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Abstract: This study of Hainan Island, based on three periods of land use/cover data from 2008,
2013, and 2017, uses the intensity analysis model and landscape pattern index to portray the dynamic
changes of land use on the island and a quantitative analysis of the spatial and temporal evolutionary
characteristics of ecosystem service values (ESV) based on the equivalent factor method. At the same
time, the response of ESV to landscape pattern changes is explored. The results indicate: (1) From
2008 to 2017, the cultivated land in the coastal areas around Hainan Island continued to expand,
which squeezed out forest land and reduced its area. The growth of built-up areas in Haikou City
and Sanya City was more dramatic. (2) A weakening trend in the intensity of land use on Hainan
Island during the study period. There were significant changes in cultivated land, grassland, and bare
land, with forest land, grassland, and water bodies transformed into cultivated land. Built-up areas
increased mainly through the occupation of cultivated land, grassland, and water bodies. (3) The
fragmentation of landscape patches and the diversity of landscapes on Hainan Island increased, with
the distribution of landscape types tending to be balanced. (4) From 2008 to 2017, the overall ESV of
the island showed an initial decrease before increasing; the main spatial distribution characteristic of
the ESV was “high in the central and low in the surroundings”. (5) The mean patch area, the Shannon
diversity index, and the largest patch index showed clear positive correlations to ESV.
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1. Introduction

Since the reform and opening up of China, there has been a period of rapid develop-
ment, of industrialization, and urbanization, with great achievements in all aspects of the
social economy. However, at the same time, these unsystematic patterns of development
have led to drastic changes in land use, and the ecological environment on which human
beings depend for their survival has been damaged. Against this background, urgent issues
for consideration are how to protect and restore the ecosystem, improve the supply of
ecosystem services, and ensure the sustainable development of society.

Ecosystem services are the goods and services that humans obtain directly or indirectly
from ecosystems, including provisioning, supporting, regulating, and cultural services [1],
all of which are highly relevant to human well-being. The estimation of ecosystem service
values (ESV) aims to quantify the strength of ecosystem services and is important in helping
people understand the status of natural capital, rationalizing future land use, promoting
relevant policies, and so on. Therefore, it has received great attention in recent years and
has become a research hotspot in ecology, geography, and other disciplines. Among the
estimation methods, the equivalence factor has been widely used by scholars at home
and abroad as it requires less data, is straightforward to operate and implement, and uses
more comprehensive and comparable assessment objects [2–4]. In 1997, Costanza et al. [5]
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established the ESV assessment model in Nature, and Xie et al. [6] modified the coefficients
for the specific situation in China to produce the “Table of Equivalent Factors of Terrestrial
Ecosystem Service Value in China”. Since then, a large number of domestic scholars have
made reference to the equivalent factor table measured by Xie Gaodi, revised it according to
the actual local conditions, and achieved rich research results in the evaluation of ecosystem
service values in many areas in China, such as ecologically fragile areas in the west [7,8],
important river basins [9,10], urban agglomerations [11–13] and key ecological function
areas [14–16].

Land cover change intensity analysis is an analytical method proposed by Professor Pontius’
research group at Clark University, USA. Based on the land cover transformation matrix, it can
comprehensively and systematically reveal the internal linkage of land cover change processes
and patterns from the two perspectives of transfer-in and transfer-out [17–19]. Compared to
other common land use and land cover change (LUCC) analysis models, it is a quantitative,
mathematical, and theoretical framework that can systematically quantify the internal
transformation status in the dynamic land use change process and examine the intensity
changes at time intervals and by land use types and transfer levels. Huang et al. [20]
applied the method for the first time to the Jiulong River Basin in southeastern China to
explore the region’s land use change process and patterns. Yang et al. [21] used a cross-
linked table of transformation patterns in an analysis of land use intensity in Wuhan City
to demonstrate the stability and systematic characteristics of the transformation of each
land use type. Deng et al. [22] used this method to analyze the evolution characteristics of
production-living-ecological spaces in Hengyang City.

Landscape pattern can be understood as the characteristics of land use/cover in spatial
distribution, which can reflect the behavior of potential human activities. It has gradually
become one of the main analytical tools for land use/cover change research. At present,
the studies of landscape pattern evolution and the response of ESV under land use change
have been relatively rich and deep, but the traditional LUCC analysis models are still
widely used [23,24]. In most LUCC analyses using the intensity analysis model, very few
studies also consider the interaction between landscape pattern and regional ESV [10].
Therefore, it is important to make use of the advantages of intensity analysis models to
compensate for the shortcomings of other LUCC analysis models before conducting an
in-depth exploration of the response relationship with landscape pattern and ESV.

In 2008, the government of Hainan Province officially launched the International
Tourism Island Construction Plan, and under its influence, land use/cover and ESV in
the region changed significantly. In order to rule out any possible impact of the 2018
Hainan Free Trade Port Strategy, this study focuses on the changes of land use/cover
and ESV on Hainan Island during the international tourism island construction period
between 2008 and 2017. Based on the land use/cover data of the three phases of 2008,
2013, and 2017, the intensity analysis model and the landscape pattern indices were used
to jointly depict the dynamic changes of land use on the island. Subsequently, based on
the equivalence factor method, the temporal and spatial evolution characteristics of the
ESV were analyzed, and the relationship between the landscape pattern and the ESV was
explored. The purpose of this article is to fill the research gap in the overall land use
change and ecosystem service values assessment of Hainan Island under the background
of a specific development strategy, help people better recognize and understand the role
of local landscape pattern on ecosystem service functions, and provide reference for the
decision-making of ecological management and optimization.

