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Abstract

To clarify the characteristics of land use changes in the Xiang River Basin and quantify the impact of
different development paths on regional land use structure, this study is based on six periods of land
use data from the Xiang River Basin in 2000, 2005, 2010, 2015, 2020, and 2023. By integrating meth-
ods such as the gravity center migration model, land use transfer matrix, and PLUS model, the tem-
poral and spatial evolution characteristics of land use in the basin were systematically analyzed.
Three scenarios—natural development, urban development, and ecological protection—were estab-
lished to simulate and predict the land use pattern in 2035. The results show: (1) From 2000 to 2023,
cropland in the Xiang River Basin decreased by 1748.47 km?, construction land increased by 1666.08
km?, forest land remained relatively stable, and grassland area continued to decline. Spatially, the
center of cropland moved north, the center of forest land shifted southwest, and the center of con-
struction land first moved northeast and then south, reflecting that the focus of development has
shifted from downstream to mid-upper reaches. The land use transfer matrix indicates that cropland
has mainly been converted into construction land. (2) By 2035, under all three scenarios, construction
land continues to expand, and cropland continues to decrease, with urban development showing the
highest intensity of construction land expansion, while ecological protection best preserves ecological
land and effectively alleviates the compression of ecological space. This study enriches the application
paradigm of land use change simulation at the watershed scale and provides a scientific basis for op-
timizing territorial space and promoting high-quality development in the Xiang River Basin.

Keywords

Xiang River Basin, Land Use, PLUS Model, Scenario Simulation

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

TR R AN R A AR TR, XTI R BT S), N SEAEZ AR K St as
G SRARILFIIRB), PR ZIFZA A DX A () 440 5 SR C B R, 0 R A = A S 01 5 R Rk R R
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Figure 1. The Xiang River Basin in Hunan Province
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TR A S Sl AR BN AS AR S S AR [E SRR SR 12306 B I R AT 1D 4 L B 26 471 2 Bf 3R A A
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KRR AR RS —F] GCS_WGS_1984, RHFLALKR R4 — N WGS_1984 UTM_Zone 49N,

Table 1. Data types and sources

= 1. BIEXBLKIR

" W 30 KA AR AR B L M 25 HHE 5[ 17] (Annual China
AR Land Cover Dataset, CLCD)
ﬂﬁfi [Eﬂ %I*E %ﬁ%ﬁﬁ ﬂﬁfi [‘ﬂ iﬂli‘EzJF‘*
g TH S R
A — AR e %L % E RS MODI13A3 $ifi4E
2 H B KR ] 5% 5 ek e S R 2 A T
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7 HAREAE P E R R R e = R 5 Y
W A AT X R R A EF G EAERS S
AT X R H
BUF I POT iR i E L E R &
T8 B R AR HRE 1993~2020 3 3= 38 38 B4 [ 16]
2 Vit B gk R i E L E R &
S R R i E L E R &
N 2 B A B s Fp [ k2 B YR A B AR A
- Eg
BT e B dfE 2000~2023 £F “NPP-VIIRS” B[HT e HuHfa( 18]
3. ARFF*
3.1. EEBER

HOIE AR 19] R LAH] T4 8 % 2K s i) 23 [ AR B 00, AN RIS R) RUBE b LA o a B AR AL
TR BETH W R AL MR AR T L. B O AR AT B A O
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TR R AR R A 2 T SRR R I T A X st R AR 2 TR, R T
o L A R 2 2 B2 0 W AN [ g 390 - 2t R P SR R PR e e e 2, AT 7s H 3tR FH SE R E  An
HI7 10 LRSS AL %07 IR RN U WU R I B A 25 IR SR BB AR e th 2 vl
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3.3. PLUS &

PLUS #A12 i K% Liang [6]%55: T CHHiEFF R M) LR AR B, AR5 T —
FhE T 5K 5> M7 5 (Land Expansion Analysis Strategy, LEAS) AR 24 HE 4L A1 3 T 2 2R AU RH L BT
HobpF ) CA #574[6] (CA based on Multiple Random Seeds, CARS), A% T HAtAA, PLUS A n] PAFK
FRRERETE ., AR PR SR AR 0 bR ) A O S5 5, ReRS iS4 b Rk A SR KB R 2R, A
PO LE I ) A )

4. GERMGTH
4.1. THF R A ES R HHE

4.1.1. BELEHTK

HFIFH ArcGIS 10.8 B E 732K TH, XIS KA TGert, 15308 Lothob) F 228 AR S H i e
TEOL(E 2). FHEE 2 WT%0, 2000 445 2023 48], WHYTIAIE L HOR) P 25/ AR A0 0 3 . PRORIBH U6 28 i
TR bR 282, HLTHR & LG AR FRTE 67.24%H1 24.75% LA b0 b, PRI SRR N F
G, (HHIRAAE 67.44% 1 Fial, BRI 2R N B, HinfiM 2000 41 23271.27 km? [ 5
2023 4E) 21522.80 km?, 23 4E[ANFE/D 1748.47 km?. HEHIIERIH NI RS = K oA 28R, (EX
MARFESE TR, H T 2015 FR i . DA, IRVERIR A AR I, s
AR, B 2000 £ 1417.11 km? 3 0% 2023 4£1¢) 3083.19 km?, ZitHK 1666.08 km?, HHFH
N 1.63% 3 2 3.55%.

