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Spatiotemporal evolution characteristics and interaction effects of carbon storage and
habitat quality in Hutuo River Basin under fragmentation
ZHOU Zheng"?, LIU Zhe, ZHAO Jinyong*, ZHAO Lujie’, REN Zhixiong’,
DING Yang®, YU Zicheng'*, GENG Shaodi’
(1. Key Laboratory of Intelligent Water Resources of Hebei Province, Hebei University of Engineering, Handan 056038,
Hebei, China; 2. School of Water Conservancy and Hydroelectric Power, Hebei University of Engineering, Handan
056038, Hebei, China; 3. Hebei Provincial Water Resources Engineering Bureau Group, Shijiazhuang 050000,

Hebei, China; 4. Department of Water Ecology and Environment, China Institute of Water Resources and
Hydropower Research, Beijing 100038, China)

Abstract ; [ Objective ] Clarifying the spatiotemporal evolution characteristics of carbon storage and habitat quality in the context of
ecological land fragmentation, as well as their interaction effects, is crucial for regional ecosystem protection and management.
[ Methods ] Taking the Hutuo River Basin as the research object, the spatiotemporal evolution characteristics of habitat quality and
carbon storage were quantitatively analyzed and their correlation with the comprehensive landscape fragmentation index of
ecological land was explored by using the land use dynamic rate, land use transfer matrix, comprehensive landscape fragmentation
index, InVEST model, FRAGSTATS 4.2 software, and geographically and temporally weighted regression ( GTWR) model.
[ Results ] The result showed that; (1) from 2000 to 2020, the area of ecological land in the river basin showed a decreasing
trend, while the mean value of the comprehensive landscape fragmentation index for ecological land increased with fluctuations.
(2) The habitat quality in the Hutuo River Basin exhibited a declining trend, dropping from 0.42 in 2000 to 0. 38 in 2020.
Regions with relatively high habitat quality were mainly concentrated in the central part, northwestern edge, and southeastern part
of the study area. (3) Carbon storage in the Hutuo River Basin showed a gradual decreasing trend, falling from 320. 23x10° t in
2000 to 313. 81x10° t in 2020. (4) The fragmentation of ecological land had a negative effect on both habitat quality and carbon
storage. The interaction between habitat quality and carbon storage exhibited significant regional differences, with an overall
positive correlation but variations in the intensity and pattern of the interaction. [ Conclusion | The findings can provide theoretical
guidance for ecological land protection, habitat quality improvement, and ecosystem restoration in similar river basins.

Keywords: crushing; habitat quality; carbon storage; ecological land use; landscape index; ecological restoration; GTWR
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F2 BEAREARE LT PEREERE t+hm™
Table 2 Carbon density values of different land use types in Hutuo River Basin t+ hm™
lucode LUL_name C_above C_below C_soil C_dead
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Table 3 Suitability of different habitats and their sensitivity to various threat factors

- b 2 A RS Bt A R T K B i LU R A P
#Eob 0.40 0.30 0.70 0.30 3.00 0. 60 &
M HL 1.00 0.70 0.70 0. 80 — — —
O 0.75 0.50 0. 80 0.30 — — —

K Ik 0.90 0.75 0.65 0.40 — — —
HRE I 0. 00 0.00 0.00 0.00 10. 00 1.00 "
A 4 0. 00 0.00 0.00 0. 00 6. 00 0.30 & H

S, 1 I S Bl B S RN, B R TR
Y, =Bo(ui\ vy L)+ ZBk(um vy t)x, tE (4)
E=1

K, v, BoARHAZE; m BIEFEAREG w0, A,
STMNTRLERE . REEAIBTEL (. v, 1) RoNEA S
(] AR AR FTE 0] 95 5 R SRAE ST 15 By(uyy v, 1) RN
FEAE; «, BB S B, (u,. v\ t;) T8 K" SRFE
J AR & MFEALIRZETI

2 SR

2.1 2000—2020 £ 1 i A B =T 547
2.1.1 BRI RE

PEVEI A AE 2000—2020 4F 4 ] -+ Hb A1) FH 45
R JFasE, EEUEH A 3, BT S,
2000—2020 4, FfHi i AL R B R ot S, ik
FHHB O S22 1 Tha s, AR B TH , PRI
BAE 2005—2010 4F 0] B A A LR 55w, g A
IR A 6. 66% , 11 AR H 1 FLE /D R 0. 71% (L
F4), AESHMT T, RPN, AR