2. Study Area and Data Sources
2.1. Overview of the Study Area

Hainan Province, consisting of the Hainan, Nansha, Zhongsha, and Xisha islands,
is located at the southernmost tip of China and is separated from Guangdong Province
by the Qiongzhou Strait in the north. The total land area of the province is 35,400 square
kilometers, of which Hainan Island is about 33,900 square kilometers. It is known as
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the second largest island in China after Taiwan. The terrain of Hainan Island is low and
flat around, and high in the middle. It has a tropical monsoon climate with abundant
precipitation, a year-round stable forest cover of over 60%, a wide variety of plants, and
one of the highest quality ecological environments in China. Due to the combination of
natural and transportation conditions and historical development, its main population and
socio-economic activities are mostly distributed in the eastern coastal areas, Haikou City in
the north, and Sanya City in the south. As Sansha City functions as the center of national
defense, this article delineates the study area to be 18 cities and counties in Hainan Island
(Figure 1).
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Figure 1. Overview of the study area.

2.2. Data Sources

The land use/cover data of Hainan Island for 2008, 2013, and 2017 and the national
county-level administrative boundary vector data were obtained from the Resource and
Environment Science Data Center of the Chinese Academy of Sciences (http://www.resdc.cn/,
accessed on 1 November 2021. The former had a spatial resolution of 30 m. With reference
to GB/T 2010–2017 “Status of Land Use Classification,” based on ArcGIS 10.8 software, the
land use/cover was reclassified into six categories: cultivated land, forest, grassland, water
bodies, bare land, and built-up area, and the county-level boundary vector data were
uniformly projected to WGS_1984_UTM_Zone_49N. In addition, the statistical data of
grain output value, grain price, Engel’s coefficient, and the urban-rural population ratio
used in the calculation of ESV for each year were obtained from the China Statistical
Yearbook, the Statistical Yearbook of Hainan Province, the Statistical Bulletin of National
Economic and Social Development of Hainan Province, and relevant government websites.

3. Research Methods
3.1. Intensity Analysis

The intensity analysis model expresses the intensity of change of each land use type in
different time periods in a bottom-up, cascading, quantitative manner using three levels:
the time interval level, the feature type level, and the transfer level [25].

3.1.1. Time Interval Level

Interval-level intensity analysis can reflect the overall land use change within each
time interval by calculating the annual average land use change intensity St for each time
interval and comparing it with the total change intensity U for the whole study period
to derive whether the rate of change is fast or not. If the land use change within the time
interval is rapid, then St > U; if the land use change within the time interval is slow, then

http://www.resdc.cn/
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St < U; if the land use change shows absolute stability within the study period, then St = U.
The formula for the time interval level is:

St =
∑J

j=1

[(
∑J

i=1 Ctij

)
− Ctij

]
(Yt+1 −Yt)

(
∑J

j=1 ∑J
i=1 Ctij

) × 100% (1)

U =
∑T−1

t=1

{
(Yt+1 −Yt)∑J

j=1

[(
∑J

i=1 Ctij

)
− Ctij

]}
(YT −Y1)∑T−1

t=1

[
(Yt+1 −Yt)

(
∑J

j=1 ∑J
i=1 Ctij

)] × 100% (2)

where i is the land use type at the initial time node of the time interval; j is the land use
type at the final time node of the time interval; J is the number of land use types; t is the
time nodes on the time interval [Yt, Yt+1]; T is the total number of time nodes; Yt is the year
corresponding to time node t; Ctij is the number of elements transferred from land type i to
land type j in the time interval [Yt, Yt+1], i.e., the increase in land type j; St is the average
annual intensity of change in the time interval [Yt, Yt+1]; and U is the total intensity of land
use change in the whole study period.

3.1.2. Feature Type Level

Feature-type-level intensity analysis is based on the change area of each land use type,
calculating and analyzing the increase or decrease in area of each land use type and the
corresponding intensity change magnitude, and comparing this with the annual average
change intensity to derive whether the increase or decrease in area change of each land use
type is active or not. If the intensity change in the increase or decrease of land use types in a
certain time period is active, then Lti > St or Gtj > St; if it is relatively stable, then Lti < St or
Gtj < St; if it is absolutely stable, then Lti =St or Gtj St. The formula for feature type level is:

Lti =

[(
∑J

j=1 Ctij

)
− Ctii

]
/(Yt+1 −Yt)

∑J
j=1 Ctij

× 100% (3)

Gtj =

[(
∑J

i=1 Ctij

)
− Ctjj

]
/(Yt+1 −Yt)

∑J
i=1 Ctij

× 100% (4)

where Ctii is the area that shifted from land use type i at the beginning of the period to land
use type i at the end of the period in the time interval [Yt, Yt+1], i.e., the area that has not
changed; Ctjj is the area transferred from land use type j at the beginning of the period
to land use type j at the end in the time interval [Yt, Yt+1]; Lti is the average annual loss
intensity of land use type i in the time interval [Yt, Yt+1] relative to time t; Gtj is the average
annual increase intensity of land use type j in the time interval [Yt, Yt+1] with respect to
time t + 1.

