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Landscape pattern changes of Hainan Tropical
Rainforest National Park from 2015 to 2020

CHEN Shengtian, FU Hui", DU Yanjun, FU Guang, CHEN Jie

( College of Forestry, Hainan University, Haikou 570228, China )

Abstract; Hainan Tropical Rainforest National Park is located in the middle mountainous region of Hainan Province,
and it has a diverse landscape with 95.56% forest coverage. Studying the evolutionary aspects of the landscape pattern in
time and space in Hainan Tropical Rainforest National Park is extremely important for preserving and enhancing Hainan
Province’s ecological security barrier. The landscape pattern index, single-motion landscape dynamic attitude and
landscape transfer matrix were used to examine the geographical and temporal evolution features of the landscape pattern

of 10 land cover patterns in Hainan Tropical Rainforest National Park between 2015 and 2020. This study used ground
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cover data from the Hainan Tropical Rainforest National Park between 2015 and 2020 to develop a landscape pattern
distribution system based on actual ecological situations. Other elements that affected the evolution of the landscape
pattern in Hainan Tropical Rainforest National Park included policies, climate and other natural and human factors. The
results were as follows; (1) The overall landscape fragmentation of Hainan Tropical Rainforest National Park reduced
from 2015 to 2020, increasing spatial agglomeration of the landscape, decreasing integrated dynamic attitude, and
generally steady development of landscape patterns. (2) The area of evergreen broad-leaved forest in the tropical
rainforest increased in five years, with an increase of 531.38 km’, a decrease in fragmentation, and a positive growth
trend, and the landscape tends to be concentrated in patches; on the other hand, the area of needle-leaved forest and
shrubwood significantly reduced, with losses of 189.53 km’ and 294.74 km® respectively; there was also a partial
transformation of water, and the area of the water landscape had been somewhat reduced, and the patches tended to be
concentrated and spread; the remainder of the landscape patterns accounted for a relatively modest amount, and
developed and changed in the direction of natural succession. (3) The landscape pattern evolution of Hainan Tropical
Rainforest National Park was primarily based on natural succession of the rainforest, followed by a comprehensive impact
of policy, climate and other factors, which reduced human factors on the tropical rainforest landscape interference and
was conducive to improving the rainforest ecosystem’s self-healing capacity. To summarize, the landscape pattern of
Hainan Tropical Rainforest National Park has been stable since the commencement of the pilot project, and policy
direction has played an essential constructive role. The targeted conservation and restoration of the tropical rainforest
landscape will help to the Hainan Tropical Rainforest National Park’s sustainable development.

Key words: landscape pattern, evolution, Hainan Tropical Rainforest National Park, influencing factors, nature
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Table 1 Landscape pattern area and proportion of Hainan
Tropical Rainforest National Park in 2015 and 2020

2015 2020
U,
FOWZE Y . .
Landscape TR it T b
pattern Area Pr(.)por— Area Prq?por—
2 tion 2 tion

