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Multi—Scenario Prediction of Land Use Changes and Soil Erosion in Three
Gorges Reservoir Region Based on PLUS-InVEST Model
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(1.Chongging Key Laboratory of GIS Application, School of Geography and Tourism, Chongging Normal University, Chongqing
401331, China; 2.Sichuan Provincial Key Laboratory of Philosophy and Social Sciences for Monitoring and Evaluation of
Rural Land Utilization, School of History and Geography, Chengdu Normal University, Chengdu 611130, China;
3.Chongqing Institute of Green and Intelligent Technology, Chinese Academy of Sciences, Chongqing 400714, China
4.Chongqing River Affairs Center, Chongqing 401147, China)

Abstract: [ Objective ] As a critical ecological barrier in the upper reaches of the Yangtze River and a key national
region for soil erosion control, the Three Gorges Reservoir Region (TGRR) demands in-depth investigations into
the future spatiotemporal evolution characteristics of land use and soil erosion. Understanding these dynamics is

significant for optimizing land use planning and promoting sustainable management of soil and water resources.
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[Methods] Using multi-source data including natural, socio-economic, and remote sensing data from 2000 to
2020, the spatiotemporal evolution of land use and soil erosion in the TGRR was systematically analyzed. The
land use and soil erosion patterns in 2030 were simulated under three scenarios of natural development, ecological
protection, and urban construction. [ Results] 1) From 2000 to 2020, cropland and grassland areas in the TGRR
declined continuously, while forestland and construction land expanded significantly. The dominant land use
transformations involved mutual conversions among cropland, forestland, and grassland. 2) The average soil
erosion moduli in 2000, 2010, and 2020 were 34.76, 24.73, 20.70 t/Chm? -a) , respectively, indicating a
significant weakening trend. Cropland experienced the most severe erosion, followed by grassland and forestland.
Erosion intensity was mainly slight and mild, with a spatial distribution characterized by a regional pattern of
higher levels of erosion in the east and lower levels in the west. 3) By 2030, the land use patterns under the three
different scenarios show significant variations. Cropland is predicted to decrease, while construction land will
expand notably. Under the scenario of ecological protection, forestland increases most significantly. 4) By 2030,
soil erosion is expected to be further mitigated, particularly under the ecological protection scenario. Medium to
high-intensity erosion areas will transition to lower intensity levels, with a reduction in areas affected by severe and
stronger erosion. Cropland, forestland, and grassland will remain the primary land types subject to erosion.
Adopting a proactive, ecological protection-oriented development model with scientific land use planning is
essential for maintaining a dynamic balance between ecological protection and economic development.
[ Conclusion ]| This study provides critical insights into future land use and soil erosion trends in the TGRR,
offering a theoretical foundation for rational land use planning and the formulation of effective soil conservation
strategies. The findings also provide valuable insights for the coordinated management of water and soil resources
in the Yangtze River basin.

Keywords: Three Gorges Reservoir Region; land use change; soil erosion; InVEST model; PLUS model;

multi-scenario prediction
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Fig.7 Spatial pattern of land use in Three Gorges Reservoir Region in 2030 under multi-scenario prediction
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~ 2.0r-(b)
20204F .
BB 1
R ! |
S A .

AR (R R
R
[ Felediau
B R
s i
I AR E R
W R E

0 100 200 km
—

—_ =
S W

e
n

- a

TR R AR B/ (t-hm 22

-0.5F
,1'0_
! -1.54L
100 B M EHb Kik R KR
j:%%@imfr;@z/(t hm2 -al) ’ ﬁalm FHHb
O O P b K I I e, N R A AR R

—s— R EBRER —A— It R 5
E12 AEBETELHAALXBDLESHERMTESMERSTU

Fig.12 Soil erosion modulus and its net changes of each land use type under different scenarios

(b)
_ 1 >
2020%F :g
@ 1000 |-
azrets s | X sl
i
\Fg 0 1 | 1 /I\ 1
st [ ] = /
% =500 |-
SN — | "o}
10000 20000 30000 40000 50600 60600 T R g G T v .
LR T AR km? AR e A
I T [EE Meamzd I R —s— AR IERE R o AR ORIPE S A DB 5t

