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Driving influence mechanism of spatiotemporal evolution of land use and
multi-scenario simulation in Changsha City based on the PLUS model
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Abstract: [Objective] By analyzing the quantitative changes in land use types, identifying driving mechanisms, and examining
land cover transition patterns along with spatial proximity relationships in Changsha from 2000 to 2020, this study aims to reveal the
underlying trends of land-use transformation in the city. [Method] Using a PLUS model-based mask extraction approach on raster
datasets, this study examined the correlations and underlying mechanisms of various driving factors influencing land use change patterns
in Changsha from 2000 to 2020. The land-use expansion module employs adaptive relationships to simulate spatial evolution, enabling

analysis of dynamic processes within the study area. Based on the land-use spatiotemporal change data of Changsha from 2000 to 2020,
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a linear regression model was fitted to investigate the temporal and quantitative relationships among different land use types. The optimal
fitting line was obtained by minimizing the sum of squared residuals between observed values and model predictions. The 12 selected
driving factors were normalized to generate raster spatial distribution maps, contribution rates, and root mean square errors. Using the
random forest algorithm, development probabilities for various land types were calculated. Based on three research objectives-natural
development, ecological benefit maximization, and urban economic growth-three future scenarios (natural development, ecological
conservation, and urban expansion) were established to simulate future land changes. [Result] Changes in land use categories showed
a high correlation with time sequences, with linear regression coefficients averaging over 0.85. The main driving factors and their
contributions vary among different land categories. The expansion area of urban land was mainly affected by elevation. The contribution
rate of elevation reached 0.16 during the period from 2000 to 2010, and the RMSE value was 0.23. During the period from 2010 to 2020,
the contribution rate of elevation decreased to 0.15, and the RMSE value was 0.24. Future land use simulations under the ND (Natural
development), EP (Ecological protection), and US (Urban spread) scenarios predict urban expansion areas of 145.22 km’, 46.93 km’,
and 317.64 km’, respectively, highlighting the significant role of government policies and measures in influencing the spatiotemporal
evolution of urban land use. [ Conclusion] From 2000 to 2010, urban expansion demonstrated a steady growth trend in both scale and
duration, while the decline rates of arable land and forest land accelerated during the same period. From 2010 to 2020, the expansion
rate of construction land slowed down and stabilized, effectively mitigating the reduction trends of ecological lands such as arable land
and forest land. In the influence mechanism, elevation is the primary factor; during this period, number of soil types exhibited the lowest
impact intensity. The temporal variation patterns of these driving factors align closely with Changsha’s actual development trajectory:
extensive and rapid urban expansion from 2000 to 2010, followed by controlled expansion scale and slower growth rates from 2010
to 2020.

Keywords: land use; PLUS model; linear regression model; driving factors; Changsha City
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Fig. 1 Geographical location of Changsha
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Table 1 Data classification and sources

F 25 Main data categories Hdi Data 7 HEF Resolution /m SKJE Source
LA 30 S
Natural environment data in/a“%ﬂ(i 30
FfE 30 HO B2 7 L MO0 2
I s 30 (http://www.gscloud.cn)
AR A€ GDP 1000 E Z Rk R RS b
Socioeconomic data yN=k::3ics 1000 Chttp://www.geodata.cn)
BF KIS B 30
J— FRBURTSE L 30 ——
A2 B R e
Transportation network data B O BB 30 (Chttps://www.openstreetmap.org)
iR SR 3 ) 30
PR = R B RS 30
1.3 #MRFE s 40 2 1) A
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SRR FETE 5 (Natural development scenario, ND)
AP F 5 (Ecological protection scenario, EP)
53 5k 5t (Urban spread scenario, US) 3 Ff
BT 5t (R2) o T 2000—2010 4. 2010—

2020 FFEA YD 1 A 3t A ST 4 6] 5 e R RFALE
KGR S H, 58 AR 2030 4 DX E 1R FH AR Ak 11
EZr v ESTMIP

®2 ARLMHBAREIFRT Markov REHSHALIE

Table 2 Parameter processing of the Markov model under different scenarios of future land use

SHE

Parameter settings

FeR A

Transition matrix

BT

Driving factors

P2
Land use type

H AR R 15 5t Natural
development scenario (ND)
A AR E 5 Ecological

protection scenario (EP)

W9 5K 5% Urban spread
scenario (US)

AN FE A M ST B A4 ) B AR 26
AN FEBURT RITTT 37 38 A S B A R 31
HEARARAA . AR LS F R
X ARG ARHb AN, PR 20

PR 1 B 2z b Al AT T A4

AR WL ANO. EEKEEE A
ERBSORFYEIIBREY . B M H a4
AR R NI BEAKIREE RS
ERESORFSEIIERE . e M H a4
AR WL ANOL KRS
BRSO YEIER T B I Hdie 4

Lii2: N ST NS N/ ST
R ARA
Li2: N SZ NS N/ S E
M ARF
B Mt B, 7Kk,
B, ARA

2 HZRED

2.1  2000—2020 EF LRI E LT

HAC YD T R S ST & (R 3) , 2000—
2020 4F, HEHLAUMR YD T B, T
43— E AR RFAE 28.00% 1 60.00% LA F5 HHE,
IKIBFIARF RO TIRR AL, A7 EEIAS 2 3.00%. 2
Ve FH T AR I, pl e 1) S L X AN I G B
(B 2) 5 AH A H AN KIS ARG — 2 R R 3 s
FFH L AR R R b P TR AR IS A [F) R BE AR 98D