3.1.3. Transfer Level

Transfer-level intensity analysis can reflect the direction and degree of the conversion
between different land use types in a given time interval. When the transfer intensity
Rtin > average increase intensity Wtn, this indicates that the increase of land use type n
may originate from the occupation of land use type i. When Rtin < Wtn, it indicates that
the increase of land use type n avoids the occupation of land use type i. When the transfer
intensity Qtmj > average increase intensity Vtm, it indicates that the decrease of land use
type m may transform into land use type j. When Qtmj < Vtm, it indicates that the reduction
of land use type m is not transformed into land use type j. The formula for the transfer
level is:

Rtin =
Ctin/(Yt+1 −Yt)

∑J
j=1 Ctij

× 100% (5)
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Wtn =

[(
∑J

i=1 Ctij

)
− Ctnn

]
/(Yt+1 −Yt)

∑J
j=1

[(
∑J

i=1 Ctij

)
− Ctnj

] × 100% (6)

Qtmj =
Ctmj/(Yt+1 −Yt)

∑J
i=1 Ctij

× 100% (7)

Vtm =

[(
∑J

j=1 Ctmj

)
− Ctmm

]
/(Yt+1 −Yt)

∑J
i=1

[(
∑J

j=1 Ctij

)
− Ctim

] × 100% (8)

where Ctin is the area of land use type n that shifted from land use type i at the beginning
of the period to land use type n at the end in the time interval [Yt, Yt+1]; Ctnn is the area
of land use type n that does not change in land use type during the study time interval;
Rtin is the average annual transfer-in intensity of land use type i transferring to land use
type n during the time interval [Yt, Yt+1] relative to time t (i 6= n); Wtn is the average annual
equilibrium transfer intensity of all non-n land use types transferring to land use type n
during the time interval [Yt, Yt+1] relative to time t; Ctmj is the area transferred from land
use type m at the beginning of the period to land use type j at the end in the time interval
[Yt, Yt+1]; Ctmm is the area of land use type m that does not change in land use type during
the study time interval; Qtmj is the average annual transfer-out intensity of land use type
m transferring to land use type j in the time interval [Yt, Yt+1] relative to land use type j at
time t + 1 (j 6= m); Vtm is the average annual equilibrium transfer intensity of land use type
m transferring to non-m land use types in [Yt, Yt+1] relative to all non-m land use types at
time t + 1.

This study borrowed ideas from the cross-linked table of two land conversion patterns
of area increase and decrease pioneered by Wang et al. [10]. As shown in Figure 2, each
horizontal row of 1© and 2©, respectively, represents the two time intervals for 2008–2013
and 2013–2017, and the color represents whether the land use type j tends to or avoids
conversion to land use type i. The light green, indicating that the conversion of land use
type j to land use type i shows low avoidance in the corresponding time interval, while
dark green indicates high avoidance. Similarly, yellow and red, respectively, represent a
low or high tendency of land use type j to be transformed into land use type i. The colorless
part has two meanings: one is that its corresponding land use types i and j are the same,
that is, this part of the land has not undergone land use type transformation. The other is
that its corresponding land use types i and j are not the same, but the area converted from
land use types j to i is 0 in the corresponding time interval.
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3.2. Landscape Pattern Analysis

The landscape index is a quantitative indicator of the characteristics of the structural
composition and spatial configuration of the landscape pattern. It establishes the connec-
tion between landscape structure and the process or phenomenon and can better explain
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landscape function [26]. In order to comprehensively reflect the landscape pattern char-
acteristics of Hainan Island, the number of patches (NP), mean patch area (AREA_MN),
Shannon diversity index (SHDI), Shannon evenness index (SHEI), aggregation index (AI),
and spread degree (CONTAG) were selected at the landscape level. The patch density
(PD), mean patch area (AREA_MN), landscape shape index (LSI), the largest patch index
(LPI), and the interspersion and juxtaposition index (IJI) were selected at the level of land-
scape type with reference to the integration of the indicators selected in previous studies.
The above indexes can reflect the shape, area, fragmentation, diversity, aggregation, and
dispersion characteristics of the landscape of the study area in a comprehensive manner.

3.3. Ecosystem Service Values Assessment

Based on the standard equivalent factor table proposed by Xie [6], the assessment
model is as follows:

ESV = ∑i
i=1 ∑j

j=1 AiVCijSt (9)

where: ESV is the total ecosystem service values; i is the land use type; j is the function
of the ecosystem service; Ai is the area of the land use type i; VCij is the unit area value
equivalent factor (yuan/hm2) of the ecological service function j provided by land use type
I (i.e., the product of the single service value factor and a standard equivalent factor); and
St is the social development correction coefficient in year t.

A standard ecological service value equivalent factor (referred to as the standard
equivalent factor) is determined according to 1/7 of the economic value of food production
services provided by unit area farmland [27]. On this basis, in order to exclude the effects
through inflation or contraction and make the economic value of food comparable between
years, this study uses the year-by-year consumer price index of Hainan Province to correct
this, and the formula obtained is as follows:

Et =
1
7

Ut

Mt
(10)

Ut = U′t ∑t=2017
t+1 at (11)

at =
CPI
100

(12)

where Et is the economic value of one standard equivalent factor on Hainan Island in year t.
Ut is the constant value obtained by converting the total food production value of Hainan
Island in year t to the base year of 2017. Mt is the area under grain cultivation in Hainan
Island in year t. U′t is the actual total food production value for Hainan Island in year
t; and CPI is the consumer price index. The economic value of one standard equivalent
factor of Hainan Island at the three research time points is calculated as 1924.31 yuan/hm2,
1807.26 yuan/hm2 and 1974.21 yuan/hm2.

It should be noted that the magnitude of the ESV is closely related to the stage of social
development, which also influences people’s willingness to pay for ecosystem functions and
services [28,29]. In this study, the correction coefficient of social development is determined
according to the Peel growth curve model, and the specific formulae are as follows:

Q =
1

1 + ae−b( 1
En −3)

(13)

Q′ = Q1 × P1 + Q2 × P2 (14)

St =
Q′study area

Q′country
(15)

where: Q is the coefficient of social development related to willingness to pay; generally
constants a and b are 1; En is the Engel coefficient; and e is the natural constant; Q1 and
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Q2 respectively denote the urban and rural social development coefficient; P1 and P2
respectively denote the urban and rural population in the total population; Q′study area and
Q′country are the comprehensive social development coefficients of Hainan Island and the
whole nation; St is the social development correction coefficient in year t.