E13 FARESRTLEEMEZERILESHEERSEEL

Fig.13 Areas of soil erosion levels and net changes in soil erosion area under different scenarios

http. // stbexb.alljournal.com.cn



6

BB NG 45 3T PLUS-InVEST B A (1) = Ik 32 X+ i oF) A8 fb -5 + 5842 1l 218 5 i 115

303
31 WBERAENERAME

ABFFEMI T 5T PLUS Ml InVEST SDR £ %!
A8 B - 4R ol TN AE B2 9% 07 % R O R A+ Hb R
FH 8h A W00 55 42 ok il AR DT A, S TR IX B 4 HE AR
Pl AR SRR RGP, 5 R E L T BP M &
W 2 1) BIF 5% AH L, ROAE A A TR AR R S BB AR T A
TE 25 5 5 2R 7 35 Y48 7% =0k g X 4 B4R b D) Bl B
FVERBE hy 2 A BLRUARAE B B R AR AR EAS
PR SR 2B — B A A S R X — 45 R
Y5 AIE T A ) 5 75 78 22 W R S ) b i) — 2ot . 7R
PR B 2 T, AW 58 8B A8 5k i CLUE-S 45
AU TR0 A R ] 2 P . PLUS #2158
i 51K TR AL AR KA H Yk 4 B R | R i T
THE A b 3R 25 28 = R AR b i) 5K st BT B AR
TUHR R, A7 R B - Hi R T 0 B 2 38 AR R AE DT G
ER R LA R . X — S AR il T
N AL B R 5 Y - b R R A b B HE S R R A
Ab B G J M £ 1F T G - 1 R 4 ) RO 6 B
W IE NP . R AR KRR RS R IR
BRI AARBENE = AMERELEET A
] 2 R B AR T - M4 it i e o AL o o 5k e A Y
IR H AR K S S RY 2B S oA L, AR
T B S N 4 1A, BE A% T G M S e BSR4
SV RIRMABE R S 2 RN Z MWL E . B
SER T BEA0  H R R R R A S R
S, 38 T O Ak AT B e 5 A R SROUL A SR TG L RE AR AT
B AR AT DX R 4 3 4 il XURS: . PLUS-InVEST #52 £ 1y
I FHIE 52, 1% 05 2 e 0% A DX 3 R 1 = 45842 Dol 1900
AT A B2 B8 AT 200 47 R SCRF, vl 1R O X8 4 42 il
T A A ST E
32 A ATHIRE T A 58 E e R

2000—2020 4F = I J [X A [m] 4 b A1) 2 80 i) +
BRMmBERE ESEREE, X -AEEEETA
[Fi] =t 1) FH 288 750 0 5 110 22 S R LA it
AR AR . O A B 5 2 B A o i e ) A
BA TR AR 2R 90 4% [ 5 4 18 KA TR ) )2 AR B b R AR
Z FHALE] L BB 05 A A% + R phad B L AR ST 4G
SRR A b DX b AR DR R e L IX — T T 2
T B AR 16 ol 5 ok bl A 56 R BRAIC, I 55 K £ AR R
IaE 5 o3 — i, A0 BBV S sh Bl IR S A5 B
P, [ B 38 0 b 2 4% G B, AT o R4 i AR
FHEGZ T B DX Y - 145 ol AR B8R o A1, A
RS e B, FE TN T REARMY R R
W oA % B, AE T B I A% AF R [ A B8 ) A X

AR R A M R B A R A, (0
- 38 42 b A B A A2 ok T R D 4 A AR OK P, R
235 TR A A B A TR %k bk K e & S0 19 2 S ik
5 it 4 R DX IR B K 52 R B T B A R G
5 T AT A ) T VA A AR el XU

AT 5T K B, 2000—2020 4F = I JF X+ 48 12 1k
T 7 5 B Y A A Ay SRR AR L 3% IR R O RS
5 Pl S K o S T e e R R AR Y RS . X
— A5 Ak 55 [ ) A b ) A R AE 5 DDA DG, 2R
PR AE A H 55 bR R 22 a] % 0L 1) B g AR L BRI EE N
R b B AR SR R R PR R R W L, X
K A G AE T BB A IO 1 5 AT R0 R AIG A R
SR, Jay 3 DX S8l AT A7 76 AR 1l 336 1] 5 o0 B b i B 42
e ) s A R R X e, b R B RE I B 55, %
SRl JRURS: o J] o PR S 4 L b AR v i R b
oK AR L ek 2 4 ol TR L DX s K S AR 1
PSRN AT RE 5| A 0 4 o XU o 224 i 8 42 el AR
90 2 e = b R 2 A sk B e AR SR S T R
XU 5 M, I B — e o IR Y R R DA R .
B, AR ATRG R 2 ) b A BEALD , EE R A A
SRR, ST 58 3 1Y O W B R g, K R S
X 3l AT RF 2L & e i R AR
33 BRM

