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Comparative Analysis of the Driving Forces behind Land Use Change
in the Rural Community of Hainan Tropical Rainforest National Park

JIANG Yuexin, YANG Xiaobo', LIANG Caiqun, WANG Chongyang, LI Jinghan, ZHANG Shunwei, ZHU
Zicheng, HE Yiqi, WU Tingtian, LI Yuanling, CHEN Zongzhu
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Hainan 571100, China

Abstract: This study explored the spatial patterns of land use and the driving forces affecting the rural community in
Hainan Tropical Rainforest National Park. It focused on three representative rural communities: Maoyang Township,
Nankai Township, and Shuiman Township. Utilizing remote sensing images from 2000, 2010, 2018, and 2023, we ana-
lyzed the evolution of land use in the communities from 2000 to 2023 through a comprehensive approach including land
use transfer matrices, a comprehensive index of land use degree, landscape pattern indices, and geodetector analysis. Forest
land constituted the primary land use type in the rural communities, with the area of forest land increasing from 2000 to
2018 and decreasing from 2018 to 2023. In contrast, cultivated land initially decreased (2000—2018) before experiencing
an increase (2018—2023). The land use changes in the communities can be categorized into two phases, the conversion of
farmland to forest (2000—2018) and the conversion of forest land to cropland and construction land (2018—2023).
Changes in land use types primarily drived changes in the landscape patterns of the rural communities. The landscape
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characteristics reflect reduced aggregation, increased fragmentation, and enhanced diversity of landscape types. Spatially,
the fragmentation of the landscape exhibited a high central area surrounded by lower-density regions. The land use change
in the typical rural community of Hainan Tropical Rainforest National Park were influenced by policy and human factors.
The normalized difference vegetation index and proximity to roads were consistently identified as significant influences on
land use changes. At the same time, the digital elevation model also played a significant role. Interaction detection results
revealed that the relationships among the factors displayed either two-factor enhancement or non-linear enhancement, with
the explanatory power of two-factor interactions surpassing that of individual factors. This study aims to offer recommen-

dations for the sustainable construction and development of rural communities within national parks.

Keywords: land use; landscape pattern; driving forces; rural community; national park; Hainan
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Fig. 1 Location of Maoyang Town, Nankai Township, Shuiman Town
x1 HARBENEESH
Tab. 1  Specific parameters of research data
AR Data set Ay Year ZrHER Resolution ratio/m B AKIR Data source
[ERASES DEM 2023 1000 https://www.resdc.cn/
ez
40|
AR R TR BEE 2000—2023 1000 http://www.geodata.cn
AR H KK B 2000—2023 1000 http://www.geodata.cn
I — A A 9 38 £ 2000—2023 1000 http://www.geodata.cn
MR WHE [ N A= B 2000—2023 1000 https://www.resdc.cn/
N O 2000—2023 1000 https://www.resdc.cn/
Vi LNAEH 2023 - https://www.openstreetmap.org/
SN 2023 - https://www.openstreetmap.org/
BURHZR PEAE S LAY M 2023 - https://Ir.hainan.gov.cn/dataopen/
FERZ OR3P X Y HE S 2023 - https://Ir.hainan.gov.cn/dataopen/

T SRR Jom,

Note: —indicates that there is no such item.
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Fig. 2 Land use/cover change in Maoyang town, Nankai township, Shuiman township between 2000 and 2023
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Fig. 3 Land use transfer matrix chord diagram
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Fig. 4 Land use transfer matrix chord diagram
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Tab. 3 Typological scale landscape pattern index