Based on the actual land use types on Hainan Island, the coefficients of paddy fields
and broad-leaved forests in the equivalent table are taken for cultivated land and forest in
the calculation process. Grassland takes shrub’s coefficient, and the coefficients of water
systems and wasteland are taken for water bodies and bare land.

3.4. Geodetector

Geodetector is a set of statistical methods for detecting spatial heterogeneity and the
driving forces behind it. The magnitude of the explanatory power (i.e., q-value) of each
driver on the distribution of the dependent variable can be detected quantitatively through
spatial heterogeneity on the basis of almost no assumptions [30]. In this study, the response
of city- and county-scale ESV to changes in landscape patterns was analyzed using the
geodetector model with the following equation:

q = 1− ∑L
h=1 Nhσ2

h
Nσ2 (16)

where: q is the magnitude of the explanatory power of the potential drivers (i.e., the
10 landscape pattern indices selected in this study) on the dependent variable (i.e., the
value of ecosystem services in each city and county), and the larger the q value, the greater
the influence of the drivers on the dependent variable and vice versa; L denotes the
stratification of the drivers and the dependent variable, which in this study specifically
refers to each city and county on Hainan Island; N and Nh are respectively the number of
samples in the whole area and sub-region of the study area; σ2 and σ2

h denote the variance
of the whole region and sub-region.

4. Results and Analysis
4.1. Analysis of Land Use Change
4.1.1. Spatial Change in Land Use

From 2008 to 2017, the overall land use change on Hainan Island showed a trend of
cultivated land and built-up area increasing and forest land decreasing. As can be seen
from Figure 3, the expansion of cultivated land in the surrounding coastal areas crowded
out forest land and reduced its area, especially in the north. The built-up area showed
a slight increase overall, but the growth was relatively dramatic in Haikou City in the
north and Sanya City in the south. The area of the remaining three types did not change
significantly during the study period.

4.1.2. Analysis of the Intensity of Land Use Change
Intensity Analysis at the Time Interval Level

The change area and intensity of land use at the time interval level on Hainan Island
during the study period both showed a decrease. The change area at the interval from
2008–2013 was significantly higher than that from 2013–2017, at 8.99% and 6.93%, respec-
tively (left half of Figure 4). The average change intensity of land use in the two-time
intervals showed a slight decreasing trend (right half of Figure 4), where the intensity of
land use change in 2008–2013 was higher than the average intensity of the whole study
period, indicating that the change in land use intensity during this time interval was rapid.
The intensity of land use change in 2013–2017 was lower than the average intensity of the
whole study period, thus showing a slow change.
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Intensity Analysis at the Feature Type Level

In this study, the increase in cultivated land and the decrease in forest land were
the highest area changes, while the smallest area change was seen in bare land, which
was almost negligible (left half in Figures 5 and 6). The difference between the transfer
in and out of cultivated land and forest from 2008–2013 was not significant; however,
the decrease in cultivated land and the increase in forest land during 2013–2017 slowed
rapidly, resulting in a significant increase in the area of cultivated land and a decrease in
the area of forest. The change intensity in both the increase and decrease of cultivated land,
grassland, and bare land during the study period was consistently greater than the average
change intensity, indicating that they were all more active. In contrast, the increase and
decrease in the change intensity of forest land during the same period were lower than
the average, with the amount of forest remaining relatively stable. Although the average
annual increase and decrease in area of forest land were the highest, the intensity of change
was not significant due to its large base figure. In addition, the increase in intensity of the
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built-up area was higher than the average intensity, however, the decrease in intensity was
much smaller than average, reflecting its relatively active state.
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Intensity Analysis of the Transfer Level

The transformation of land use types on Hainan Island during the study period was
substantial (Figures 7 and 8). From 2008 to 2017, the transformation between different
land use types was mainly from cultivated land and water bodies to built-up areas and
the mutual transformation between grassland, water bodies, and cultivated land. Most
of the increase in cultivated land area was due to the occupation of grassland and water
bodies, and the increase in the built-up area was mainly due to the decrease in cultivated
land, grassland, water bodies, and bare land. In contrast, the area of forest was more stable,
with little change in increase and decrease as a result of its large area base.
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Figure 7. Cross-linked table of land use change patterns at the transfer level on Hainan Island—
increase in land area, 2008–2017.
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4.2. Analysis of the Evolution of Landscape Pattern
4.2.1. Landscape Level Analysis

As can be seen from Figure 9, trends in the number of patches and the mean patch
area of Hainan Island reversed during the study period, with the former showing a decline
followed by a rise and the latter a rise followed by a decline. Both the spread degree and
aggregation index characterize the aggregation status of different landscape types. These
showed a decreasing trend overall, indicating that the aggregation of landscape patches in
Hainan Island continued to weaken and the fragmentation degree increased. The trends of
the Shannon diversity index and Shannon evenness index were more or less the same, both
showing a continuous increase, indicating that the landscape diversity in the study area
increased, and that the distribution of each landscape type tended to be balanced.