PREFRRE . AKBTE AR 32 N 2805 3l 5 S A28 Ak i U
E, SRR, AR, Hrp
2015—2020 4E ] i B AR AL 2B 2, BEiR A
3 0.74%

ZE LR, PETEIT S A A A R R R R
i, BRI, 2000—2020 4EHA ], #Hb K 5
ARG 8L SRR R -0. 22% F1-0. 81%, 1
PR FUEALE R, HR T BUE g, shaAs
EFN-0.32%; SULIEET, Ei M A A A Hb i
FUA RT3, sh 2846353 51 R 4. 08% F1 7. 96%
BEA, 2000—2020 4454~ 1A JE 399 0 25+ R
AR N 0.30%, 1.73%., 0.64% Fi
1.64% , HAMBIE A3/, RS X 4 A H
FERCIAIE 2807 T Boh R i AE |
2.1.2 ZRRE

VS VG ALK A A 2R A ) AR Ak R R R A
KB B . 2000—2010 4, 7AF L4 T 438 5,
DAAE A= 285 FH Hb 18] AH 5% A6 R FRAE; 2010—2020 4,
ALY R R 2 (LU MR E), i

R4 2000—2020 FHEF R RIEARE Lt F ARBER %
Table 4 Dynamic rates of different land use types in the study area (2000—2020) %
+ Hi I FH 2SR 2000—2005 4F: 2005—2010 4F 2010—2015 4F 2015—2020 4F 2000—2020 4F

B -0.13 -0.71 -0.25 -0.20 -0.32
MM 0.02 -0.02 -0.06 0.06 0.00
oM -0.03 -0.05 -0.05 -0.74 -0.22
KR 0.19 -3.33 0.73 -0. 80 -0.81
AR HI 1.05 6. 66 1.50 4.09 4.08
R FH -2.22 -18.40 428. 90 12. 44 7.96

KFKEBEAR(PHRL) E57%H 2026 FE 9 H

109



B E, &/BERCER R E S ERNENN S BRI BN

(a) 2000—20054F

(b) 2005—20104%

(c)2010—20154%

(d) 2015—20204%

AR B
— 2 o A A T B A LA
N S A A A A A

B 3 2000—2020 &£

b3

B SR EL =65

Fig. 3  Spatial distribution of ecological land changes in Hutuo River Basin (2000—2020)

R AEZS b T AR AR IS b4 (LI 3) , B iR A (]
s B 1 b R FH 4540 19328 20 8 8 55 23 1) 43 A 47 T (AL
Kl 4), 2000—2020 4, #EHFE A A ok, H
H1950. 28 km*HE AL R a5 FH M, B LB S T AR
81.22%; 54 85.73 km® Ak, 273.25 km® B [z
0. 16 km’ KIRFE A et b, JL[R)HE sh dtie FH H Hp
ook, Bl X B AR S A M AR AR S A A, ©
XA 358 o i S i 1 7 A AN RS
2.2 ETXAMEESNMBRLEDR

A S T b 25 5 S5 W A e 58 Ak At I = By
fE: 2000—2010 4 ¥J{E M 1.83 [ 2 1.74; 2010—
2015 4EFFZE 1. 82; 2020 ik 1. 86, BRI 5]
ot RUAMEFY X A 2 e R A R B R S
Jil, 2000—2020 4FHH], Az 2 2% A oW i Ak
TEZS AR S AR B84k, e Tt sl X B/

110

P E XA IR IX, Fo 4™ i T H XA 2 ) = S
FbERRAE, BRI, AR L S B FE 5 i
P (5 e A v A L X PR GRS AR
FHR, XA [k R 1 S5 A S b 5k 2% D)
AHOG, AR 25 FH IR AS T 0 X A 285 FH it X 350 1l
SRay ], UM X Sk A R EE R (WL 5)
2010—2020 4%, 11X A= 35 b e fb S #Jmil, 5
TS 7 i DX 25 Pt i = A 25 P b T 3 114
AW G IR A - bR 278 LA A 25 bR
HAR 25 T HU B AL A8 B S b TR AR K, S e B
DX A 25 P S5 LA s A 2 ] 3 A 1) 285 PR ARRAE
2.3 REBEERETWK

2000—2020 4F, PR S R E 2 E T
Rfadh, P34 S5 R FE N 2000 41 0. 42 %A%
2020 4F 19 0.38, BRI A R G RGR

KFKEBER(PHRL) E57%H 2026 FFE 9 H



L o
[ K

[ aig s A

K =

B —

ARAUF L —

Al =

o[ ] ]

o
&
(|

]