AW 5% 38 1 4 B PLUS Ml In'VEST SDR £ #4 ,
RGP AR A G = T =0 PR X A A Ak S
TR AR AL . WO B R BT A A
— 5 JRy PR o S B A R I R A £ 2 AR AR ) A8
(] 43 B SRS I 1T RE 52 ) A5 DA B [ B b O 28 5 IX
WA KR MR E SRR RE R R HA L
B PRI b . Ak, CMIP6 i 158 X 19 A B
T BT BE X A K A Bl 7 T 45 S P A R e . R
Sk W 5 AT Gk SR FH T R o0 B R R A b s
) 455 {E 7 vk R G 2 AR L a3 B B f 4 il
FHARZE R 51 &2 5 R £ 5= Ik sh L 5 ik
1 i — L R TR AE 5 4 SRR T R TN A g, Ol X
K A AR R il £ Ak R AT R 2k & R e S AL T fin mT
SERL 2 S
4 % e

1)2000—2020 4 , = Ik P [X. 4 Hi ) F 4% Jmy 2
A AL . B b R b T R R 5 4 R, K b R A 1
FHHL 5 20k, Rzt DI AR 2SR B SR ) R Rk
B e vt R R e it .+ A A ARG B B AL i AR
Shy A b 5 b B XL 4 B AR SR S
Mo T SR 2Z 1] sh A R

2) = JE IX. 4 B4R ol R R 12 55 i L 2000 4F |

http. // stbexb.alljournal.com.cn



116 KRR

%039 %

2010 4F | 2020 4 P ¥y 4 38 42 1k B8 85 43 il oy 34.76
24.73.20.70 t/(hm*-a) , #f Hu A7) 2y 3 ZAR ol b 25, AR
b R Ml AR kR R AR AR i A S D B R
F, A5 R 3T AR v AR, S R R 28 R e 3L
AR AT AR A% JRy B A S

3)2030 4F AN [R) & JR 1 57 T 4 1l 1) A Jm) £7 %
25 S AR b AR R e D | R b S R, A
AR 50T MO T AR IS K R o i . PLUS A
BERLORS BE &8 W (Kappa £ % 0.901 5, 1k K B
94.80%) , B UF A o £ Hbu A% Jmy T 1) T 5 A S AN TR
R JEFRAR T 1Y 3 ioh SO 4 Rt ROR SCHR

DTERAKAN T T, =W FE X 42 ol it — 2515
g, A SR ST A UCEROR ok B3 R R
o AR 2D v s A AR ok I A R B AL R A
B M AR5 R AT A SR M T SR M
A AR T ) 1 28 (R RLR , B2 P A A R S
BETF K, Jee S0 0 DX 3 T R R Ji 1) S B s A8
5% 30k

(1] faf ¥R, BTt , EHAB T A E, 2 . Gl BF 9] 37 3R 4 358 42 oh

B s R AE K S [T]. K O R 274, 2024, 38(5) :
10-19.
HE Y, CHENY C, EHAB T A, et al. Spatio-temporal
pattern and trend prediction of soil erosion in Kuye River
basin[J].Journal of Soil and Water Conservation, 2024,
38(5):10-19.

[2] LIN, ZHANG Y, WANG T W, et al. Have anthropo-
genic factors mitigated or intensified soil erosion over the
past three decades in south China?[J].Journal of Environ-
mental Management, 2022, 302:e114093.

[3] DE VENTEJ, POESEN J, VERSTRAETEN G, et al.
Predicting soil erosion and sediment yield at regional
scales: Where do we stand?[J].Earth-Science Reviews,
2013,127:16-29.

(4] B&W, 5i%%5, A= ,5 5EF ANN-CA R+ i

Iz DX EL dul A AR s g A T [T ] v [ K R AR AR
B ,2021,19(6):60-68.
ZHAO T T, MA Y X, SHI Y, et al. Prediction of soil
erosion evolution in counties in the loess hilly region
based on ANN-CA model[J].Science of Soil and Water
Conservation, 2021,19(6) :60-68.

[5] Z=WI4h . BT LSTM A6 B T A [ 7K f 12 15 i 2% 1F
TR Dl DLIT PG b s X [T ]L K PR R R
2023,43(4):162-169.

LI M W. Estimating soil erosion under different soil and
water conservation engineering measures using LSTM
model: A case study in northwest Liaoning Province[J].
Bulletin of Soil and Water Conservation, 2023, 43 (4) :

(6]

[7]

(8]

[9]

[11]

[12]

162-169.

DA CUNHA E R, SANTOS C A G, DA SILVA R
M, et al. Assessment of current and future land use/
cover changes in soil erosion in the Rio da Prata basin
(Brazil) [J]. Science of the Total Environment, 2022,
818:e151811.