(km*) (%) (km*) (%)
T 53.05 1.21 47.71 1.09
Rainfed land
EHAMY) 49.13  1.12 6.67  0.15
Herbaceous plant
THE WA 10.12  0.23 8.56  0.19
Irrigated cropland
W Lk E AR 2 476.45 56.36 3 007.83 68.45
Evergreen broad-leaved forest
7 i) .62 0.04 6.46  0.15
Deciduous broad-leaved forest
Btk 288.11  6.56  98.58  2.24
Needle-leaved forest
WA Shrubwood 1449.22 3298 1154.49 26.27
{ i Wetland 0.09 0.00 1.05 0.02
AR IK)Z Impervious layer 1.28 0.03 2.39 0.05
K& Water 64.98 1.48 6032 1.37
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Table 2 Landscape indices of Hainan Tropical Rainforest National Park in 2015 and 2020
GRO ST PLAND NP PD AREA_MN LPI LSI COHESION
Year Landscape pattern (%) (pes - hm?)  (hm™) (%) (%) (%)
2015 s 1.250 9352 2.13 0.59 0.035 6 124.00 85.15
Rainfed land
A 1.252 22 617 5.14 0.24 0.007 1 168.21 60.53
Herbaceous plant
THE A 0.239 2999 0.68 0.35 0.010 7 65.59 74.43
Irrigated cropland
23 i@ i A 56.036 36 591 8.32 6.73 15.914 1 258.90 99.81
Evergreen broad-leaved forest
P - fE Ak 0.041 958 0.22 0.19 0.003 6 33.43 54.84
Deciduous broad-leaved forest
FRIRAN 6.753 28 020 6.37 1.06 0.568 6 174.92 96.21
Needle-leaved forest
AR 32.928 41 054 9.34 3.53 7.422 6 314.07 99.44
Shrubwood
I Hi 0.002 82 0.02 0.13 0.000 1 9.09 19.76
Wetland
RiBKZ 0.029 273 0.06 0.46 0.004 3 18.75 74.99
Impervious layer
KAk 1.471 264 0.06 24.50 1.331 4 13.05 99.43
Water
2 020 LN 1.111 5 891 1.34 0.83 0.039 6 95.89 87.34
Rainfed land
FATHY) 0.168 3717 0.85 0.20 0.004 1 64.59 49.16
Herbaceous plant
HE WA H 0.200 2738 0.62 0.32 0.007 3 63.56 69.78
Irrigated cropland
B BRI AR 67.995 15 455 3.51 19.35 28.999 9 172.67 99.91
Evergreen broad-leaved forest
P& - AR 0.155 2 635 0.60 0.26 0.003 3 56.50 60.07
Deciduous broad-leaved forest
Ak 2.378 14 267 3.24 0.73 0.119 0 134.16 89.08
Needle-leaved forest
HEAR 26.543 37 617 8.55 3.10 1.060 2 261.15 98.25
Shrubwood
TR 0.025 566 0.13 0.19 0.000 9 25.91 45.37
Wetland
RiBEIKZ 0.057 795 0.18 0.31 0.003 3 30.71 62.69
Impervious layer
KR 1.369 196 0.04 30.72 1.220 8 11.61 99.38
Water

. PLAND. B 55U ] ; NP. BRSO PD. BE 3%, AREA_MN. “F B A, LPL f KBEH 850, LSL 50

JEARFEH; COHESION. BTHhsh & EEts4k, T,

Note: PLAND. Patch accounts for the proportion of landscape area; NP. Number of patches; PD. Paich density; AREA_MN. Average
patch area; LPI. Maximum patch index; LSI. Landscape shape index; COHESION. Patch cohesion index. The same bellow.
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Table 3 Landscape indices of landscape level in Hainan

Tropical Rainforest National Park in 2015 and 2020

A CONTAG Al . .

Yeur NP (%) (%) SHDI SHEI
2015 142210  63.45 79.34 1.06 0.46
2020 83877  71.69 85.68 0.85 0.37

:: CONTAG. HIEEHE4L; AL REEHEH; SHDL F K
ZREVEIREL SHEL B S BEfRHL, T,

Note; CONTAG. Sprawl index; AL Aggregation index;
SHDI. Shannon diversity index; SHEIL  Shannon uniformity

index. The same bellow.
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SAE7EAL, R 6 A, 2015 AEBFIE X AE B
1 24.55 °C AERE KR 130.89 mm, 2020 4E4E
SRK 24.80 °C L AEREK BN 145.97 mm, ST
L5 ERIAEY X K B R Y R T
SR 0.25 C BEK R3S N 15.08 mm, —
FEFRE LA R T AR A B A 1 A K AR A
B ELAIE 5T DX 30 BBl N 3 DR A A LB Y £
F=, AR T BT TR SRR A ) bR R R I
R B BLAh, & R 5% 45 45 S X TR AR
A A 2 7 A bR e 2 0 K A5 67 TS W), 7 2R
R AR KU AR L AR 3 S 4, 2015—
2020 4RI A 3 Yom B KU 5 4 1 RS $RH T AR
E R AR, Hr 2016 48[ 3 5 6 KR 5
2018 AFERBE 9 9 S5 KU i F1 Bl 8 ~ 9 ZL R AL
T 68 T R G ) 2 A LU AZ O PR B DX R g 1
(AN SRV N 7 B N =Y K7 S 95 1 = )
WU DX U AR B R X AT RO AR L e X
MIEA R R 2 — W, & RKGE5E T B AR
— AR LR T R ZRE RJZ M A K
A R RARAE B BB (V76 , 2010)
34 MEE