2000 2005

B IE, B/BEENES RS ERER S ERIENN R ERT AR

|
| [ RN |
| |

I 1800
| |
O B S S |

2010 2015 2020

E 4 2000—2020 &g iRyt H AU REE
Fig. 4 Sankey diagram of land use changes in Hutuo River Basin (2000—2020)

b, B ArcGIS 35 % M0 5T, ¥ A 58 o 1) 4>
B5%(T.0~0.2, M: 0.2~0.4, M. 0.4~0.6,

IV: 0.6~0.8, V. 0.8~1), #iREH], 7& 2000 4F
—2020 AEHA], PETE T B A B T i R AR T A
%%, (HX—SF A2 T T e /b a B i 2s 4k
B RN T 221, 68 km? . AHXTTI S, AR
i VG i DR R T 9 X3k T AR
DSBS R RS, ik 3R B v ot o A= 5 IR
AR RIS A 2 T Ak (L 6) . %
WA R TR T RESH, LUV JAESEHre:
iS5 1 PAEBHARY KON B R E, 454G A
FHZEHRARAR A M ol 0, A 358 o e 45 2 1 el 15 FH b T AR
AW, o — A8 A L 5 5k 35 A5 S TR TB I
iiﬁﬁiiTVtﬁmﬁﬁ%m#ﬁ,mﬁTﬁ%
T A B i S T R

23 (VAR b, RS S (R 3 Tl 3t a1 1 A 5 o
DR 2 A T AR . P AR AP A, ax s
XIRR 2 H 102 T RS (W 7). 5ieH
Fe, VANV AR 55 i X A P AR X A v

KFKEBEAR(PHRL) E57%H 2026 FE 9 H

BB, PG DL R AT BB, bR R R b R
HA Y A R F2E R 2000—2020 4, IG5
XIS RpEy g, B RMmIF R m AN, A
BEeirAl, R Y A T3 T
Jo i AR B X D, X v T A S A T E Y
A BN, SRR T AR e e b B g, Hop
A MR AR B R REIC B, R AR S
PR ZISEm , 25 1, %28 [ AR b 35t i AR 5 e i)
DXk S PR AR, e R AR B A O X AR T
OCHE IR S A X R R e L 3 T Y e
ZLIR LA H
2.4 miEmEE

2000—2020 4%, JEICITIEAR A A T RS,
2000 4EAY 320. 23x 10°t [ % 2020 4EHY 313.81x10° ¢,
HHTE] 2% 4 4 MR YR Ry 2005 41 319. 74 x 10° ¢, 2010 4F
316. 84x10° t, 2015 4F 315.54x10° t, T ArcGIS J
F AR WT s A 0k, Tslie fit e iRl o Hi9 . 1T 4%
(0~19.35) . I 2%(19.35~44.32), M%%(44.32~
80.25) . IV % (80.25 ~ 117.40) ., V 2% (117.40 ~

111



B IE, S/BEReE S PEERERE R SERRE NN SR TRIEA T B

1

1

1

TH F/km?

174.65) . Sy Hras 228, 2000—2020 4EHATE], JETE
m

4000

2000

0000

8 000

6 000

4000

2000

(a) 20004

(c) 20154

E 5 2000—2020 & e imiE

Bl
£10.62~1.42
B 1.42~2.04
I 2.04~2.70

.0 70342
(d) 20204 1342460

SZARNHBERZES

Fig. 5 Spatial distribution of composite landscape fragmentation index in Hutuo River Basin (2000—2020)

—a—] o a1 vV <V

0‘0\.,/4//‘

1

2000

2005

2010 2015 2020
&

6 AREERESXAREN

Fig. 6 Changes in area of different habitat quality zones

T Sl i R R AR NIV 2, AR,

112

RNV G X I T AR S IR R, (P 1221k
FRIEAATERT 22 5, IR DX AR A o o R A
e, MV X BIARALEONRIZL, 52, 1
ORIV 9 DX T B A GRS RRE, R T B R A
s T I Il o AU 2 BRAS S A Ra  , AT
F, PRI B R S B TR A, T
HAEN . I, IVEIXIRA T AAZ e, ] A v fix
RE BB S (LA 8) .

S 3 ART VR Ik fitt i X 3 3 24y
ATEFI A L IX, R 28 B DB M R i Oy =
(WL 9) o IVl fitt i X IR 32 20 A 76 JEUFIAT 45
WX, AR = AR i i DX
B, EE AR RUERE X, IR I [E]
AW SN B, MR, B s
(9 T BRI L AL, TRF L Y [ B AE ) 22 v T
VI, X — A AR A R, AR T

KFKEBER(PHRL) E57%H 2026 FFE 9 H



(c) 20154

0 62.5 125 250
I m

B IE, S/BEReE S PEETREIRE R 54 RRE NN SR TREA T BT

(b) 201048

(d) 20204¢

v
v

7 2000—2020 FiFEARBERREEEESX

Fig. 7 Spatial distribution of composite landscape fragmentation index in Hutuo River Basin (2000—2020)