Table 2. Area and proportion of different land use types in the Xiang River Basin, 2000~2023
3 2. WL 2000~2023 FAN[E i F) A KB AR K L)

FEy Hhith prS: il K3k R F FH Hb B
TH AR /km? 23271.27 58473.25 2358.01 1381.57 55.18 1417.11
2000 4
& Eb/% 26.76 67.24 2.71 1.60 0.06 1.63
T A /km? 22960.65 58535.16 2357.98 1408.29 46.50 1647.82
2005 4F
& /% 26.40 67.32 2.71 1.62 0.05 1.90
T A /km? 22333.98 58774.89 2197.46 1462.54 82.76 2104.77
2010 4F
5 /% 25.68 67.59 2.53 1.68 0.10 242
TR /km? 21987.24 58710.05 2173.70 1499.72 82.67 2503.01
2015 4F
5 /% 25.29 67.51 2.50 1.72 0.1 2.88
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THI R /km? 21793.52 58657.12 2133.89 1396.31 79.31 2896.24
2020 4F
& B /% 25.06 67.46 245 1.61 0.09 333
T AR /km? 21522.80 58701.38 2117.73 1438.84 92.46 3083.19
2023 4F
& k% 24.75 67.51 2.44 1.65 0.10 3.55

4.1.2. FEEHTHL

BT EOITBAER, JHHTTRIE 2000~2023 45+ HUF 28 OB HIE . BE 5 K 7 [ b7 Al
WAL AT, CAIBZSBIE T2 3 P L IR - R FH 23 (R 25 A AR AR E . 42 3 Gt 1 ELO IR R B AL A
FE, B2 WS T TR 2000~2023 4% RO 2R BN B OGRS TR . ZEA TR AL, TERFALEAN,
WL R L b R R E OB AR E R . BRI S, Pt E OBk 2 IS T 1
P, IR EARRTEUN, (HPE SRR, HITFEEE N 2000~2005 11 0.50 km B HINZE 2010~2015
M 1.02km, BEJGAE 2015~2020 4E FBEE 0.16 km, 1M 2020~2023 £ X [A]FF 4 1.21 kmo ARHEE 025 [H] A7
BRONRE, S BOEBEE SR 0.85km, AT TR FRIUAFRL MR T RZEERE. Fib
HOTE 2005~2010 -8 R AR —RECKIE S PR IL TR, HARMBOTBIE /N T 1 km, = EAEE
NFE . MERT HARMZE, KIS AR AN ECIER TR NE S, ez —8tbam. @ HE O
£ 2000~2020 “F[AI R IR EE F AR L 77 FiE#, HOTR PR B 23 g MEaS, 1AL 2020~2023 0% A W
PR, RARAGREAEHE— 0 IR T IRV 150 FH i v T ke DX Aalode 7 b a0 1 DX [ o b % B (7
XA 1 2 Rl AR A

Table 3. Migration distance and direction of the centroid of different land use types in the Xiang River Basin from 2000 to
2023

5% 3.2000~2023 FEHGTRIBAR LRI R R E IR ES LTS M

P[] B Hrth P Eijth K3 KR @R
2000~2005 4 0.50 0.23 0.06 1.49 6.78 7.52
2005~2010 4 0.54 0.73 4.47 1.23 2.34 6.19
IEFE PR B/km 2010~2015 4F 1.02 0.83 0.56 1.86 0.16 5.58
2015~2020 4 0.16 0.22 0.24 3.06 7.74 1.59
2020~2023 4F 121 0.46 0.49 3.04 12.45 0.13
2000~2005 4 147.09 282.59 58.01 248.61 252.55 69.82
2005~2010 4F 87.38 259.56 146.28 247.71 77.71 64.32
bSi: YraCiTe 2010~2015 4 31.39 232.57 59.95 86.19 84.41 69.64
2015~2020 4 25.95 227.73 178.77 282.44 104.63 63.22
2020~2023 4 100.82 272.05 94.99 260.13 276.37 284.45
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Figure 2. Migration map of the centroid of land use types in the Xiang River Basin from 2000 to 2023
[ 2. 2000~2023 SIS T F| A 2B E LT B E