4.2.2. Landscape Type Level Analysis

By analyzing the landscape indices of different land use patch types (Figure 10), it was
seen that the patch density of forest was gradually increasing, while its mean patch area
was gradually decreasing; this showed that the patch fragmentation degree of the forest
landscape was continuously aggravating. Meanwhile, the largest patch index showed that
the forest landscape was dominant in the study area, although its position was gradually
declining. This might be due to the fact that, since the construction of the international
tourism island, major projects have been launched, resulting in the dramatic increase of
demand for land. Thus, the intensity of human exploitation activities on forest land saw a
notable increase, with many large patches divided into smaller ones, leading to an increase
in the fragmentation degree of forest patches. The landscape shape index of cultivated
land was significantly higher than that of other land use types and showed an increasing
trend overall, which indicated that the patch shape of cultivated land was becoming more
complex. From 2008 to 2017, the interspersion and juxtaposition indices of each landscape
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type showed an increasing trend, indicating that the richness of each neighboring landscape
type increased.
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4.3. Analysis of Dynamic Changes in Ecosystem Service Values
4.3.1. Spatial Variation

In this paper, a 30 m × 30 m raster was used as the basic research unit to explore the
spatial variation pattern of ESV on Hainan Island, and we used the Natural Jecks method
to classify the ESV into 5 grades: low, relatively low, medium, relatively high, and high
in ArcGIS 10.8 software, according to the three periods of ESV on Hainan Island. Finally,
we got the spatial distribution of ESV grades on Hainan Island for 2008, 2013, and 2017
(Figure 11).
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From Figure 11, the basic spatial distribution pattern of ESV grades on Hainan Island
was relatively stable, showing the overall spatial distribution characteristic of “high in
the middle and low in the surroundings”. Medium and relatively high ESV-grade areas
accounted for the largest proportion. The relatively high-grade areas were mainly located
in the mountainous areas with extensive forests in the central part, while the medium
grade areas were concentrated in the coastal areas around Hainan Island. The low- and
high-grade areas were scattered, with the former being most concentrated in Haikou City in
the north and Sanya City in the south, while the latter was mainly distributed in the south of
Danzhou City, the east of Dongfang City, and the west of Ledong City. The spatial variation
of ESV on Hainan Island during the study period corresponded to the spatial variation of
local land use. The corresponding ESV coefficients of cultivated land are lower than those
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of forest land, so the encroachment of cultivated land on forest land within 2008–2017 made
the scope of relatively high-grade areas gradually shrink inward. Meanwhile, the range of
medium-grade areas continuously expanded, which was most evident in Chengmai City,
Haikou City, and Wenchang City in the north.

4.3.2. Time Variation

Analysis of the time scale showed that the overall ESV of Hainan Island initially
decreased and then increased in general, with a lower ESV at the end of the study period
than at the beginning. Regulation and support services have always been the core functions
of ecosystem services on Hainan Island (Table 1).

Table 1. Time changes in the ecosystem service values of Hainan Island/10,000 yuan.

Primary
Services Secondary Services 2008 2013 2017

Supply Services

Food production 288,551 201,543 274,915
Raw material production 248,658 171,341 213,660

Water supply −146,593 −103,435 −176,929
Total value of supply

services 390,616 269,449 311,646

Proportion 3.9% 3.9% 3.7%

Regulation
Services

Gas regulation 924,299 638,420 810,563
Climate regulation 2,407,445 1,658,369 2,062,348

Purifying the environment 760,017 525,103 653,073
Water regulation 2,984,338 2,093,598 2,646,761

Total value of reconciliation
services 7,076,099 4,915,490 6,172,745

Proportion 71.9% 72.1% 72.5%

Support Services

Soil conservation 952,660 655,726 811,387
Nutrient cycling 96,648 66,904 86,338

Biodiversity 908,371 626,220 778,739
Total value of support

services 1,957,679 1,348,850 1,676,464

Proportion 19.9% 19.8% 19.7%

Cultural Services
Aesthetic Landscape 406,310 280,352 348,599

Proportion 4.1% 4.1% 4.0%

Total 9,830,704 6,814,141 8,509,454

Specifically, among the primary services, the only one showing negative values was
the water supply service. The reason for this was that the coefficient of water supply service
for cultivated land was 2.63, gradually increasing in quantity, especially in the period from
2013 to 2017. The proportion of water bodies that had the highest coefficient of water supply
service was much lower than that of cultivated land and fluctuated during the study period.
As a result, the values of the service decreased much more than they increased, always
presenting negative values and showing a high negative growth rate between 2013 and
2017. The proportion of values generated by all primary types of services changed slightly,
indicating that various ecosystem services on Hainan Island were relatively stable during
this period. The proportion of regulation services always maintained a level above 70%,
followed by support services, while cultural and supply services had smaller proportions.
From the analysis of numerical characteristics, the change trend of overall values of the
four service types was consistent, all initially showing a decline before increasing. The
values at the end of the period were lower than at the beginning, with the highest value of
all types of services recorded in 2008 and the lowest value in 2013.

Forest land contributed more ESV than other land use types, followed by water bodies
(Table 2). The contribution of grassland and bare land was almost negligible. From 2008
to 2013, changes in forest land led to the largest decrease in ESV (−25.350 billion yuan),
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followed by water bodies (−3.187 billion yuan) and cultivated land (−1.508 billion yuan);
changes in other land use types led to a weak decreasing trend in ESV. From 2013 to 2017,
the ESV contributed by most land use types showed a rebounding trend, with the most
significant growth trend of ESV for forest land (13.314 billion yuan), and only the ESV
contributed by grassland still presenting negative growth during this period. Between 2008
and 2017, except for cultivated land, the ESV of all other land use types presented negative
growth, which was related to the steady increase in the area of cultivated land.

Table 2. Changes in ecosystem service values of various land use types on Hainan Island, 2008–2017.