12 000
] o - vV <V
L S e——
T
8000 -
§ — . * * = *
=S
=
4000 |
2000 F /
—s 5 = m
O_
1 " 1 n 1 n 1 " L

2000 2005 2010 2015 2020
&

8 A REmMEESXER

Fig. 8 Area of different carbon storage zones
FE DA B SRS N 3, R EPIE 1 9 T Ak
B fidt it ) T RS

2.5 MXXESMN
AWFFEIHET 5 kmx5 km A% RIF T T H 5T

KFKEBEAR(PHRL) E57%H 2026 FE 9 H

i Bl 5 A A P b 25 SO0 R 1 48 B ] Y %
B, A X AR Y VIF 8 50UART L i B As i 22 ] )
ZEILANE, RN T 10, BLANENE S5 R AT S 0
FEHUE bR e, A BE i 5 R A48 B0 R ORI
AlCe 235124 0. 71 F1-11 816. 70, fEARMT & T
TR 1 R IR AT AL, R 0 iR
Ry DX 43 FEUe 5 TR AR S T 1 (B4 ( UL IR 10)

A 785 b5 XL B A o A 5 I 15k i o 1) R )
YIFEAE B 25 180 A, HI RO WAE R, 18
A B RS AR R | ST X L A% O DX 38U 8 A 56
P EAERIX, 5 5 B 5L s 1) JE] B B
TR A A 25 P iR A DX 3 S R A R,
WAL IR 2 R AR S R Ge 2 (M 25 A0 e e v, #5540
ifig, IAFECER R TR, TR 5 4R R
THARAE FH G 25 180 6 B 2 B oA [ 1 X R 3 1 Ik 3 ek
W X AR T A S S R A R
b A AR S T B — 2 s g, (HAEA S 32
S AESRG Y, BSR4

113



B IE, S/BEReE S PEERERE R SERRE NN SR TRIEA T B

(a) 20004

(c) 20154
EAlIN

0 62.5 125 250
I m

(d) 20204

|Ean
m
==y
LAY

B9 2000—2020 FiFiEAMEmFEEEREESX
Fig. 9  Zoning of carbon storage importance in Hutuo River Basin (2000—2020)

AR 2 R S, R R R e
FHAFBRAEIR ISHEA4T (A RGa T

TR B S 5 R )R A A A 3 X3
Ay, RSN E AR AY I O, (HAE R BR A  as
TEa) % J3 PR R 0 1 i) A0 DX 3l %) ik A e o A B R
A IE ) SO R B X A R T I X P R, VR i AR
TR URAS A, AR DX A7 T 3T B Tl X k5 i A B
O X B i k194 L T 80 e L DX 437 T T Sk i
XA, AMEX AL T I X PGICE:, SRR i X AT
BT SR
3 ¥ ®

RITH: 25 L WAl X A 25 R Gt IR 55 1 R 25 i)
B, S 2 i A A A 25 AU ) F B 5 R
B, ASBIFSY 8 3 % BT 2000—2020 4F 35 17] A 45 A
T it 5 o RLE B R AL B I, R T =%
MBS, XS H SR FE 20 4 8] i
BRI S R A e MRE" ) Xt

T A fE

114

JREERF TR S AN AL, ARBTFERE I A A FH A5 L4
PSS AE B B R VI, IR ARTE SR
BCE | AU A S I e A 5 A S B e A 2 ALY
KIS IR, M RHRALOITE S e TAE, [H]
I 5 AR B BEAT R 08T, R4S S BT XIS tis
O, DR B R Y B A X R IR AR B . (E
PHERAYR, FETHU WA A B RO (GTWR) Y
IR, AR A T B R A o R A 85 i R ik
fiff b AR MR AF T AR ZR PR AL, X —S51E S RETEZ R
] BAL R A AR 1 T I R WTSEIE RUEE BXT L,
PR AR 25 P R A 0 AR AR RON SR 8 T R DT YR 8
WA

VST VAL Al PR R ) M B, TR T
KB AR B JEAR R, AR 25 i
e B AT A 8 A 35 T i e 2 e 2 B S T
fit, ABLEHACIS A, e S R R
L RN U A% G 25 F 4 08 3 T R A
i, BZAJE DN T 00 ORI AE 2S5y