VB X e B 5 5 UL 4% R & i o b (3%
7)) R, G ARE ACE S AR TR 203,923
km? , 7EHF4R 801 ~ 1 400 m 14 X Sl 7 4k Ze de v | 4t
H 143.654 km®, (5 IR 70.45% , T840 45 T 148
IR DR X E ISR X2 1A% O
FIX EHFW BEWS DL BRI o FEARREE A H Sk
WA bR T R Ol 512,453 km?, B4 A T 201 ~
800 m [ AWk 6 $& 111 My, i A 409.859 km?, (i Lt
79.98% , LA A W e A UE K AR R T BN 37.446
km?®, 7€ 400 m UL ARV 4R b B M7 % Ak R 5%
L, A 21.995 km?, 5 FE 58.74% , FikEEfk
() 507 L X 5 A SR AR KRR B A &0 X
5% X HEAT W5 35 1) A BT, 45 R 3 UH A 3 % A R S
% VGG ARV 1L M 0 S Y BT DN
AR R AL B3 BF9E X b3 T 4%
AR T35 5 5 i 5, e R X S R 2J R A A 5 i) 5
K, = W38 HAE P R AR LR SR RRE
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Table 4 Dynamic degrees of landscape patterns in Hainan Tropical Rainforest National Park from 2015-2020

M o i 2020 114 R i B
Landscape pattern rea of22015 Area of22020 Area change (km?) Dynamic degree
(km™) (km") (%)
2 Rainfed land 53.05 47.71 -5.34 -2.01
FARAEY) Herbaceous plant 49.13 6.67 -42.45 -17.28
TEBEAR H Trrigated cropland 10.12 8.56 -1.56 -3.09
W LR AR Evergreen broad-leaved forest 2 476.45 3 007.83 531.38 4.29
Y& [ K Deciduous broad-leaved forest 1.62 6.46 4.83 59.55
AR Needle-leaved forest 288.11 98.58 -189.53 -13.16
AR Shrubwood 1 449.22 1 154.49 -294.74 -4.07
P HL Wetland 0.09 1.05 0.95 204.39
ARNiBEIKJZ Impervious layer 1.28 2.39 1.11 17.33
KA Water 64.98 60.32 -4.66 -1.44

RS 20152020 EFEFATFTEHRERAESNEREE

Table 5 Landscape transfer matrix for Hainan

Tropical Rainforest National Park from 2015 to 2020

km®
2020
wa
e mck e VTR BRI .

2015 Rﬂ‘iﬁd H‘?‘T*E% (%{E}E%S(Di] Evergreen Deciduous Needle- MK T Hh Iz:ﬁﬂ(); KK Bat
amte erbaceous frrigate broad- broad- leaved  Shrubwood Wetland 1o " Water Total
land plant land layer

leaved leaved forest
forest forest
S 20.973 1.099 2.266 1.376 1.409 2.424 21.777 0.157 0.993 0.576 53.050
Rainfed land
LAY 3.792 1.821 0.803 3.384 0.610 0.725  37.576  0.068 0.176 0.171  49.127
Herbaceous plant
HE B A H 3.906 0.427 1.970 0.069 0.441 0.340 1.164 0.195 0.385 1.226 10.123
Irrigated cropland
B A AR 2.159 0.315 0.096 2 285.653 1.717 14.791 171.676 0.001 0.032 0.011 2 476.451

Evergreen broad-
leaved forest

& T i A 0.329 0.014 0.009 0.349
Deciduous broad-
leaved forest

FRUREN 0.251 0.153 0.073  203.970
Needle-leaved forest

HEARK 13.873 2.210 0.888  512.965
Shrubwood

TR 0.014 0.008 0.011 0.007

Wetland

RiBEKZ 0.477 0.008 0.103 0.004
Impervious layer

KAk 1.940 0.618 2.340 0.057

Water

Bat 47.714 6.675 8.560 3 007.834

Total

0.046 0.024 0.837 0.001 0.014 — 1.623

0.335 77.601 5.686 0.008 0.005 0.023 288.107

1.346 2.401 914.979 0.028 0.309 0.223 1449.223

0.005 0.013 0.017 0.003 0.005 0.011 0.093

0.004 0.005 0.066 0.001 0.461 0.151 1.281

0.543 0.256 0.710 0.581 0.010 57.927 64.982

6.456 98.579 1154.488 1.045 2.391 60.320 4 394.061

4 WibE i

4.1 BEAEFRHERAESARFHREERE
g P AR TR AR 2 28 el i T SR BT T AR 3

B, AR Sk R AR O AR AR W (LD et al.,
2022) , HROMHEARM, Bl DR 37 FN B AR BUOR R
VT T, VA P SRGHE TR T AR AT 0, 32 R AN
T AT AR AR R B %D R X
A U & i b DX A 2 B I R T R G, SRR
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Fig. 2 Analysis of human activity intensity in Hainan Tropical Rainforest National Park