SWTF K, A B, % FLUS-CSLE B8 3 il # +
e i S A A S A () i A AR A R R R I LT ] R
b T 2440, 2022, 38(24) : 83-92.

WU S F, ZHANG B, SHI X J, et al. Prediction of soil
erosion under different land uses in the typical watershed
of the Loess Plateau based on FLUS-CSLE model [J].
Transactions of the Chinese Society of Agricultural Engi-
neering, 2022, 38(24) :83-92.

LIANG X, GUAN Q F, CLARKE K C, et al. Under-
standing the drivers of sustainable land expansion using a
patch-generating land use simulation (PLUS) model: A
case study in Wuhan, China [J]. Computers, Environ-
ment and Urban Systems,2021,85:e101569.

ZHOU M M, DENG J S, LIN Y, et al. Identifying the
effects of land use change on sediment export: Integrat-
ing sediment source and sediment delivery in the Qian-
tang River basin, ChinalJ].Science of the Total Environ-
ment, 2019,686:38-49.

TG, E0AE, Mg, 45 BT InVEST # 8L fl PLUS
YR ER BN 75 AR A R G RRAf E [T]. BRI AL 27, 2023, 44
(6):3343-3352.

DING Y, WANG L Z, GUIF, et al. Ecosystem carbon
storage in Hangzhou Bay area based on InVEST and
PLUS models[J].Environmental Science, 2023, 44(6) :
3343-3352.

TEVRWL, BL B K% SF A InVEST-PLUS £ Y
F18 A AT A= 35 BT Sk 6 2 9 A8 K TR0 43 A (). 7K A= AR 4F
¥4 ,2023,37(1):123-132,

JIY F, IA L J, YANG L A, et al. Spatio-temporal
evolution and prediction analysis of habitat quality in
Yulin City coupled with InVEST-PLUS model[J].Jour-
nal of Soil and Water Conservation, 2023, 37 (1) :
123-132.

JHSESE B RN AF R T InVEST-PLUS #5811y
Bk 75 A8 7K IR IR SR A S e WO L. K AR AR AR,
2024,38(3):187-194.

ZHOU P P, LUO Y, SONG X Y, et al. Estimation and
prediction of water conservation capacity in Shaanxi Prov-
ince based on the InVEST-PLUS model [ J]. Journal of
Soil and Water Conservation, 2024 ,38(3):187-194.
RIETK, B A 185, 86 R, 45 =00k J28 DX [ TR AR F R bR
B AR Jay X 3 T K VB 7 5 e [T ] K e L e
2024,38(3):82-90.

SONG M X, LU X H, HAN C, et al. Impacts of rain-

http. // stbexb.alljournal.com.cn



5 6 3]

BIRARAE  JE T PLUS-INVEST #E84 ft) =ik A2 [X. 1y ] T A2 4k 5 1 3 4R ok 22 15 S5 30

117

[14]

[16]

[17]

[18]

[19]

fall characteristics and vegetation cover patterns on slope
runoff and sediment yields in the Three Gorges Reservoir
areal J].Journal of Soil and Water Conservation, 2024, 38
(3):82-90.

BPUNE, X 4, T8 e fd, 45 B T A bR TS Ak = e
DX CH AL Be ) b g8 42 il K B 50 [T]. K & R e 0F 5T,
2020,27(1):1-6.

HUANG K X, LIU Y, DONG X J, et al. Variation of
soil erosion in Hubei section of Three Gorges Reservoir
area based on land use change [J]. Research of Soil and
W ater Conservation, 2020,27(1) :1-6.

MRtb4s, oo, O, % 5 T CA-Markov B AL [
AR B A AR b TR Ko 23 6] BK 8 g Ay A [T ). e K A AR
Rk (h 330, 2025,23(1) : 222-232.

CHEN S J, HUANG Y Z, TAN D G, et al. Prediction
and spatial driving force analysis of soil erosion in Badong
County based on CA-Markov model[J].Science of Soil
and Water Conservation, 2025,23(1) :222-232.

MRIE VMG, £k, 4F . 3 F Stacking £ N2 2T 1 £ (2
LB EEE S AR NS e S P e s o R O SR g R = e = SR ]
[T] DK SRR RE 2 (R 300, 2023, 21(4) 1 100-112.
LIN N, PAN P, WANG B, et al. Soil erosion rate cal-
culation based on Stacking ensemble learning and leading
factor analysis: A case study of Fengjie County in the
Three Gorges Reservoir area [J]. Science of Soil and
Water Conservation, 2023,21(4):100-112.