KFKEBER(PHRL) E57%H 2026 FFE 9 H



B IE, S/BEReE S PEETREIRE R 54 RRE NN SR TREA T BT

it W@'E W%%E
B T T
IR Bl
£9-0.15~-0.12 7-0.14~-0.09
B -0.12~-0.10 m -0.09~-0.06
tr B -0.10~-0.07 e mm-0.06~-0.05
01530 60 o mm -0.07~0.00 01530 60 == -(0.05~0.00
m——km 30.00~0.07 m———'km [0.00~0.05
(a) 452 BB A H R A ok A5 o Hk ) B 0 (b) L5 BOMBRALSR BN S5 4 1 B
o | o
S 3 | = = S 3
g H i i
| 3
; \
Bl Bl
[70.28~0.45 [70.25~0.44
mm (0.45~0.59  (0.44~0.56
. 0.59~0.69 mm(0.56~0.75
0 25 50 100 = 0.69~0.79 0 25 50 100 . (0.75~1.09
(c) A Ao 2 B R S 0 (d) A BT BRI R B A 5

10 GTWR B 4R
Fig. 10 Results of GTWR model analysis

B OIREN, T BUREER R ALE S X B
R AR SR IRANE e A 5 i EL AT S iR AR
1 K i A 558 TR T I - 18 B RE 7 i 58 B B0 () S o
P A A S T A S BV AT A B (L, iR AL SR
Wl SHES , A2 OIIRENI S 2 B
WA RGNS TEB AN T, BN A R KU
3 P BURR DX
BEXTIXSERFARAL , EIR BET UL 75 R O AL
M, AEPIETT A e+ XU P E] T R
ZEFACHESE , BEXTRCAR LR I R X, Wi A
AP LAL - BRI K -Z b X" =HrRIE R, &%
VR T SR et i R B i A AR S B 2y
DX &1 48 7 (19 23 ) SCHR LA, i 22 S Al DR SR i
PRSI AEAR AR SRR R RSP, S e o — R st
A X AR R B A AR 2SI, 3l i A SRR A s

KFKEBEAR(PHRL) E57%H 2026 FE 9 H

BREBEHRRE, JE T RUA S SR - iR iE -
L PSR SE RU RRR BER ] 1) OCBE E H  A
B4 B i T RE 9 5 A B 0 T R, MR
“ TR IE - AR R MR R, SRS ]
BRI B, AR T B B
B BT I A AT I X i A S B
SRS M BE B R TR, 38 e B B A A Jm S B A
SURER A RGNS, JF Bk A TR
I FRIRAP - RS AL B A AR 2 i
ST RN, RARI I g SO AR A R, M &
PRS- FORR T B IE ] S5 3, i
WX AR AP 5 28 00 R e ) — TR ar, R R A S
5555 DX B R 58 R AR AL T AR PR S
IRMIABEFEATIAF — 2 SR FRYE, T 15 SERE T Hh 58
¥ H—, O XEUCRIEA R, SPIEem sy

115



B E, &/BERCER R E S ERNENN S BRI BN

WHFE X BN R SR L A R 2% H
i -5 A 5 o X T e B A 4 i 17 AR T P 4
BRON [7] DX 3ol 5% WA Jey e M A A 28 0
JOBERNE LM i AR T2, AR A AR T X =S
[] JUE -5 [ B CRLIEE D SC AR o, AN [) JRUE ok S
FERTRERE S WA, MR R EAEARR X, R
JETT R 22 S 0] LU B T AR SE 38 4518 He=, P
AR R, PAN S AL A2 (AR IX
SRAEDP B A i ) W] SR G M R A 2 A R
LA SR I8 A 25 P e Al v A o P o AP AR IX Y 2
I A AT HESR LASG sim & v ez v, L, W5
JNEAFAE D23 8], SR A iy Bk 2 A [m] )1 465 75
(GTWR) M LA B2 45t fifp B Ak PR /A8 Sk e 7 i £
FRFRR A DRI T K ORG A0 G 50y 1k L B A
A St A R A8 FROAR Aty e RO S S S B s, g
JEARARTTE AR A E 5 1]

4 45 B

SR FTIETE T A A P R A S R AR B R
B 5SRO A E A ARFSE T 2000—2020 4E
T AR, QFr R S A SIS . THb
PSR B . 254 o WL R Ak 15 40 % TnVEST 45
B, 454 GTWR BRI A & &40 0, 7807 BIB K
“HE R AT - R - LR AT R SR R AL,
FELUT

(1) PS8 ] I I8 A A 285 T b e R 1 R e
T L DX BAEAE AR AS P 3 o AR A I, kst 4
b Ao It A B T S e i o AR R e, BT
AAS M 2R G S U RE s 21T 5 SR B, 2000—
2020 4EZFE B 1. 83 THE 1. 86, HH/RHFIT XA
25 S O AL AR B R LR IR, i A AT B AN
T, RMEREE TR R B B B sh ik, i b
A SRR | it 0 R IL T 0k
SR,

