 7 7K &R o N A S R (B A : <300 mm; {i%: 300~350
mm; F: 350~400 mm; fH: 400~450 mm; AR 450 mm), Fiil SR = B ARSI (K 2).
Hor, 7 SR DR, HEI S 2000 £ 30.1% FFF A 2010 £ 27.8%, A7+ 2020
1 29.1%, BT ARG KBRS RS I RIS e 5 |7 U TARLE 2010 R
AT 127 J km2, 2y 62%5EA Ny b ZEg, 38%EEAR N AR gk, EEEALETEE SR ERE
X, H&FEHEREMBHHITRAG XK. T 2010~2020 FEHAME], 2 A5%EG &= K X ok @ 5« &
R ETEE, WHAESERKIE THRIEM.

Table 2. Distribution of water yield areas by grade in the Huaihe River Basin in 2000, 2010, and 2020 (unit: 10,000 km?)
e 2. AEMRIE 2000 £F. 2010 £, 2020 Sk EFRERSHEA: F kmd)

31 2000 4 2010 4 2020 4
A% (<300 mm) 6.17 7.30 6.73
1%(300~350 mm) 4.82 5.60 5.10
r(350~400 mm) 8.15 7.51 7.87
7(400~450 mm) 4.18 3.68 3.90
% %5 (450 mm) 3.68 291 3.26

> 7
>z
=7

100 100 T 100,

.G I nn)
L Ll I 450)

e BT B AR RIS IR B IR 55 W T R S GS(2024)0650 (AR &I 1F, i E BB T

Figure 3. Distribution map of water yield grade areas in the Huaihe River Basin in 2000, 2010, and 2020
[ 3. #EATAIE 2000 £F. 2010 £F\ 2020 FrokBHFRER S E

s (>4
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3.3. EKERIEFIH

3.3.1. FEKIEAIF M

R 7K R S M Y] 3 K R S TR 2 I B 7. INVEST REAUREILE SR W], 2000~2020 4E77 /K &
e DO AR AR R IR . PRI AR BSEBKE 2 X, 1 R R X K R, A
()3 A B EWI G o it — 20 8 B W Bk P2 /K B R R AR, R = /N4 R B AR 7= 7K i B 1A T
FHIRPE BT, FE4Zidk b R X Geih (55 3). &5 R EoR, B X Bk 5 P2 K & AH O 240 0.89,
A 0.76, FUHFNN 0.62. IXFBIBEE T V2 LR A THRFEEERIINK, Bk 72K 4 il A
FHIZMR TS, LR 45 T 28 0 DR 3R 00 s e A R0 5

Table 3. Correlation coefficients between precipitation and water yield in different regions of the Huaihe River Basin
(2000~2020)

= 3. AR R X ek 577k 185X £ #1(2000~2020 £F)

X 35, i i T
P 0.89 0.76 0.62

3.3.2. X HuF TR SRk

- FH I A AR K IR AE A B R 32— 2000~2020 4, V]I du A 14 FH R T AR
MZ) 1.8 75 km2 322 2.7 J5 km?, HEIA 50%, 5 AR [FEAARHL R D T 9%, Hh
AR/ 12%, A= 35 FH S AR R4S 35 (] 4) . INVEST BB A R R W], X Fh AL B35 B T
XIEF=KAE ST, AR et X AL i FL P2 K B AR A 15%~22%

451 1 [ti]

20004F +3bFIH 20104F |- $u 1| F 20207F £ HFIH
I # =30 i
i - .
= Hih =i
K |__ES0 K

— e RS s

e Z BT B AR IR IR B R 55 W3 T R S GS(2024)0650 (AR &I 1F, i BB

Figure 4. Distribution of land use types in the Huaihe River Basin from 2000 to 2020
& 4. 2000~2020 FH#EAT At iE 1 3t F) A 3E B 53 A5 (B

