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Landscape pattern evolution and ecological security evaluation of Hainan Island,
southern China under background of land use transformation

Zhao Limin'?  Guan Yinghui' Zhou Jinxing'
(1. School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China;
2. Zhuozi County Forestry and Grass Bureau, Zhuozi 012300, Inner Mongolia, China)

Abstract: [Objective] This paper studies the spatio-temporal evolution of landscape ecological security
pattern in Hainan Island of southern China to provide a theoretical basis for optimizing the local land use
structure and enhancing ecosystem management. [Method] We explored the spatial-temporal evolution
characteristics and driving mechanisms of Hainan Island’s landscape ecological safety patterns based on land

use, afforestation and socio-economic data during 2000—2020 by means of land use transition matrix

Wrfm HHA: 2024-12-03 f&[E B #3: 2025-06-03

ESTH: WA ML R AT H (HNYZ-2022270)

E—1EE IR FEHFT T A AR EJEME I . Email: mengshan1818@163.com  Hilik: 100083 Jb 5 MiHE X i H AR 35 SAbatklk K
K EARRFE R .

EEEE: GHE, BIFUR. FEFFT I AR SEPK E T T . Email: gyhdem@bjfu.edu.cn il [F] F.

Z<F ik http://j.bjfu.edu.cn; http:/journal.bjfu.edu.cn


https://doi.org/10.12171/j.1000-1522.20240408
https://doi.org/10.12171/j.1000-1522.20240408
https://doi.org/10.12171/j.1000-1522.20240408
mailto:mengshan1818@163.com
mailto:gyhdem@bjfu.edu.cn
http://j.bjfu.edu.cn
http://journal.bjfu.edu.cn

44

= N AN

analysis and landscape ecological security index calculation. [Result] (1) Forest land and cultivated land
were dominant landscape types in the past two decades, with an average area proportion of 67.01% and
24.76% of the study area, respectively. In general, the land use changes had exhibited overall stability with
drastic variations, increase in built-up land (1 241.82 km?®) and decrease in grassland (1 049.38 km®) were
most notably, with changing rates of 232.45% and 67.31%, respectively. (2) The landscape fragmentation in
Hainan Island had intensified, especially for cultivated and built-up land. However, landscape contagion and
connectivity had improved, while landscape diversity and uniformity had shown a phase of “first decrease,
then increase.” (3) The overall landscape ecological safety level of Hainan Island had deteriorated. During
the 20 years, the proportion of area with low and lower security level area increased by 10 824.10 km? and
high and higher security level area decreased by 13 122.56 km®. By 2020, the high and higher security level
area only accounted for 47.52%. Spatially, the landscape ecological safety level in the central and southern
parts of Hainan Island had gradually improved and stabilized, while the coastal areas had progressively
deteriorated. (4) In addition, the landscape ecological security was featured by significantly spatial
agglomeration. The aggregation unit gradually changed from “dispersed” to “centralized”, with high-high
value clustered in the south central and low-low value clustered in the coastal area in 2020. [Conclusion] The
rapid expansion of urbanization land demand and the decrease of afforestation are main reasons for
degradation of landscape ecological security in Hainan Island. In the future, ecological conservation efforts
in the central and southern regions of Hainan Island should be continuously promoted to ensure the
effectiveness of its ecological barrier function; at the same time, ecological restoration in coastal areas
should be strengthened to optimize its landscape ecological safety pattern and ensure the long-term stability

47 %

of ecological safety levels.

Key words: Hainan Island; land use; landscape ecological security; spatial autocorrelation analysis
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Tab.3 Evaluation levels of landscape ecological security
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Tab. 6 Area and proportion change of landscape ecological security zone of different grades in Hainan Island from 2000 to 2020
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Fig. 5 Spatio-temporal changes of landscape ecological security pattern in Hainan Island from 2000 to 2020
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Fig. 8 Changes of population and socio-economic development in Hainan Island from 2000 to 2020



6

AT LN AR T T 3 R e B SR R A 5 RS e 53

WA RTE A 5] T . RN, R 5 vh B AR R
InsEAE AR, PURHE AR RE, MiRES R
S FE AR E -

4 % ®

AR SC A R By T ORGSR A R R e RS
FERE, FOURS RIE BT SRS 2 2N DL
8] E M SR M 55 05 1%, R GEor AT 1T By SO SR

AR Ak RN S W0 AR 25 22 4 (R IsE 25 8 AR R AAE B HL 2 i [A]
=, FELRIT.