R 6 201572020 EES KR
FEHKREREKRESITE
Table 6  Annual average temperature and precipitation of

each meteorological station in 2015 and 2020

R Ve A Rk ik A R 7K
. verage .. . verage .. .
Meteorological Precipitation Precipitation
. temperature . temperature .
station name . in 2015 . in 2020
in 2015 (mm) in 2020 (mm)
(C) (C)
E/1T. Changjiang 24.58 130.04 24.94 143.93
5% Baoting 24.98 138.01 25.16 162.69
7T Wanning 25.28 146.14 25.42 159.70
SRZR Ledong 24.70 123.43 25.00 137.97
FZ7K Lingshui 25.35 135.91 25.51 154.88
F 481l Wuzhishan 22.53 126.82 22.91 152.00
Z~ 77 Dongfang 25.71 74.68 25.85 86.16
BH Qiongzhong  23.78 148.63 24.05 158.91
FH > Baisha 24.04 154.38 24.37 157.52
P4 24.55 130.89 24.80 145.97

Average value

OLFA L S o, B JEE /D | 4 R Fe R oAl
S ] AR AR BE R E AL, LUK
AR B AR 2 AR, e, A T LR L R
125 K 1A 2% 0 114 9 A AR i B A i 4 ek, LG 5 0
TR B dw e, BEHIE AR R, 1 B 5 07 8 5
TR A8 A A M AN AT R A S R B B S |
5 P ARORR | I AL 1 3 5 R K %
AT DX KA o R AP A R UL B B e,
MR LB — Bl A5 B e e, AR TG BR, 52 e
T i) 34 2 e, (900 5 L R A, 3 Sl 22
RRE R R 2 S8 00 5 A A 5% 0L/ 0 W 4 ik, L B e T
A, FHTA o X RS AR R T T
A, WFSE R W 7 108 25 7 DXObR s 1D AR IE 7 2% 3 1

K (X5, 20105 J& W AR i R 45, 2015) | T
ENIEE NS I E T SR NS P /N T R Y R A
HJE 5 AEIFE], PERR ST T 0F 58 X 50K R 22 1k
AL, Rk T TR BUR AR Z T T e A
AR B T R GF 0 DR SOV A R R S PR AR
MRS RE T $E 7T
4.2 BEPAHERMRERLAEEUEREULERS T
T T AT T PR ] 2 2 el 5% LA Jeg 8 A8 2 252
BRI R0, H e B e N 2R 3 T4
GRER, R EWILHESD, BT 25 R
HIAS W ¥ 2R ( Feintrenie & Levang, 2009) , #4447
DX S A B BRIE DL BE 4R 2% ~ 209 1 B 2%
(Potapov et al., 2017 ) , [} J& P4 37 #4719 AR 3]
J“HE Y5 Y4 ( Sahide et al., 2015) , H & 78 XN A
T2 PR TE B HE 20 A%, A AR B bR T AR
B 5 F WD 30% , TR A B B0 0, KSR AR WL AR
JIRA T REREAL (Liu et al., 2017), 1335 T4
“RORTFE” P 5 547 3, Fr 8T e iy $AH
AR SRR S 77 AR 37 (5 45 ] i AT AR I & 3 4 JF
HAEFRE R EARBCR S 5T, 5 R A2 T
H T i AT R PR 4 B A0 DX AR TN R TR
X EARAE S, FERARAE S REEH B KB
BT, W5 XN R A B E D R S bR
( Priyadarshini & Abhilash, 2020) . TR B 1Y L
MR AR LA [m) A SR8 Jy 3, bR T AR 22 1 K
23 (A SR AR VRIS 9 o 7R N 2RV B B A0 i i X
PR 25 2R G0 T 30 [ 0, S LR s )™ i, A
W55 v VE U AN A AR AR 5 AR A 88— B
(BAFIGE,2018) , 5P XA | WISR BT [T
SOULAZ AL Y 32 0K Bl PR 2R Ol A, X R AR
DM ML IX 52 S A B 7K 5 e ™ i o 7K i Y A8 R Ak
BT RE T BON AR5 L5 R & A #64E ( Giresse et
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Table 7 Landscape pattern transformation and elevation analysis
E]E'fvljﬁon evergreen broad-leaved forest broad-leaved forest erbaceous plant into shrubwooc
(m) o i 1 e il o sl
Area (km®) Proportion (%) Area (km®) Proportion (%) Area(km?) Proportion (%)
<200 0.506 0.248 10.908 2.129 4.553 12.159
201 ~400 4.711 2.310 109.305 21.330 17.442 46.578
401~ 600 14.762 7.239 159.069 31.041 11.398 30.438
601 ~ 800 29.880 14.653 141.485 27.609 2.278 6.085
801~1 000 58.840 28.854 75.201 14.675 1.206 3.219
1001 ~1 200 56.454 27.684 15.148 2.956 0.465 1.242
1201 ~1 400 28.360 13.907 1.205 0.235 0.100 0.268
1401 ~1 600 8.536 4.186 0.127 0.025 0.001 0.004
>1 600 1.874 0.919 0.005 0.001 0.003 0.007
3T Total 203.923 100 512.453 100 37.446 100