R FH RN 45 o ) DL RN, Al T S R Y SRR K B ) ) S R ARE 70 (0 1) (2 4).
Horp, M) g (B9 041, XYERFRGETKRE T AR @A o {505 0.37, HI ok B K
TIKEES T BRBIIRE /109 0.28, T EEZREML X R AHREBUE NI, XK BRI E R NE
8] B, AP i B S B ™ KR R R AR RS TR L AR - fid HAE RS DU R
DX AR L SRR BHEARIX I, K EA IR, R4S E RIS 7R
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Table 4. Explanatory power of major land use types in the Huaihe River Basin for changes in water yield (g-values)
= 4. ERTE EE A R B 28BN Pk 8T LAVEERE (g (B)

R A S A% Bkt B
qfE 0.41 0.37 0.28 0.22
4. 7Fig

4.1, FHHEMERED

RUE INVEST M LE IR Sk R D0t e (0038 P I, (BRSO 46 AP A7 AE 25 T AN e MR, 75 T LA
ARGV

e, NI R EOK S 7K 2 R RN e DR 2 . VRV IA IR R
(X, A< FHEML T AR L G B A B 70%0L F,  dhiieig A B T i oAb B4R A W E UK B 29 80 12
~120 1¢. m®, Hr& 77 KIRL) 30~45 mm, AH Y T XA K & 1) 8%~12%. 7K & BUK I R B AEAN ]
B, HERR T SR A K AK EE 180 R %, BEZ I 200 12 m3, KR ikl
I e At R 5 R TR 7K R PR R 5 A FH T (5 O S A2 3t B A SO (G 10%~15% 0 IX R WRE R RUAE Ff R
T T DX R 7K PE ) (X T A 2R 401 T A 72 7K R 5%~150%, 77 VHEBE i Vg AR /K SRR T N B 2

HWR, RESHR ARG R AR BE . R Z SERZERUR /3 Ke 3HT T U
W 2 Z WHE 10~30 Y BN ARSI, AT K E AR IR N —6.3%~+8.1%, /K& A (AR JR AR
RARAIENAS; Y Ko ME7ERAEE LA EIFEh+10%0, P2k BALIEE N—4.7%~+5.2%. X% BRI
ZERN 7 HBOR Ke B — e IRUsE (BB S 2% () o A S AR B A ek

BEAt, INVEST FEsk AR I F-45 RN R K & 1l JR B, 200 1 U R /KA . HEE S g AR it A . i
TR R T T X R KA IR B (— R 2~5 m), AN B S BB R K, X KRR A AR A
N SEBRZEBUR B /KA, ] B S BOR X 48k S b T FE AR K BEUR B T il o AR AL T 5 e R & SWAT 58
MODFLOW %ML, 58U GRACE H 77 T2 £dli v R /K il SR AT 40, Dtk — b4 mir=K
RLALL R RS B

4.2. FERRIE AR K IR AL XA & 54

WFFE3ET INVEST R AU AE BIVER AL 2000, 2010, 2020 4E/= /K B K5, 45 R RKEE
PR “FE AR RFE, H 2000~2020 KR 2GRS ES, SOAET InVEST BEBTE S
WAK[8] PULIRIR[13] S VG Ak N i Tl I [ 10 B A5 H 1) B 7K &2 (R 43 4 K7 LUCC X JRj
PAOKEA TR MR8, W8] INVEST 772 /KRB e AT 380 2 B b At I8 7 R R b
s R A B 3

FEK 5K BRI, Bl IX &M RE0E 089, £ FHEFEME 0.62, X5HTA
TR “BEE NP, SURE XK R TR, FEEEFER LI 91 FF. iR
U S e P AR R R IR, AN IE K RTINS 8RB b . RO R, AR K & BEK
M) S A RS, 3 2 AR S 43 3 T A DXRADLE B v TS AR IR A SRR, 5 Basha S8 [6]7EENE |
ETA] b Je Wei S5 [ 14175 S PR 3 1) 2 BAH AL«

R AR A TTER Ay A R, R K B R IR gEREE I (q = 0.41), R F b 5K ) 35 B
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