(2) T InVEST #8546 20 B i 7s, 2000—
2020 4% Y6 0T 9 S A BT R A A W MR,
0.42 FZ0.38, Hp VU EEREgsms 1 gkss
TR gk () SR AR Ak, 48 7 it B AR B T i AR AR B
ST (1 B R R = W R R o M T B - =i
320.23x10° t [ % 313.81x10°t, H I, 1. V&
e D3 T BRUAR AR EDIE T [ Rk B T i iRk, 7R
HE VAT TR Bl A 1 e S e e AR A

(3) PR TBIAT A 25 FH iR R Ak X A 85 R B
fifi it ISR A H 28 [0 2 S5 3 AR I s g v

116

If] S 080, BRARR R p AR S5 . A AAIE [ 5
B, A FH 5 5 554 Jm DR D 1) R DX sl S, O A
“RE-RAPT P&, WAL L X BESR o O AL
9Rgl, FETRARBURIX VA BR AT 43R S+ XL B
A" HES R AR SRR S ALE], BAHE,

5% 3Lk ( References) :

[1] SONG X P, HANSEN M C, STEHMAN S V, et al. Author
correction; Global land change from 1982 to 2016 [ J]. Nature,
2018, 563(7732) : E26.

[2] YANY Z, QI Z M, ZHANG Q. Cross-scale effects of habitat
fragmentation on local biodiversity and ecosystem multifunctionality in
a fragmented grassland landscape[ J]. Journal of Ecology, 2025, 113
(6): 1573-1584.

[3] Emafh, HEWE, HOOE, & ASHATR T RIEERAESR

G gs W 2 AR FRAE R 3RS S FSE ()], TR I, 2025,
48(8) : 1406-1420.
WANG J W, DONG G T, JIANG X H, et al. Spatiotemporal
evolution characteristics and driving forces of ecosystem services in the
Heihe River Basin under the context of ecological water conveyance
[J]. Arid Land Geography, 2025, 48(8) : 1406-1420.

[4] NASIM N K M, SHARMA A, POONIA M, et al. Assessment of
temporal dynamics of land use and landscape fragmentation in the
wardha river sub-basin and their potential implications for ecological
connectivity and habitat quality[ J]. Journal of the Indian Society of
Remote Sensing, 2025, 53(8) : 2465-2480.

[5] LID H, YANG Y X, XIA F, et al. Exploring the influences of
different processes of habitat fragmentation on ecosystem services[ J].
Landscape and Urban Planning, 2022, 227. 104544.

[6] #WiE, #7k4, iV2, 45, 1990—2017 AFWE i (SR 4241 X +

WA A X A2 3 Bk iy S [ )], Ok AR FRAE AR, 2018, 38
(6): 345-351.
HUANG X F, YANG Y J, WU Y, et al. Land use change and its
impact on habitat quality in karst nature reserve from 1990 to 2017
[J]. Bulletin of Soil and Water Conservation, 2018, 38(6): 345-
351.

[7] JIANG HX, CULZ, FANTS, et al. Impacts of land use change on
carbon storage in the Guangxi Beibu Gulf Economic Zone based on the
PLUS-InVEST model[ J]. Scientific Reports, 2025, 15 6468.

[8] TIAN C, ZHONG J, YOU Q H, et al. Land use modeling and habitat
quality assessment under climate scenarios; A case study of the
Poyang Lake basin[ J]. Ecological Indicators, 2025, 172 113292.

[9] 8KS, H8L, 57, 45, SSPs-RCPs BRI 5T JEIB I ik + Hb
AU B b S BTt i 28 A2 (1], FRBERkE, 2025, 46(12) @ 7947-
7957.

ZHANG X, WEI R, QI Q, et al. Spatial-temporal evolution of land

use and habitat quality in the hutuo river basin under typical SSPs-

KFKEBER(PHRL) E57%H 2026 FFE 9 H



[10]

[13]

[14]

[16]

[17]

[18]

IRFKEBBA (FEEL)

RCPs scenarios[ J]. Environmental Science, 2025, 46(12); 7947-
7957.

ZELA, AN, 2R, A5 PRI A A AN KO B R R R R
[J]. HeAsEdeik, 2024, 43(11) ; 3423-3432.

LIY M, ZHENG L Z, LI J, et al. Ecological water replenishment
effect in Hutuo River and driving factors [ J ]. Chinese Journal of
Ecology, 2024, 43(11) . 3423-3432.