i1 IX. Ay 2 B 1w R BEYUE R RORIEHUEEC %EE RPUBRIEH REEIEHK
Region Year Type CA PD LPI ED LSI Al
E IHAH 2000 Hh 1274.13 0.27 2.73 18.30 13.43 89.46
R FH b 338.40 0.70 0.41 8.42 11.92 81.84
i 8476.02 0.16 55.94 21.08 8.84 97.44
KAk 352.53 0.06 3.07 5.55 7.81 88.87
2010 Wkt 875.07 0.60 1.78 18.29 16.15 84.42
I HL 413.91 1.44 0.21 13.65 17.49 75.25
Mt 8762.22 0.22 4423 25.85 10.00 97.10
KA 389.88 0.23 2.81 7.45 10.00 86.08
2018 ki 711.81 0.41 1.26 13.24 13.04 86.29
R FH b 363.33 0.94 1.20 12.61 17.20 73.91
i 9069.39 0.25 59.77 22.02 8.80 97.53
KAk 298.17 0.12 1.37 5.11 7.77 87.94
2023 Wkt 1266.93 0.58 3.02 23.39 17.17 86.21
I HL 449.10 1.26 0.43 15.49 19.05 73.95
Mt 8454.15 0.30 56.05 26.29 10.32 96.95
KA 270.90 0.14 2.24 5.87 9.39 84.38
Mt 2000 ki 203.58 0.64 1.04 14.98 8.32 84.12
R FH b 84.69 0.67 0.57 7.04 5.81 83.63
i 2560.50 0.40 37.57 21.14 7.26 96.26
KAk 138.69 0.07 4.58 14.12 9.42 77.86
2010 Wkt 227.34 0.70 1.48 16.05 8.51 84.69
I HL 82.80 0.64 0.58 7.33 6.07 82.63
Mt 2540.34 0.64 36.58 22.71 7.48 96.11
KA 136.98 0.10 4.58 14.22 9.61 77.07
2018 ki 162.72 0.64 1.18 13.05 7.73 83.60
R FH b 51.48 0.80 0.20 5.98 6.29 76.82
i 2646.09 0.17 56.35 24.85 7.88 95.96
KAk 129.06 0.20 4.18 14.99 10.16 75.07
2023 Wkt 236.61 0.90 1.54 19.45 9.84 82.35
I HL 119.97 0.80 1.62 9.08 6.30 84.88
Mt 2492.64 0.57 35.33 26.65 8.23 95.63
KA 138.24 0.20 4.60 13.83 9.15 78.48
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Tab. 3 Typological scale landscape pattern index (continued)

i1 IX. Ay 2 B 1w R BEYUE R RCRIEHUEEC %EE RPUBRIEH REEIEHK

Region Year Type CA PD LPI ED LSI Al

Kl & 2000 i) 249.66 1.10 8.18 33.02 8.19 86.00

A L 58.23 1.17 1.17 11.31 5.59 81.17

A 1126.71 1.44 75.02 39.18 7.21 94.40

KA 21.60 0.48 0.75 7.99 6.55 61.69

2010 AR 254.43 1.17 8.23 31.11 7.75 86.98

B 76.41 1.44 0.66 16.13 6.97 78.52

Mt 1111.14 1.65 74.42 38.69 7.14 94.40

PICEN 14.22 0.21 0.43 5.13 4.85 65.52

2018 A 194.13 1.58 4.84 31.96 8.74 82.94

b 93.78 2.68 1.00 21.45 8.22 76.77

i 1150.92 0.82 76.94 41.78 7.51 94.17

KA 15.93 0.62 0.25 6.19 5.70 61.16

2023 Wkt 288.90 1.85 3.19 40.09 9.20 85.17

AR 160.92 2.95 4.02 30.55 9.12 80.23

Mt 994.86 1.44 64.50 49.46 8.72 92.57

PICEN 11.52 0.55 0.28 3.21 3.43 75.97

222 FMREZREEAFE MAIRGE XS SHDI Al SHEI ZRfb# K., fE/K# S, Al Al LPI

WAE Jey2s ) A3 A s vl 4, K6, B 7 B, &
PHEE . p T 2 FI/KIH & ¥ 20O MR AL R B s
NG RR BE AR R 3

TEE PR, AT R LPI A8 AL R HR 43 X du 4
T FH M A L IX 3 ; CONTAG 28 fb 38 KR 43
DI 4 h e U M . BF b S Ak sE AL
SHDI FI SHEI 22 4k 55 K 43 IX Bl 4 vp T i b
gk, ERTTF S, AL A LPT AR fb 5 A 40 X 38
ST L DL KBk ; CONTAG AR fb 5 R
a3 DX A T RCHB B O 5 T R b A 1

RAR 2 N 5 P - A B T TP N = /N i T
CONTAG ZZEAbH R FR o X I 3 B i fE K i &
At ARG K ; SHDI Fl SHEI 28 Ak A% 343 X 58,43
MAEKIH & ik

2.3 WEWASH

23.1 BEFHEMES>HM  2000—2018 4, £ KT
X LA R 7 4R X LUCC MM REIE q (R 5), e
FE 95% M B A7 /KT 1 AR 8 Xof PRI AR o A R
HrpHEAZ ORI X E (X)) 78 2000—2018
AEXT A R R LR AR R AN B, AR

x4 ABRXFHXEWKERURBIEY

Tab. 4 Landscape scale landscape pattern index

X GG R BEYHR L LI A AL TRZHAEIR G FWRIASI IR RAEIREL
Region Year LPI CONTAG SHDI SHEI Al
T B4 2000 55.94 69.85 0.65 0.47 95.67