(1)2000—2020 45, Ak Hu ABE M A2 7 5 A
bR SR o R e A% R I B AR E R
AR AR Z R AR s, e rh bR L R B 2 TA] A LA
e DL AN AR 1 2 e P 3 B0 e e i 9 W R,
B HLEAR Y KT 3 £

C2OPR o P b 0 5 b ) 8 R A R o 9 7™ L
SO A2 JE B R ZE G0 1 3 i . W 22 A AT 35 50 R TN
£ SEBEETE I B AR E .

(320 4[], ¥ & 50 AR & 22 4K -F 235k
TH G BB A AL, B4k AR %A . AR AL
52 Y S 4 0, SR BUN “R-m E AR T A IRIR
HAER” 23 B2 A% R . Hodr, 0158 X B 3 i 5t
ML KB B i s B T8 5E, WX F
B A2

(DI 5 WA 24K AL 5 i 4k 7
JERAL 22 U K I BERR S UIAH G . ARk, 75 m ok
MUV X A SR 5B R R, &%
GRS SR RR, HRESREHN
KA R 500 o [RIINF, KRR HEE o R X 1 A
SR TAE, ORI A S BRI BE -

5 £ X
(1] BT, ROk, SR, WAeESZENEAMEITRA

(I N AR, 2002, 13(3): 354-358.

Xiao D N, Chen W B, Guo F L. On the basic concepts and

contents of ecological security[J]. Chinese Journal of Applied

Ecology, 2002, 13(3): 354-358.

[2] Rk, LA, MKk, % ERT A RITHN 7 o R [0).

AEREEAR, 2022, 42(5): 1679-1692.

Ying L X, Kong L Q, Xiao Y, et al. The research progress and

prospect of ecological security and its assessing approaches[J].

Acta Ecologica Sinica, 2022, 42(5): 1679-1692.

[3] SunR, Wu Z X, Chen B O, et al. Effects of land-use change on

eco-environmental quality
Indicators, 2020, 109: 105777.
(4] B, LHFIH S22 BT ER [1]. 23524k, 2008,

28(12): 6305-6311.

in Hainan Island[J]. Ecological

Xie H L. Review and the outlook of land use ecological security
pattern[J]. Acta Ecologica Sinica, 2008, 28(12): 6305—6311.
(5] w96, %R0, P, 55, 3R AR AL BT 72 ik e (1], 2B

(6]

(7]

(8]

(91

[10]

[11]

[12]

[13]

[14] &

[15]

Z£4R, 2022, 42(13): 5165-5176.

Qiao Z, Jiang Y Y, He T, et al. Land use change simulation:
progress, challenges and prospects[J]. Acta Ecologica Sinica,
2022, 42(13): 5165-5176.

PR, T S50 S R F bt R P A 25 XU 2 )R 43 BT —
TLPE X4 E B0 (1], S EHEERFE, 2011, 31(4): 688-695.

Xie H L. Spatial characteristic analysis of land use eco-risk based
on landscape structure: a case study in the Xingguo County,
Jiangxi Province[J]. China Environmental Science, 2011, 31(4):
688—695.

B0 7?[35;3\, SV DR AR SR S L A A e A
(I 2 73 S — DA SN 4 AR AR AR A8 9 ) [0]. AR A 24, 2021,
41(18): 7273-7291.

Wang Q, Tang F, Li Y B, et al. Spatio-temporal differentiation of
landscape pattern evolution and its ecological security in karst
areas: a case study of trough valley in northeast Guizhou
Province[J]. Acta Ecologica Sinica, 2021, 41(18): 7273—7291.
Zhang W, Chang W J, Zhu Z C, et al. Landscape ecological risk
assessment of Chinese coastal cities based on land use change[J].
Applied Geography, 2020, 117: 102174.