PUJ, SHEN A R, LIU C X, et al. Impacts of ecological land
fragmentation on habitat quality in the Taihu Lake basin in Jiangsu
Province, China[J]. Ecological Indicators, 2024, 158 111611.
PENG J, ZHAO M Y, GUO X N, et al. Spatial-temporal dynamics
and associated driving forces of urban ecological land: A case study in
Shenzhen City, China[ J]. Habitat International, 2017, 60 81-90.
Y, SR, S, 5. 2 NSRS RS A X AL T AR
St XS B BT [ J]. BREEREE ) 2026, 47(1) : 600-613.
YANG Q H, QI Z X, ZHAO Y, et al. Analysis of the impact of
multi-scale landscape pattern changes on soil erosion risk in the
Beijiang River Basin[J]. Environmental Science, 2026, 47 (1):
600-613.

SRARAE, H0, XA m S D UL P Y B 2 S B 1
WEHERMIE[I]. BRI, 2025, 34(3) : 461-473.
ZHANG R F, XIAO M, LIU Z C. Spatio-temporal heterogeneity and

driving factors of landscape fragmentation in Beijing-Tianjin-Hebei

Region[ J]. Ecology and Environmental Sciences, 2025, 34 (3):
461-473.
LI J J, WANG J X, DU Y Z, et al. Assessing landscape

fragmentation and its driving factors in arid regions: A case study of
the Manas River, China[J]. Ecological Indicators, 2025, 171
113253.

FTLIE, ZEENIE , XK. WA DA A A TR IR 55 AU
BE R AT SRARAEL 1], AR, 2019, 39(21) : 7829-7839.
GAO J B, ZUO L Y, WANG H. The spatial trade-offs and
differentiation characteristics of ecosystem services in karst peak-
cluster depression[ J]. Acta Ecologica Sinica, 2019, 39(21) . 7829-
7839.
AHMADI MIRGHAED F, SOURI B. Effect of landscape
fragmentation on soil quality and ecosystem services in land use and
landform types[ J]. Environmental Earth Sciences, 2022, 81(12):
330.

dkdh, B, XAkER, 5. 3L PLUS-InVEST A 9 35 56 ik fifs
WA G EM)]. TR, 2025, 42(9) : 1715-1725.
ZHANG K, WU X P, LIU Y Q, et al. Spatiotemporal evolution and
prediction of carbon storage in Xinjiang using the PLUS-InVEST
model[ J]. Arid Zone Research, 2025, 42(9) . 1715-1725.
ZHEE, B, THI, §. 2T InVEST SRR 04T Rk
BRGERAEEI T [T]. B SRN IR, 2020, 36(7):
854-861.

LIJ P, XIA S X, YU X B, et al. Evaluation of carbon storage on

B57% 2026 FFE9H

B IE, &/BBRHES

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

MR EI R B S AR B N R AR BT

terrestrial ecosystem in Hebei Province based on InVEST model[ J ].
Journal of Ecology and Rural Environment, 2020, 36(7) . 854-861.
WS, AR, JRER, S FET PLUS Al InVEST 4658 i s iy
Bhf s B AR AEAF ST [ ], K B ORFRE 4, 2023, 43(3) .
338-3438.

ZHANG P, LILT, SUY J, et al. Spatial and temporal distribution
characteristics of carbon storage in Handan City based on PLUS and
InVEST models[ J].
43(3) ; 338-348.
WRE, SkESR, ZFFAL. BT PLUS-InVEST A58 (1 T HEsRs it
ALK )]. FRXEESHEE, 2023, 37(6) : 20-28.
GONG S X, ZHANG Y H, LI Y H. Spatio-temporal variation and

Bulletin of Soil and Water Conservation, 2023,

prediction of carbon storage in Beijing-Tianjin-Hebei Region:; A
PLUS-InVEST model approach[ J]. Journal of Arid Land Resources
and Environment, 2023, 37(6) : 20-28.

TREW, TS, T 5tHG. 2010s # [ il A= 25 2 G 8 e A0 4
[J]. "PEFEEERE, 2019, 4(1) : 86-92.

XU L, HE N P, YU G R. A dataset of carbon density in Chinese
terrestrial ecosystems (2010s) [ J]. China Scientific Data, 2019, 4
(1): 86-92.

XA, skedn, ERE, A AL AR SR R S SOUAR R I
ZEAR KLY ] PHAbMeE B, 2025, 40(2) : 236-250.
LIU SY, ZHANG A B, WANG HF, et al. Spatio-temporal evolution
and prediction of habitat quality and landscape pattern in the North
China Plain[ J]. Journal of Northwest Forestry University, 2025, 40
(2): 236-250.