4.1.3. MuFI AEEBIHE

LA 4 FE 3 HTAL, 2000~2023 4F, BFHE B E R R, SEot 2819.99 km? BB A bR,
R H AR B 69.01%, 5A 1019.29 km? FURF LA g A, &7 EEoR 24.94%, ) HoAth R A 2
TURERS (PR AR BN e TR NTT T, B i) 32 B2 DCRIGD MR,  THIAA 2174.74 km?, T A 25
X R IR N TTRRI AR I 95 km?, X —H% K T3 NS 345 800 703 A B e AR R S8 . Mt
WL 2 2 s R IR, ORI AR e, BRET AL N AL, R ) — S BRI Bk, N
FAZ) 425.83 km?. G AR SR F B U7 ), Hp sk FZOoRIE T HE AR . o, By
W2 1019.29 km?, (5@ ML NTIART 59.56%, HOCMHL, 562 37.09%.

Table 4. 2000~2023 land use transfer matrix in the Xiang River Basin (unit: km?)
= 4.2000~2023 TR T FIBEE R (BAL: km?)

F 27 Hith Wit i Kk ARF b R
Bt 19184.88 2819.96 63.43 146.10 37.62 1019.29
Wit 2174.74 55430.59 197.18 29.99 6.03 634.71
B 54.19 425.83 1854.24 2.67 2.59 18.50
K3 96.10 20.11 1.69 1218.38 7.04 38.25

ARFFH Hh 7.56 4.10 1.07 3.04 38.92 0.49

R I HY 5.33 0.80 0.11 38.66 0.27 1371.95

£ EPTA, 2000~2023 AR 1M FH A2 A0 DL S H AT i I I A8 2 BERRAE, R H W
(R T A BN T ) R AR R o 3 OX — IR A R R PRI T N LA R R B R
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Figure 3. Sankey diagram of land use type changes in the Xiang River Basin from 2000 to 2023

& 3. 2000~2023 RISt FI AL BT A

4.2. PLUS Z&SHIG E R BB LEIE
4.2.1. IREIE TR EROE IR ELE

S RRICHR20] [21], ZE TR R, AT A AR LIRS A 7 HR bR A R (6 5)-
SE3Z 8 AP i DR AT N 4N 1IN o 3 0 R NI S 5 717/ = AN SR 1 N = R Y - ¥ B o O e
KM 8 MBS, MU TEE NOER. BT EPI RS, XA P 5 E A5 U i B
BS. PR TIEPE Y. BERREE S SRR B RO O LR 4 NERR . & IRBI R TS B G T KN g —

H30m x 30 m, HEAKEZRS A WGS_1984 UTM Zone 49N.

Table 5. Indicator system of driving factors for land use change in the Xiang River Basin

5. MDmiE it A A IR E T e AR R &
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e 7S
11 3 J&
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SRIES
INEET NFETFT ok
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BIFT o8
BT HEHLBE B TH
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X 22
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4.2.2. THFIAEZRER S

FHHAVT IR 2000 4 H1 2020 4 9 39 10 R FH £ 88 % N\ PLUS #24¢ Extract Land Expansion f&5, &4
TG B L R RS, R0 L R AR AR AR S R T AL B, BRI AR R SR A A, R kR A
Pk 23 1) A7 Je RS IR BiE S5 A\ PLUS #i%Y LEAS #7404 . BERCRAER W E N 0.01, BEHLAR
MR A [ T B B BN 20, R ERGLE N 14, FFATIHHERERIE N 10, HEBIZARRK R
N5 e 2 K ok o7 ) 450 77 MR 3% %% (Root Mean Square Error, RMSE). RMSE 45 £ 5 7~, B, A, #ih, /K
I, A FH R R A FH 3t P 40 7 MR A 25 49 51N 0.1558 0.0556+ 0.0501. 0.0168. 0.0892 & 0.1068, RMSE
E/NT 0.2, 1 B BRI )RR B

4.2.3. SUINE

AN R 1l R b R FH 2 2 (Al R PR R U R IS4, HEUEYERED 0 B 1, ARBGEE
K, RWIZ R F SR AN TS Sy n) FoAth R B 2R A e 6 . B U R THIRIVL IR I 2000 4R AT 2020 4
PRI R A, TS R R B AR i, R R R ZE AR A SR AR . YD LA
B2 MR R AR E A, RIUKIEIAEAE N 0. HSEBRIE G AT A R FH 2 1 S i
MER YA TTREN 0, 45 EHEAE FZAEAE 1T Re 5 B AR B . (RIk, B FCAERT D T 5 45 R (1 2R A b 404k
BCEEAT T 250, @ WA LR AR ES S, ST LB S 5, BA0miEh
PLA RIS B A RN . 4 EIR SRR 52 (0 e AT A EAE W22 6 P