Land Use Types
Total ESV/Billion ESV Change/Billion

2008 2013 2017 2008–2013 2013–2017 2008–2017

Cultivated land 50.88 35.80 51.59 −15.08 15.79 0.71
Forest 814.35 560.85 693.99 −253.50 133.14 −120.36

Grassland 2.01 0.81 0.80 −1.20 −0.01 −1.21
Water bodies 115.82 83.95 104.56 −31.87 20.61 −11.26

Bare land 0.01 0.00 0.00 −0.01 0.00 −0.01
Total 983.07 681.41 850.94 −301.66 169.53 −132.13

4.4. Relationship between Landscape Pattern and Ecosystem Service Values

Results from the geodetector showed a variability in the degree of influence of different
landscape pattern indices on the changes in the ESV of Hainan Island (Table 3). It was seen
that the q-values of four factors, NP (number of patches), PD (patch density), CONTAG
(spread degree), and AI (aggregation degree), were all less than 0.1, indicating their weak
explanatory effects on the dependent variable. Among the remaining six factors, the ranking
of the influence degree of each factor on ESV, in descending order, was AREA_MN (mean
patch area) > SHDI (Shannon diversity index) > LPI (largest patch index) > IJI (interspersion
and juxtaposition index) > SHEI (Shannon evenness index) > LSI (landscape shape index).
The q-values of these driving factors were all greater than 0.1, having a certain explanatory
effect, with the q-values of AREA_MN, SHDI, and LPI being significantly higher than the
others, indicating that these had stronger influences on the regional ESV. Consequently, the
increase in area of each patch, the tendency of the landscape to diversity, and the increase in
the area of dominant landscape patches in the study area would contribute to an increase in
the ESV of the island. From the significance results, the p-values of all three factors passed
the significance test of 0.05, indicating that the detection result was relatively reliable.

Table 3. Geodetector results.

Detection Factor NP PD LPI LSI AREA_MN CONTAG IJI SHDI SHEI AI

q-value 0.07 0.09 0.25 0.13 0.41 0.05 0.16 0.36 0.14 0.04
p-value 0.36 0.63 0.04 0.15 0.00 0.74 0.68 0.00 0.81 0.16

5. Discussion
5.1. Analysis of the Causes of Land Use Intensity Change

On the time interval level, the overall intensity of land use change in Hainan Island
from 2013–2017 was slightly lower than that of 2008–2013, when the intensity of increase
in built-up areas showed the same downward trend as the overall intensity. The reason
was that the study period coincided with the height of the international tourism island
construction, when Hainan was making great efforts to improve the quality of its tourism
services, to create a tourism industry system with regional characteristics, and to reach
an internationally advanced level. Within this development context, in order to improve
tourism-related facilities to meet the high-quality needs of future domestic and foreign
tourists, it was inevitable that some ecological land would be part of this development,
resulting in significant changes in the nature of the surface features. The first half of the
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study period, 2008–2013 was also the early stage of construction of the international tourism
island. At this time, multiple favorable policies were implemented as the development
of tourism accelerated. The need for coastal resorts, rural tourism, characteristic towns,
and related cultural and creative industries, meant various large-scale facilities supporting
tourism were built on the island, leading to an initial rapid change in land use. In later
stages of development, the average annual growth rate of tourist traffic lagged behind
that of the tourism industry, and the number of these facilities proved to be excessive.
As a result, the pace of construction of the international tourism island subsided, the
intensity of development activities weakened, and the rate of land use change showed a
corresponding decline.

The results at the feature type level suggest that the significant increase in cultivated
land and the decrease in forest land between 2013 and 2017 were caused by the grow-
ing national emphasis on food security that occurred after the 18th National Congress.
With greater protection of cultivated land, local governments across the country issued a
series of policy documents to implement the strictest cultivated land protection system,
and Hainan Province was no exception. As the responsibility of local governments for
cultivated land protection grew, in order to complete the appraisal tasks of obligatory
targets, they inevitably ignored the protection of other ecological land. Hainan was an
ecological province with rich forest resources, but due to insufficient attention paid to
them, deforestation for cultivated land reclamation and encroachment on forests gradually
decreased their numbers.

5.2. Response of Ecosystem Service Values to Changes in Landscape Pattern

Land use/cover change caused changes in landscape pattern, which in turn affected
ecosystem material cycles and energy flows, resulting in changes in ESV in the study area.
Therefore, in order to better guide the sustainable development of regional ESV, it is neces-
sary to consider the evolution of landscape patterns in addition to the quantitative changes
in regional land use types. Cen Xiaoteng [31] analyzed the relationship between ESV and
landscape pattern in the south coast area of Hangzhou Bay and found that the richer the
land use, the more fragmented the landscape, and the higher the degree of diversity, which
is conducive to improving the overall service values. Zheng et al. [32] took Gannan as an
example to study the impact of landscape pattern changes on ESV and concluded that total
ESV showed a strong positive correlation with CONTAG and was negatively correlated
with SHDI. Zhang et al. [33] analyzed the response of ESV to the evolution of the landscape
pattern in Shishou City and found that ESV was significantly positively correlated with
AREA_MN, SHDI, and NP. In this paper, it is found that AREA_MN, SHDI, and LPI have a
large impact on regional ESV, indicating that high contiguity of patches and diversification
of landscape types may have positive effects on ecosystem service values, which is basically
consistent with Zhang et al. According to many scholars’ research, different research time
points, scale effects, and regional differences may make the impact of landscape pattern
indices on ecosystem service values heterogeneous [34–36].

5.3. Related Policy Recommendations

In order to further improve the supply of ecosystem services on Hainan Island, it is
necessary to plan and manage the natural resources and human activities in a scientific and
rational way. On the one hand, based on the major influences of both the mean patch area
and largest patch index on the ESV, it is recommended to enhance the concentration and
contiguity of cultivated land by reclaiming scattered, inefficient construction land between
fields and organizing agricultural land. At the same time, it is also necessary to pay
attention to the construction of nature reserves so they continue to exert an ecological effect.
Hainan is an ecological province with a large number of nature reserves over a vast area,
but deforestation for cultivated land reclamation and encroachment on forests and wetlands
are still serious issues. We expect that the local government will soon issue provincial
guidelines for the management of nature reserves to strictly control land development and
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utilization activities within the scope of nature reserves, curbing landscape fragmentation
and ecological benefit loss. On the other hand, the diversification of landscape types will
also have a positive effect on ESV; therefore, governments ought to establish a holistic view
of the ecosystem and promote integrated management of “mountain, water, forest, field,
lake and grass”. A systematic approach is needed, with coordinated protection of all kinds
of ecological land. In this way, an annual increase in ESV is possible by maintaining stability
to achieve the future coordinated and sustainable development of the social, economic, and
ecological environments on Hainan Island.