2010 44.23 70.45 0.61 0.44 94.76
2018 59.77 74.72 0.52 0.38 95.67
2023 56.05 68.07 0.66 0.47 94.33
HMH S 2000 37.57 72.94 0.56 0.40 94.22
2010 36.58 72.05 0.57 0.41 93.99
2018 56.35 76.11 0.47 0.34 94.06
2023 35.33 69.36 0.62 0.45 93.35
K & 2000 75.02 64.89 0.69 0.50 91.94
2010 74.42 64.21 0.71 0.51 91.99
2018 76.94 64.51 0.68 0.49 91.19
2023 64.50 55.76 0.86 0.62 89.60
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Xe>Xg>Xs=X11>Xs, HAHEE MR . NDVI X LUCC (R EEHET R . Xi0=Xo>Xo=Xg>Xe=X1>
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Tab. 5 Detection results of driving factors
of land use change

Kz T 2000—2018 2018—2023
Driving factors q =) q =)
X 0.24 0 0.22 0

X, 0.23 0 0.23 0

X3 0.09 0 0.10 0

X4 0.24 0 0.23 0

Xs 0.05 0 0.05 0

Xs 0.23 0 0.22 0

X5 0.24 0 0.20 0

Xs 0.13 0 0.16 0

Xo 0.28 0 0.26 0

Xio 0.25 0 0.26 0

Xii 0.09 0 0.10 0

Xiz 0.04 0.15 0.05 0

X7>Xs > X11=X5>X15=Xs , F: 1 NDVI FlJE i 5% (1) f5
BT LR R 41 X LUCC B 0.26, &+
BRI, B RIEE | Bm . B
U PR DX R B AR 4 B 7K 4% LUCC 11 fiff
FEARR 10%, IKshVE RS .

SRR E, (SR EMARKNERE
2000—2023 45 I g FAHT T AR I 5820 el MR K B
FHIX A R AR 32 R 2 b R B BE R
NDVI [ B8 BE LR RTS1 , 15687 38 % 5 Al NDVI

2000—2018 — 1.00
Xi|e L 0.90
X,

L 0.80

X« @
x| . L 0.70
Xs| o L 0.60
Xs L 0.50
Xl e ° ®
X, L 0.40
X, L 0.30
X 0.20
Xu ° 0.10
Xio| @ 0

X X Xo X3 X Xs X X7 Xs Xy Xy Xy
E 8

FEE Xt - F A= A g, OB R R
DEM FI3 FETE 2 A B rp o BIHEZRSE 3, 1A L
AN TS R VR A =X B (o e o
FIRASACEZL IR ) Sy o BRI, BEAE S AL
FITEEAZ O OR3P DX I B 2 A 8 1G04
A TR T R el A 2 A 8 o LA R 4 X+ i )
FARERZ I TN
232 REEME SN HE 8 L HIRMEE LT
A, PR A b R A A 1 s i 52 R P [RD 3 5 AR
FH, 20 AP A b 1) A2 Ak e fife R B 35 1 T 2
A5 M) DR - 1) i R 3 22 0 UL T 34 i s R R
sk, PP T45 A a8 BRI R T 45
U A b AR TR PR

2000—2018 4%, NDVI F1HE i # A9 I 5532 |
YEF R e (0.36), Hkh NDVI filiE K
RAGEE S (0.35 ). d B iz B+ b ) FH 28 4k 3=
PR A2 B . N R B FE a1 N 3R]
EH .

2018—2023 4, SHHE[—KBAH{EL, NDVI Al
I 0 R B A AR R R s (0.39), HUf#
FE R W T . B K AR B FE 25 A1 GDP D & NDVI
1 DEM A HAE MR 0.36; HR WIEE
AR ESA GDP 22 HAEH (0.35), FRUIZH B
[ PR 2R DR 28 RN B i i R R AL Rl g, 28 0%
PR R Y PR 2 R A BT 1 i

2018—2023 — 1.00
Xi| e L 0.91
X e
e L0.81
Xl e o L0.72
Xslo @ o L 0.62
Xsj® o ° L 0.53
Xl o . )
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Xio o0 0.25
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Fig. 8 Interaction detector for each influencing factor
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% 6 2000—2018 & ZSHR M IR 3 F =
Tab. 6 Ecological detector for each driving factor
in 2000—2018

KB A F
Driving X X X5 X X Xg X7 Xg Xo Xpo Xip Xiz
factors
X
X5 ns
X * *
X4 ns ns *
)(5 * * * *
Xe ns ns * ns *
X7 ns ns * ns * ns
XS * * * * * * *
Xo * * * * * * * *
Xio ns * * ns * * png * 0F
X]l * * ns * * * * * * *
)(12 * * * * * * * * * * *

E: *RREFEE (P<0.05), ns RRERAEBE.
Note: * indicates significant difference (P<0.05), ns indicates
no significant difference.