Ma L B, Bo J, Li X Y, et al. Identifying key landscape pattern
indices influencing the ecological security of inland river basin:
the middle and lower reaches of Shule River Basin as an
example[J]. 2019, 674:
424-438.

Malekmohammadi B, Jahanishakib F. Vulnerability assessment of

Science of the Total Environment,

wetland landscape ecosystem services using driver pressure-state-
impact-response (DPSIR) model [J]. Ecological Indicators, 2017,
82:293-303.

AR, S, R, A
[ S I £ = L
1165-1179.

S BE T ot = g AR 2 R TR R IR A T
ﬁu‘i WHEFE [J]. 4 7 F 4, 2022, 42(3):

Xiong Y, Ai G X, Zhou C, et al. Temporal and spatial evolution
of ecological sustainability in Dongting Lake area based on the
improved three-dimensional ecological footprint model[J]. Acta
Ecologica Sinica, 2022, 42(3): 1165-1179.

FuY, Shi X, He J, et al. Identification and optimization strategy
of County ecological security pattern: a case study in the Loess
Plateau, China[J]. Ecological Indicators, 2020, 112: 106030.
TR, BT, B, 55, 2T InVEST B2 & =K
it A B R N A AR (0], B AR A AR, 2022, 33(9):
2511-2520.

Lei J R, Chen Y Q, Chen Z Z, et al. Spatiotemporal evolution of
habitat quality in three basins of Hainan Island based on InVEST
model[J]. Chinese Journal of Applied Ecology, 2022, 33(9):
2511-2520.

G, R, MRS, 5. 1990—2018 FifF 7 1 St AR
SRR REE [1]. AR, 2020, 29(2): 293-302.

Lei J R, Chen Z Z, Chen Y Q, et al. Dynamic analysis of wetland
landscape ecological security pattern of Hainan Island in
1990-2018[J]. Ecology and Environmental Sciences, 2020, 29(2):
293-302.

HER, MR, BNE, %5, 1980—2018 4Ei R & L HUFIH 5
EFRGMW S AR =48 0] £, 2020, 40(14):
4760—4773.

Lei J R, Chen Z Z, Chen X H, et al. Spatio-temporal changes of


https://doi.org/10.3321/j.issn:1001-9332.2002.03.024
https://doi.org/10.3321/j.issn:1001-9332.2002.03.024
https://doi.org/10.3321/j.issn:1001-9332.2002.03.024
https://doi.org/10.1016/j.ecolind.2019.105777
https://doi.org/10.1016/j.ecolind.2019.105777
https://doi.org/10.3321/j.issn:1000-0933.2008.12.062
https://doi.org/10.3321/j.issn:1000-0933.2008.12.062
https://doi.org/10.1016/j.apgeog.2020.102174
https://doi.org/10.1016/j.scitotenv.2019.04.107

54

Sl Ay

L SNAEPN

47 %

[16]

(17]

(18]

[19]

[20]

[21]

[22]

23]

[24]

[25]

land use and ecosystem services value in Hainan Island from 1980
to 2018[J]. Acta Ecologica Sinica, 2020, 40(14): 4760—4773.
BRI, RMUE, WHIRER, 5. J T SO0 R AR S UK i
9 TG 3 1 X A A M 59 0 4 BT (0] 2R A AR, 2007(4): 1257
1264.

Qiu P H, Xu S J, Xie G Z, et al. Analysis on the ecological
vulnerability of the western Hainan Island based on its landscape
pattern and ecosystem sensitivity[J]. Acta Ecologica Sinica,
2007(4): 1257-1264.

HEE, R, RV, & JE T SO0 R S AR S USRI =
. 717 5 WA 55 BEWE AT (0], @Fﬁﬂ‘ﬂkﬁ(%i?&, 2016, 36(4):
103-108.

Dong Y W, She J Y, Chen D Y, et al. Landscape vulnerability
analysis of Sanya City based on the landscape pattern and
ecological  sensibility[J].
University, 2016, 36(4): 103—108.