B 2% 3 0] A1, 20 4F ], B Hboim AR g > T
358.79 km’, 5 ELIE /D T 3.03%, HiHH 2010—2020
IR IO ML R D 261.05 km®, /5 EL 2>
T 2.20%; E AR A FI F Hb AR AR X R, HLAE
I BN, ANECNRRE s KR
AW, BT 4.97 ks B8 M AR B 0 A%
NEHE, BAnT 616.12 km®, (HHHIN T 5.21%.
2000—2020 4, Kb i 15 Hb el o i A ) DY
JE R SRR Y5k, 5 E0E & B RS & R AR
ASH ML, FFHh PR R R b 5 T AN AN W7 45 /s HL 1)
R RS W A A o

#3 THFAERESEEER

Table 3 Land use area and proportion

2000 4 2000 year

2010 4£ 2010 year 2020 4 2020 year

> 1
iﬁﬁffﬁ i it A itk i itk
Area /km Proportion /% Area /km Proportion /% Area /km Proportion /%
#hHh Arable land 3738.97 31.63 3650.81 30.88 3380.18 28.60
MR Forest land 7379.36 62.42 726431 61.45 711831 60.22
HiHh Grassland 143.14 1.22 142.18 1.20 138.05 1.17
7K3k Water bodies 247.83 2.10 249.39 2.11 252.80 2.14
1% I H Built-up areas 308.64 2.61 509.37 431 924.76 7.82
AHI I Unused land 2.74 0.02 5.70 0.05 6.45 0.05
St Total 11 820.68 100.00 11 821.76 100.00 1 1820.55 100.00

2.2 2000—2020 FE AR BIEEZ T

L 2000—2010 4. 2010—2020 FEHIFEFE S
Bl R S TR % # RAR, 753 BN B N B AL R
BRIV (1.00%) « i (0.05%)
b (0.03%) « Mkt (0.02%) . K (0.01%)
KA 0.007%) o 2 ERAT LUK

1) 2000—2010 4 Hi[], % H i A1 EE ] A K
() B, B RN 12.25%, E B i
I B Ry @ v I B AT AR b, 7 B2 R 6.17%
F5.16%; B Hb UMK ML ) 5% H 255 30 10.21% A
5.09%, 0 HoAth bR FH SRR 3G B i gy, o

ANV FH L LB B 225 S v b RT K 3
HREN, 73BN 2.68% Al 3.75%; o I Hs AH
XRRE, MREEARYEREAAR

2) 2010—2020 “F31E], & LR 2R A 2 JA]
) B AR X Ul 2, R b R B b 55 H A = b ) 2
B2 AV TR AR B2, a0 F b R K 33 32 2 e B
AR N, B A Z6 3G A A RE BERDN, 40 i)
N 11.23% Fl 4.54%. iZ I A4 25 F s s R A R
+2000—2010 “Eyk /b IR, 152 T A 20 iES],
Ui B A Y 3k R R AR B T R A B AR,
bR A v
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R4 LMEVFMERIEEXRY
Table 4 Correlation coefficient for linear regression fitting test
Tor 6 24 bijii! L7511 w1 ie: WV RAHI b
Test coefficient Arable land Forest land Grassland Water bodies  Built-up areas  Unused land
R 0.839 0.980 0.801 0.791 0.949 0.901
P 0.199 0.639 0.195 0.061 0.095 0.122
95% B A5 X [ R Lower limit of - - -
the 95% confidence interval 23.433 14.235 0.335 0.177 27.947 0.171
0 =X |} imi
95% BL{Z X [F]LIR Upper limit of -15.278 ~12.400 0.304 0.293 34.928 0.236

the 95% confidence interval
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Fig. 4 General scatter plot of linear regression residuals and predicted data
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Table 5 Contribution rates and root mean square error of land expansion driving factors

2000—2010 4F 2000-2010 year

2010—2020 4= 2010-2020 year

o ~
o Drtvie foors iR iR iR ST
Contribution rate Root mean square error Contribution rate Root mean square error
1 e 0.16 0.23 0.15 0.24
2 BE T IE PR 0.05 0.16 0.06 0.16
3 GDP 0.07 0.16 0.09 0.18
4 AR R K 0.09 0.18 0.08 0.17
5 YepE 0.06 0.14 0.07 0.15
6 PR 0.09 0.19 0.09 0.18
7 JNEE:J; S 0.09 0.19 0.10 0.17
8 PRI ER 2 0.08 0.18 0.08 0.17
9 S = 2R 0.08 0.16 0.07 0.15
10 L Fp SRR 0.05 0.14 0.03 0.11
11 PH — 0 i 0.08 0.19 0.08 0.18
12 PR UM S b 25 0.10 0.20 0.10 0.21
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Fig. 5 Spatial distribution of driving factors in Changsha in 2020
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Table 6 Comparison of land use area for each land type between the 2020 baseline scenario and three simulated scenarios

2

in 2030 km
Tp———— T
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J1T Total 11 820.55 11 820.56 0.01 11 820.66 0.01 11 820.55 0.00
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