F7 2018—2023 RN IKFE ZH
Tab. 7 Ecological detector for each driving factor
in 2018—2023

9K 5l T
Driving Xi X X3 X X KXo X7 Xg Xo Xio Xip Xpp
factors
X
Xz *
X; * %
X4 ns ns *
X5 * * * *
Xs ns ns * ns *
X * ok x ok k%
Xg ® ok ok ok ok k%
Xo ® ok x x ok ok %k %
Xio * * * * * * * * g
X * ¥ png  * * * * * * *
)(12 * * * * ns * * * * * *

F: *FREREFE (P<0.05), ns FREFAEHE,
Note: * indicates significant difference (P<0.05), ns indicates
no significant difference.

LRI RS BRI . AT IREOK R BEK
REIEES . BEIE S AOEE RS . NDVI R A4 4k
REE 5 B FAREY K& . GDP, N # B
FROK AR RE S . BEE K AOEE B . NDVI; 4R 73R
KR GDP, AN HKIRAGIRS | M
IBEES . NDVI, HASaLEE,; GDP AA
FU& R BEOKARPIEES . BEIE KRS . NDVI,

PR A ZS LT LRI s N 128 R KA i B
PRSI . AR SRR BRI
B R RS . ISR . NDVI;
NDVI FIEAE AL MIEES, DL 38 4 F7E 2
OGN v G 2 X6F A= i FH R BE 285 48 B80S () o3 A
AW 25 R o B B3R PR A Bl B[R] RS T
- R AR A 25 I A R AR FE 25 57

AR, A A B 9K 3l i e # i AR E K
s bl LY S i IX A b A FH AR AR OSUA F 22 AR
FHE25, {H NDVI, BB | BRI
PR B A1 GDP 5 HoAth PN 5[] 3¢ FA FH Al e B IR 448
58 o 25 PR -5 L iR PR [E) W R AR FH fie e B i T B 1A
FAEHIM RS . DR FIR IR 45 kB, 2000—
2023 4F #7014k X PN 4 R A AR fb £ A7 3 5
SRFIE PRV, SR, M AR 45 45 5ok
F, WEFEHA Py B R 4 X 4 A AR b R Az
b Sav kR, BRNE . EEERMHIE R
RuydeFEgm . WA ERE RAE ARRR
Xof LAY IR i ek X A b 1) FH 722 Ak N 23 8] 53 A5 52 e AN
Wi FsF (1] 1% 22 Ak AR 4k

3 i
31 XE#HRIMFAAS=NEESHT

A SR S B 1 IR MR 2K 2 B B BH
. MIF S AUKI S 3 AN BRG] A XY 4 A
HAEAL SO, Hodr, 2000—2010 4E, i TR BHA
PRS2, HEHUE R bk, 575 44t
AR R —3, Bl 2010 4F [F PRz & @ik,
i ) AR AR s RN L Bl B UL el
SEIH iR lie b A e R R AR T I A A SO R PR
HHEBVA R, W25 SR HHAPRECE . 2010
—2018 4%, ST FC 1 4k X 52 B 1 LG i, B
Hi i AR A, 5 AR L E R H SRR YTIX
(14 - A AR A B 5T — 30

2019 4%, Mg R PAHE TR IR A el s gl Ak ol ik
SEBE, 2018—2023 AFERAHT R AR E 5220 el ALK
T A1 DX+ b A1) FH AR A 5 Chebera Churchura [H
F N i X ARIET, Chebera Churchura [E %
PR ST S, T b DX A R b T AR, AR
AR/, 5 i R AT T PR ] 52 2 el L 78 K 1 4+
X PN A H R AR A R R — 3. T R FAHE T A [
ZR s el LR R 1 4+ X PR i B AR Y5 R A AT
REAAR RS S ALY, e AR i H 2 v
Rt X m R B S R AP A A A, IR R 7
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