6. Conclusions

Taking Hainan Island as the research object, based on three periods of land use/cover
data from 2008, 2013, and 2017, this study used the intensity analysis model and landscape
pattern index to jointly portray the dynamic changes of land use on the island, followed by
quantitative analysis of the spatial and temporal evolution characteristics of ESV based on
the equivalent factor method. Simultaneously, the response of ESV to landscape pattern
changes was explored in order to provide reference for the decision-making of ecological
management and optimization. This article offers the following conclusions:

(1) From 2008 to 2017, the overall land use variation on Hainan Island showed a trend of
cultivated land and built-up area increasing and forest land decreasing. The cultivated
land in the surrounding coastal areas continued to expand, crowding out forest land
and reducing its area. The growth of built-up areas in Haikou City and Sanya City
was more dramatic.

(2) The intensity of land use change on Hainan Island during the study period showed a
weakening trend. Changes in the area of cultivated land, grassland, and bare land were
significant, with the increase in cultivated land mainly caused by the transformation
of forest land, grassland, and water bodies. The increase in the built-up area was
mainly due to the occupation of cultivated land, grassland, and water bodies.

(3) The fragmentation of landscape patches and the diversity of landscapes on Hainan
Island increased, with the distribution of landscape types tending to be balanced.
From the landscape type level, the fragmentation of forest landscape patches was
increasing, and the patch shape of cultivated land was becoming increasingly complex.

(4) From 2008 to 2017, the overall ecosystem service values of Hainan Island showed a
trend of first decreasing and then increasing, with regulation and support services
being the core functions. The main spatial distribution characteristic of ESV on Hainan
Island was “high in the central and low in the surroundings”.

(5) The mean patch area, Shannon diversity index, and largest patch index had a signifi-
cant positive relationship with ESV, indicating that the increase in area of each patch,
the tendency of the landscape to diversity, and the increase if the area of dominant
landscape patches would contribute to the increase of the ESV on Hainan Island.

The following shortcomings of this study should be noted. First, the limited number of
time intervals causes almost no color change in the horizontal adjacent cells in the transfer
level intensity analysis; therefore, it is impossible to further assess the long term stability of
the transition from land use type i to land use type j. Second, the various service coefficients
of the built-up area are classified as zero when accounting for ESV, without considering its
potential negative impacts on regional ESV as ecosystem consumers. It is planned to use
the indirect market approach to effectively characterize the negative ESV brought by the
“three wastes” in further studies. Third, we do not consider the spatial heterogeneity of
ESV among “different fields of the same land use type”. It is intended to refine the ESV
estimation method by establishing a system of correction factors, including NPP, greenness,
humidity, and other indicators, in order to provide a methodological reference for future
GEP accounting in the region.



Int. J. Environ. Res. Public Health 2023, 20, 776 17 of 18

Author Contributions: Conceptualization, Z.J.; Data curation, Z.J.; Formal analysis, Z.J.; Funding
acquisition, C.X., Q.L. and F.W.; Investigation, Z.J. and C.X.; Methodology, C.X.; Project administration,
Q.L. and F.W.; Resources, C.X. and Q.L.; Supervision, Q.L. and F.W.; Visualization, Z.J.; Writing—
original draft, Z.J. and C.X.; Writing—review & editing, Z.J. and C.X. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by the Ministry of Education in China Key Projects of Philosophy
and Social Sciences Research [grant number 20JZD013], the National Natural Science Foundation
of China [grant number 72004049], the Ministry of Education in China Liberal Arts and Social
Sciences Foundation [grant number 20XJCZH009], the High-level Talents Program of the Hainan
Provincial Natural Science Foundation of China [grant number 2019RC122, 2019RC025], the Hainan
Provincial Natural Science Foundation of China [grant number 720QN241], and the earmarked fund
for CARS-31-15 (China Agriculture Research System).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Xie, G.; Lu, C.; Cheng, S. Advances in global ecosystem service valuation research. Resour. Sci. 2001, 23, 5–9. [CrossRef]
2. Ouyang, Z.; Wang, X.; Hong, M. A preliminary study of terrestrial ecosystem service functions and their ecological and economic

values in China. J. Ecol. 1999, 19, 607–613.
3. Bi, X.; Ge, J. Assessment of the value of terrestrial ecosystem service functions in China based on IGBP land cover types. J. Mt. Sci.

2004, 2004, 48–53. [CrossRef]
4. Zhang, Z.; Liu, J. Progress of research on ecosystem service value. J. Environ. Sci. 2011, 31, 1835–1842. [CrossRef]
5. Costanza, R.; d’Arge, R.; de Groot, R.; Farber, S.; Grasso, M.; Hannon, B.; Limburg, K.; Naeem, S.; O’Neill, R.V.; Paruelo, J.; et al.