AR, R, PR W DI T A TR A 2 R BT
FC [J]. PR ML R =223, 2017, 37(1): 88-93,103.

Lei J R, Song X Q, Chen Z Z. Analysis on plant community

Journal of Southwest Forestry

diversity in Haikou City parks[J]. Journal of Southwest Forestry
University, 2017, 37(1): 88-93,103.

XU, JER, WRAEAE, S5 IR A AR E XA RS RS
Tcfiti i SR ARARRAE [J]. EARORY ], 2023, 3(4): 1-10.

Liu Q, Zhou Z, Chen D X, et al. Carbon storage and its change
characteristics of forest ecosystems in National Park of Hainan
Tropical Rainforest, China[J]. Natural Protected Areas, 2023,
3(4): 1-10.

WR2ER, ATHE, ), 45, MR 5 A XA SRR X SR
S I 75 AR A0 LG BRI A (D). 76 b bR 2 B 5 4R, 2023, 38(1):
181-189.

Chen S T, Fu H, Fu G, et al. Comparison of spatial-temporal
dynamics of the landscape patterns of 5 national nature reserves in
Hainan Province[J]. Journal of Northwest Forestry University,
2023, 38(1): 181-189.

VLI, SIEW, (e R, S5 3T S OUARRE AL AR B PU XU N AR
BREKFWESIL (1] A, 2022, 42(8): 1363-1375.

Shen R, Shi Z T, He G X, et al. Construction and optimization of
the ecological security pattern of Xishuangbanna based on
fragmentation index[J]. Tropical Geography, 2022, 42 (8):
1363—-1375.

TR, SRR, A5, JE T L AR A 1 R ST T B 2 5%
WA R AR 5 A 2 2 2 VRN (D). RS R, 2023, 43(22):

9471-9485.

Cheng Y, Guan Y H, Wu X Q. The spatial and temporal evolution
of landscape pattern and landscape ecological security assessment
in Karst Fault Basin based on land use change[J]. Acta Ecologica
Sinica, 2023, 43(22): 9471-9485.

Lei J R, Chen Y Q, Li L M, et al. Spatiotemporal change of
habitat quality in Hainan Island of China based on changes in land
use[J]. Ecological Indicators, 2022, 145: 109707.

Wu W Y, Zhang J, Sun Z Y, et al. Attribution analysis of land
degradation in Hainan Island based on geographical detector[J].
Ecological Indicators, 2022, 141: 109-119.

A N RBUT. (R N RBUG R T SEHR HHE K TR
FHFEINEF (2003) 49 5) [EB/OL]. (2003-09-03) [2024~

[26]

[27]

(28]

[29]

(30]

(31]

(32]

[33]