Bl He X, 42 5 40, 4 =0k PR X 398 42 Dok R A B
F R TR | BN N o= A G = B = T
2021,57(5):631-638.

YANG K X, LIU Q, LI X H, et al. Analysis of soil ero-
sion and fractional vegetation cover change in the Three
Gorges Reservoir area[ J].Journal of Beijing Normal Uni-
versity (Natural Science),2021,57(5):631-638.

RN, 1 SC %, B WA, A e I DX LR e okt B2 Ak
7 K H T st ) AE A B A R R [T ] B AR PR AR AR
2018,33(4):588-599.

CHEN Y R, XIAO W F, TENG M J, et al. Grain size
effect of landscape pattern and its response to land use
change in the Three Gorges Reservoir area[J].Journal of
Natural Resources, 2018,33(4) :588-599.

T fE AN, B A B VA AL =0 X I M b T TR s ()
P85 MO CSLE R RIEE Ry s i [ 7] wp K £ AR 358
2F ORI ,2025,23(1) :40-50.

YANG J H, XIAO L, HUANG C X, et al. Spatial dif-
ference of terrain factors in the hinterland of Three
Gorges Reservoir area and its influence on the results of
CSLE model [J]. Science of Soil and Water Conserva-
tion, 2025, 23(1) : 40-50.

WISCHMEIER W H, SMITH D D. Predicting rainfall

erosion losses from cropland east of the rocky mountains

[21]

[23]

[24]

[26]

[28]

agricultural handbook [ M ]. Washington D. C. : Nol282,
U. S. Department of Agriculture, 1965.
FETT OB AR S e PR X A ] Dl KB
FELT] K PR FRE, 2010,8(3) - 8-12.
WU C G, ZENG Y, ZHOU Z X, et al. Soil erodibility
K value in Three Gorges Reservoir area [J]. Science of
Soil and Water Conservation,2010,8(3) :8-12.
X B, T, X IE A ik I X 4R ol R e
W2 BT GIS R 3l - i 2k Iy BRI AR 5 (1], B 48
9 FE 24,2009, 18(4) : 25-30.
LIU A X, WANG J, LIU Z J. Remote sensing quantita-
tive monitoring of soil erosion in Three Gorges Reservoir
area: A GIS/RUSLE-based research[ J].Journal of Natu-
ral Disasters, 2009, 18(4) : 25-30.
BREEE, TRSC, ke, 45 B USLE #2281 5 b R A5
KRG8 IDRIST SN /I 5 4 S 4 b A I 98 7] K -
PRFF24]R ,2000,14(2) :19-24.
CAIC F, DING S W, SHI Z H, et al. Study of apply-
ing USLE and geographical information system IDRISI
to predict soil erosion in small watershed [J].Journal of
Soil Water Conservation, 2000, 14(2):19-24.
DESMET P T J, GOVERS G. A GIS procedure for
automatically calculating the USLE LS factor on topo-
graphically complex landscape units [J]. Journal of Soil
and Water Conservation, 1996,51(5) :427-433.
TIAN L, TAO Y, FU W X, et al. Dynamic simulation
of land use/cover change and assessment of forest ecosys-
tem carbon storage under climate change scenarios in
Guangdong Province, China[J].Remote Sensing, 2022,
14(10) :e2330.
ke B 5L, 4, ZEREMA T SRR X 2 A
FHARAAT SR T ] M B 2740, 2016, 71(11): 1979-1997.
DENG H, SHAO J A, WANG J L, et al. Land use
driving forces and its future scenario simulation in the
Three Gorges Reservoir area using CLUE-S model [J].
Acta Geographica Sinica, 2016,71(11):1979-1997.
RS RO W SF b T M R R R e T
CMIP6 H1 (52 1 J) 43 Bt B CMIPT AR SL [T ]. o BRFB 2
J&,2025,40(2):155-168.
LICH, LIANG W J, HU H, et al. Influence analysis of
Chinese earth and climate system model in CMIP6 and
overview of CMIP7[J].Advances in Earth Science, 2025,
40(2):155-168.
Xt R B T BP 8 6 26 11 = 0ok g IX - 3 2 ol o
JEREULT]. AR BT IR 241, 2018, 33(4) :669-683.
LIU T, SHAO J A. Simulation of soil erosion intensity
in the Three Gorges Reservoir area using BP neural net-
work [J]. Journal of Natural Resources, 2018, 33 (4) :
669-683.

(T 4% 126 1)

http. // stbexb.alljournal.com.cn