W30, WD, HeT AR GRS BRI R] 56 2 BT b e
RAKIIRHI[I]. BRI, 2025, 46(12) : 7889-7907.

TIAN W T, DU Q J. Priority optimization region identification in
Hebei Province based on ecosystem service tradeoff synergies[]J].
Environmental Science, 2025, 46(12) ; 7889-7907.

HU J Y, ZHANG J X, LI Y Q. Exploring the spatial and temporal
driving mechanisms of landscape patterns on habitat quality in a city
undergoing rapid urbanization based on GTWR and MGWR ; The case
of Nanjing, China[J]. Ecological Indicators, 2022, 143, 109333.
MUKHOPADHYAY A, HATI J P, ACHARYYA R, et al. Global
trends in using the InVEST model suite and related research: A
systematic review|[ J]. Ecohydrology & Hydrobiology, 2025, 25(2) :
389-405.

JIAO J J, CHENG Y, HONG P H, et al. Impact of fragmentation on
carbon uptake in subtropical forest landscapes in Zhejiang Province,
China[ J]. Remote Sensing, 2024, 16(13); 2393.

T, B, JUHUE, AF. BT InVEST ASH7 (1) f S5 o 7 Sl e it ek
AEAE % R AR R IR RE[ T, 7K HARFEIFST, 2025, 32(3):
149-158.

WANG S, SHENG Y, FAN S H, et al. Response of carbon storage
changes to land use pattern in Kuye River Basin based on InVEST

model[ J]. Research of Soil and Water Conservation, 2025, 32(3):

117



B E, &/BERCER R E S ERNENN S BRI BN

[29]

[30]

[32]

118

149-158.

TET, WNE, R, F K= RAES RGN
55 Wb 2 ABAL AT AT [J]. R K B A2 B e 2 4 (R
W), 2024, 22(6): 590-600.

YU Hongyu, LIU Feng, WU Weiwei, et al. Yangtze River Delta
Integrated Demo Zone: Ecosystem service changes and trade-offs
analysis[ J ]. Journal of China Institute of Water Resources and
Hydropower Research, 2024, 22(6) . 590-600.

FAER, X, B TR, 55 IND7IR R A A 25 R G 55 LA
HOFRSERBITET]. KK AEEOAR (), 2025, 56(5) -
71-85.

WANG S M, LIU Z, GUAN Z L, et al. Study on the trade-offs and
synergistic relationships of typical ecosystem services in the
Youfanggou Watershed [ J ].
Engineering, 2025, 56(5) : 71-85.

R, Wz, 2T, & KILREUKAESER N R R R
HPIEBIIEL)]. RARRERTIE, 2025, 25(8): 71-78, 98.

LI Chunhui, GAO Ju, QUAN Yu, et al. Preliminary study on the

Water Resources and Hydropower

construction of evaluation index system for waterecological health of
the Yangtze River Basin [ ] ].
Research, 2025, 25(8) . 71-78, 98.

BT, Bl XIBESE, . UK RILK BT EE 5 XK
HOKBEAUATIEJ]. T EDK R KR RERTSE B2 4k (3 30)
2024, 22(2): 195-209.

Water Resources Development

[33]

[34]

[35]

[36]

[37]

LI Muzi, CHEN Xuekai, LIU Xiaobo, et al. Simulation method of
water quantity and quality in urban built-up areas based on landscape
pattern [ J ]. Journal of China Institute of Water Resources and
Hydropower Research, 2024, 22(2). 195-209.

ZHANG X, ZHANG X, CUI L, et al. Comprehensive ecosystem
service Changes and their drivers in the middle reaches of Jinsha River
[J]. Huan jing ke xue = Huanjing kexue, 2025, 46(3). 1585-
1596.

RIEB J T, BENNETT E M. Landscape structure as a mediator of
ecosystem service interactions [ J]. Landscape Ecology, 2020, 35
(12) . 2863-2880.

MITCHELL M G E, BENNETT E M, GONZALEZ A. Strong and
nonlinear effects of fragmentation on ecosystem service provision at
multiple scales[ J]. Environmental Research Letters, 2015, 10(9) .
094014.

LIU X X, YU D Y, LI X Y. Identifying ecological compensation
standard and influencing factors based on ecosystem service externality
[J]. Ecological Frontiers, 2025, 45(4) . 1029-1041.

DANG HE, DENG Y J, HAI'Y F, et al. Integrating geodetector and
GTWR to unveil spatiotemporal heterogeneity in China’ s agricultural
carbon emissions under the dual carbon goals[ J]. Agriculture, 2025,

15(12) : 1302.

(EEHmE T H%)

KFKEBER(PHRL) E57%H 2026 FFE 9 H