11-20]. https://www.hainan.gov.cn/zfgbhtml/detail.html?id=
7263.
The People’s Government of Hainan Province. Several Opinions
of the People’s Government of Hainan Province on the
Implementation of the Project of Returning Farmland to Forest
(No. 49 Qiong Mansion [2003]) [EB/OL]. (2003—09—03). [2024—
11-20]. https://www.hainan.gov.cn/zfgbhtml/detail.htm1?id=
7263.
Tong X W, Wang K L, Yue Y M, et al. Quantifying the
effectiveness of ecological restoration projects on long-term
vegetation dynamics in the karst regions of Southwest China[J].
International Journal of Applied Earth Observation and
Geoinformation, 2017, 54: 105—113.
R T, KRV, BRI, &5, B0 AN R 23 X UL R
55k J FCHRZ) I3 [J]. FREERLE, 2024, 45(6): 3363-3374.
He M Z, Zhang L T, Wei Y Y, et al. Landscape pattern
vulnerability and its driving forces in different geomorphological
divisions in the middle Yellow River[J]. Environmental Science,
2024, 45(6): 3363—3374.
Zhang M Y, Wang K L, Liu H Y, et al. Effect of ecological
engineering projects on ecosystem services in a karst region: a
case study of northwest Guangxi, China[J]. Journal of Cleaner
Production, 2018, 183: 831-842.
[ 55 5. (1 558 55 T B R 4 [ 2 A Ty g DX R Rl 11 e e D1 R
(2010) 46 5) [EB/OL]. (2010-12-21) [2024~11-20]. https:/
www. gov.cn /gongbao/content/2011/content 1884884.htm.
The State Council. Notice of The State Council on Printing and
Distributing the National Plan for Functional Zones (No. 46
Government [2010]) [EB/OL]. (2010—12-21). [2024—11-20].
https://www. gov.cn/gongbao/content/2011/content 1884884.htm.
fe Bk, VR, & F 5, 55 2T MODIS ﬂ’méﬁ ﬂﬁl_iit Jit
HLRE TP R A I (1] B A BTURRE IR, 2022, 34(2):
203-214.
Zuo L, Sun L G, Lu J J, et al. MODIS-based comprehensive
assessment and spatial-temporal change monitoring of ecological
quality in Beijing-Tianjin-Hebei region[J]. Remote Sensing for
Natural Resources, 2022, 34(2): 203-214.
I, EVK, B, 25 25T PSRM BEAY () 5O B4 X AR 25 e
FHPEI 22548 (1], FRETRLE, 2023, 44(10): 5630-5640.
Wu S, Tian B, Gu S J, et al. Spatial-temporal evolution of
ecological vulnerability in Beijing-Tianjin-Hebei region based on
PSRM  model[J]. 2023, 44(10):
5630—5640.

Environmental  Science,
Jin Z H, Xiong C S, Luan Q L, et al. Dynamic evolutionary
analysis of land use/cover and ecosystem service values on
Hainan Island[J]. International Journal of Environmental Research
and Public Health, 2023, 20(1): 776.

Lin T, Xue X Z, Shi L Y, et al. Urban spatial expansion and its
impacts on island ecosystem services and landscape pattern: a
case study of the island city of Xiamen, Southeast China[J].
Ocean & Coastal Management, 2013, 81: 90—96.

( F1xE%m4%
FArp A

s B2 F 2

A E )


https://doi.org/10.3321/j.issn:1000-0933.2007.04.001
https://doi.org/10.3321/j.issn:1000-0933.2007.04.001
https://doi.org/10.12335/2096-8981.2022122001
https://doi.org/10.12335/2096-8981.2022122001
https://doi.org/10.3969/j.issn.1001-7461.2023.01.25
https://doi.org/10.3969/j.issn.1001-7461.2023.01.25
https://doi.org/10.1016/j.ecolind.2022.109707
https://doi.org/10.1016/j.ecolind.2022.109119
https://www.hainan.gov.cn/data/zfgb/2019/10/7263/
https://www.hainan.gov.cn/data/zfgb/2019/10/7263/
https://www.hainan.gov.cn/zfgbhtml/detail.html?id=7263
https://www.hainan.gov.cn/zfgbhtml/detail.html?id=7263
https://doi.org/10.1016/j.jag.2016.09.013
https://doi.org/10.1016/j.jag.2016.09.013
https://doi.org/10.1016/j.jclepro.2018.02.102
https://doi.org/10.1016/j.jclepro.2018.02.102
https://www. gov.cn /gongbao/content/2011/content_1884884.htm
https://www. gov.cn /gongbao/content/2011/content_1884884.htm
https://www. gov.cn /gongbao/content/2011/content_1884884.htm

	1 研究区概况与数据来源
	1.1 研究区概况
	1.2 数据来源
	1.3 研究方法
	1.3.1 土地利用转移矩阵
	1.3.2 景观格局指数
	1.3.3 景观生态安全指数
	1.3.4 景观生态安全评价标准
	1.3.5 空间自相关分析


	2 结果与分析
	2.1 土地利用动态变化
	2.1.1 土地利用结构变化
	2.1.2 土地利用类型转移

	2.2 景观格局变化分析
	2.2.1 土地利用类型水平
	2.2.2 景观水平

	2.3 景观生态安全格局时空演变
	2.3.1 景观生态安全指数分析
	2.3.2 景观生态安全空间自相关分析


	3 讨　　论
	4 结　　论
	参考文献