Table 6. Neighborhood weight values of land use types in the Xiang River Basin
F 6. WL LR A X BRI EE

R R Bt it Hiih KIS AR @it

ARIRAL T H 0.981 0.116 0.143 0.05 0.106 1

4.2.4. 2023 F 30 F A B URIGE R R AR B ELRIE
LA 2000 45 2020 4TS - 30M P s w2 0800, DA 2023 4R sibr R SR R BB B i
REDR, BN REMREEL., SENEESH, CERRERBME ST K AT PR RE R
A RCHT RS SR R L, R e AR SRS R T, AT FT IR B 0.5 75K AR BUEACRA AL ™ A
FIERAIRE S, ABEFTHL 0.1, HRZEITIZ4T PLUS BILAG 2 2023 4F Lt IR0 45 R
NYAERBHUREE , AHT TR AT Kappa 580206 U285 SR -15 S B - 1R AR 0 AR 223 18] — Bkt AT Ak
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Kappa ZEHUETEEA 0~1, Kappa REUEMIEIT 1, RIS R 5 Ll R A i, F
BERLRE PRk . 205, WYL 2023 4 LR FBEAULI Sk o S8 2 0.943,  EIBERLE 15 0T 5
MZ I 94.3%, Kappa %05 0.882, Kappa REm T 0.75, ARG 5 52 br R FH 6 5 78 2% 4]
oA b B — B

4.3.2035 FEERTIF HER

43.1. ZERIHFARIUERZE

TR IR 52 2 IR AR, KA R B A R e AHIE TE 3L 2 ik 4 3R T S,
S M E NREURF K GHIR 8 B 22 LA R(2021~2035 4R)) , SFXIHEBCE BIRA R IBIK
Je AR =RES, DRGIRAAF R T IIARR ORI 2 E R R A2

H IR JR i B U A R FH SRR IR R R AR A L Bt e s [R] 3o AR e 4 5 T S B DR A5 — B
SRERUR JEE A SEAE DR B A L3R SR AL (R A ER AR TS F s RO RO Bt Akt =3, oK
Sl B AR FH M B R 8 — T 1 20%, [FIREAF b . bRt B o VT O RE R R E _E 30%.
AR ORI SR AR . R ) A B P M PR AR G — TR 20%, Bt e i 1 F O A RE 2 R I 30%,
FRA 1) VI AR DR T 8 40%, K31 B i PR e (R 5 5 30%, A T 3t i) B P B ) 4
R LR 40%, BUUAS RIS S T KRR AR RAe . 2T, AR B PLUS BAFH
B /R AT REERLH (Markov Chain), Gtvt & i 3] R FI S8 B ) (45 e e A 2R 5 e ), Al &% st
IR SRR S, 2453 2035 SRR 5 F % SR SRR G C R R (R 7).

Table 7. Forecast of land use demand in the Xiang River Basin under multiple scenarios in 2035

52 7.2035 E L IERMIRE R B &SR TN R

+- R A W pIS:l) B K, AF FA Hh A Hh
2023 F52pR 23914219 65,223,755 2,353,032 1,598,713 102,731 3,425,763
2035 SEHAR KR RIE 5 23,007,248 65,159,308 2,295,679 1,789,911 129,424 4,236,643

2035 SEYHE K BIE S 22,862,644 65,066,715 2,291,803 1,781,900 128,993 4,486,158

2035 FAB R = 23,151,174 65,232,402 2,298,750 1,805,112 129,858 4,000,902
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Table 8. Area of different land use types in the Xiang River basin under various scenarios in 2035 (unit: km?)

3% 8.2035 FARIER FHLRE & Lt F A LB ERR(EAL: km?)

5% Hith Pt Hith K3 A F i B
HARR 1 5t 20706.52 58643.38 2066.11 1610.92 116.48 3812.98
WK SR R 20576.38 58560.04 2062.62 1603.71 116.09 4037.54
AR R 20836.06 58709.16 2139.52 1578.36 92.48 3600.81
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Figure 4. Simulation of land use spatial pattern in the Xiang River Basin under the natural development scenario in 2035
compared with actual situation in 2023
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Figure 5. Simulation of land use spatial patterns in the Xiang River Basin under urban development scenarios in 2035 com-
pared with actual 2023
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Figure 6. Simulation of land use spatial pattern in the Xiang River Basin under the 2035 ecological protection scenario com-
pared with actual 2023
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