al., 2020) ; At 241 N ZE T 2 38 AR U s X
MMSEHLIEZ N Z — ( Berhanu et al., 2023) ,
A E R AR ERE A SR ERE
T ORI, B W N Ry TR R R R TR bR R

WLER - IE , O B 1 B R R PR AR 25 R G A D L
Xt FR ARSI B AR 5 kR B — E 1 i %
LRS-

4.3 BERTRRERLAERKEZRE

2019 41 e FA T R AR 5820 Bl 4 o] ik A 1R
A7, 2021 AR S B A — L E K AR iR A
AW I i % B4y T AR 8 20 Bl 1 A 4T T
YEo — 5, iz MR R AL iR T ORHE
AR PR R AR SR WL DR P R o5 — O T, AR A
BRI BOR R B, W IXRkRHK T £ 0T
T A% U PR AP DX i R X T AR AR S R GE AT ™
MELRAT, AR AR TR R 5 — A o) DX D — o A
JEE T 0] 28 AR TF T, 2 0 2K 5 1L AR B & B (B
PO 5 R O FR T ISR ) 1 R R T
AR G2 el S5 U0 f 52 Bk 0 048 3 £ 3 DR 9 vk
R A ASVETF A, AR — Y1 T GE A IR T bR S UL ) A
B Bl 5 — e il DXAR 5 A2 25 s Ak & g, AN T
REHRREAG R K HML (human modified
landscapes ) 544, 5 Ak 52 W 20 B, 48 & 34 T AR AR
) S A S B {E (Wies et al., 2021) , 2% > [E Ah
FH AL, 5l AN R GRS A 2% 55 AR ARG BEHL
Al AT, DA i A i BE Dy T ek 2D X AR A TG i IR
(Edwards & Giessen, 2014 ; Berhanu et al., 2023)

2 R NS S/ T B Ry NS (I R O
M, P0G T R A ROK B R T WK R K B -
o 05 AR A BT DX KR O T R A R R B
PGB KK E AR, DA N
SERAT it U DR AP T BE ST KRR X P Ak K
R % AT Jmy , B4 5 BIF 9 X 5 00 o8 2R 1 5 O
( Wang et al., 2020 ), ItAh, 76 NZE0E sl 5m i 11
ES BEEMX, SR NG, NPk
S 3 TR b (v R B P b ) T 0 A B A B LA
BN B IR SR o3 18 B v X Y A R A
BEBE D8 /N KT AR S IR R e, ARGHE TR A
bel A= 2 e =, 2 TR & O F Y ARG B
FEPE  IF B F s R 3 X & 2 BR Y fE R K 25
Wit e AR S A ME — A B b ( Du et al., 2020)
Ry itk — 20 B WOMRAE B T R 2 Bl 4Rt
PSP EL IR | AN BT 37 f 4 2k B I, 48
UL AR SR, A 7 4 A% L A R s
AR X Z ] 19 7 38 P, DUTE B 22 1 AR AR S
W28 R 55,

AHIF G I R] 5 B AN Sy P4 T AR 2820 Bl A S7
HIJE IS 5 4F, K BE 42 T 48 7 B 58 IX S5 W A% Jay 8 728
FROE SR e X 2R 7 I S0 90 ks 25 S8 1 i it ]
R SHEBFST 20 22 90 4EAR AR X ST 22 /iy
FOULR L , 25 A R 5 9% X AR R B sk, e,
LI T 4 8 s PR3 L D A0 R R
5 FEPEC A HE AR H, T BOR N ZE 3h &R
SRS E AL G T, I S I R BT R LS AR
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