The value of the world’s ecosystem services and natural capital. Nature 1997, 387, 253–260. [CrossRef]
6. Xie, G.; Zhang, C.; Zhang, L.; Chen, W.; Li, S. Improvement of the Evaluation Method for Ecosystem Service Value Based on Per

Unit Area. J. Nat. Resour. 2015, 30, 1243–1254. [CrossRef]
7. Xing, X.; Zhi, L.; Xie, Y.; Zhang, Y. Measurement of ecological service value of western Tianbao project area based on the value

equivalent factor method per unit area–a case study of six western provinces. Ecol. Econ. 2017, 33, 195–199.
8. Ma, L.; Zhang, F.; Zhai, Y.; Kang, J. Temporal and spatial evolution of ecosystem service value under land use change in Xinjiang

from 1980 to 2020. Arid. Land Geogr. 2022, 1–13. [CrossRef]
9. Wang, D.; Jing, Y.; Han, S.; Gao, M. Spatio-temporal relationship of land-use carbon emission and ecosystem service value in

Nansi Lake Basin based upon a grid square. Acta Ecol. Sin. 2022, 42, 9604–9614. [CrossRef]
10. Wang, Y.; Ding, J.; Li, X.; Zhang, J.; Ma, G. Effects of land use/cover change on ecosystem service values in the Ili River basin-based

on an intensity analysis model. Acta Ecol. Sin. 2022, 42, 3106–3118. [CrossRef]
11. Li, Z.; Jiang, W.; Wang, W.; Lv, J.; Deng, Y. Study on the dominant service functions of wetlands in Beijing-Tianjin-Hebei urban

cluster based on ecosystem service value. J. Nat. Resour. 2019, 34, 1654–1665. [CrossRef]
12. Ma, W.; Yang, F.; Wang, N.; Zhao, L.; Tan, K.; Zhang, X.; Zhang, L.; Li, H. Study on Spatial-temporal Evolution and Driving

Factors of Ecosystem Service Value in the Yangtze River Delta Urban Agglomerations. J. Ecol. Rural. Environ. 2022, 38, 1365–1376.
[CrossRef]

13. Chen, X.; Ding, W.; Li, X. Analysis of Cross-Sensitivity of Land Use Transition and Ecosystem Service Value of Urban Agglomera-
tion in Central Yunnan. Res. Soil Water Conserv. 2022, 29, 233–241. [CrossRef]

14. Wang, Z.; Xu, J. Impacts of land use evolution on ecosystem service value of national parks: Take Sanjiangyuan National Park as
an example. Acta Ecol. Sin. 2022, 42, 6948–6958. [CrossRef]

15. Deng, W.; Zhou, Y.; Zhang, Y.; Sun, R. Spatial and temporal evolution characteristics of ecosystem service values and their drivers
in the ecological protection red line area of Chongqing. Yangtze River Basin Resour. Environ. 2020, 29, 79–89. [CrossRef]

16. Liu, H.; Gao, J.; Liu, X.; Zhang, H.; Xu, X. Assessment of changes in ecosystem service values in national key ecological function
areas from 2010–2015. Acta Ecol. Sin. 2020, 40, 1865–1876. [CrossRef]

17. Pontius, R.G., Jr.; Gao, Y.; Giner, N.M.; Kohyama, T.; Osaki, M.; Hirose, K. Design and Interpretation of Intensity Analysis
Illustrated by Land Change in Central Kalimantan, Indonesia. Land 2013, 2, 351–369. [CrossRef]

18. Aldwaik, S.Z.; Pontius, R.G., Jr. Intensity analysis to unify measurements of size and stationarity of land changes by interval,
category, and transition. Landsc. Urban Plan. 2012, 106, 103–114. [CrossRef]

19. Akinyemi, F.O.; Pontius, R.G., Jr.; Braimoh, A.K. Land change dynamics: Insights from Intensity Analysis applied to an African
emerging city. J. Spat. Sci. 2016, 62, 69–83. [CrossRef]

http://doi.org/10.3321/j.issn:1007-7588.2001.06.002
http://doi.org/10.3969/j.issn.1008-2786.2004.01.009
http://doi.org/10.13671/j.hjkxxb.2011.09.010
http://doi.org/10.1038/387253a0
http://doi.org/10.11849/zrzyxb.2015.08.001
http://doi.org/10.12118/j.issn.1000-6060.2022.202
http://doi.org/10.5846/stxb202110062753
http://doi.org/10.5846/stxb202011202980
http://doi.org/10.31497/zrzyxb.20190807
http://doi.org/10.19741/j.issn.1673-4831.2022.0403
http://doi.org/10.13869/j.cnki.rswc.20220826.001
http://doi.org/10.5846/stxb202102230499
http://doi.org/10.11870/cjlyzyyhj202001008
http://doi.org/10.5846/stxb201903010382
http://doi.org/10.3390/land2030351
http://doi.org/10.1016/j.landurbplan.2012.02.010
http://doi.org/10.1080/14498596.2016.1196624


Int. J. Environ. Res. Public Health 2023, 20, 776 18 of 18

20. Huang, J.; Pontius, R.G., Jr.; Li, Q.; Zhang, Y. Use of intensity analysis to link patterns with processes of land change from 1986 to
2007 in a coastal watershed of southeast China. Appl. Geogr. 2012, 34, 371–384. [CrossRef]

21. Yang, J.; Gong, J.; Gao, J.; Ye, Q. Stability and systematic characteristics of land use change in national central cities–Wuhan city as
an example. Resour. Sci. 2019, 41, 701–716. [CrossRef]

22. Deng, Z.; Quan, B.; Qi, J.; Peng, K.; Fan, X. Intensity Analysis and Driving Forces of Pattern Evolution in Productive-Living-
Ecological Land: A Case Study of Hengyang City. Chin. J. Soil Sci. 2022, 54, 1–13. [CrossRef]

23. Wen, J.; Li, R. Temporal and spatial variation of ecosystem service value and its response to landscape pattern change in Guizhou
Province, China. Chin. J. Appl. Ecol. 2022, 33, 3075–3086. [CrossRef]

24. Liu, D.; Du, S.; Wang, C. Landscape Pattern Change and Its Response to Ecosystem Services Value in a Rural Tourism Area—A
Case Study at Taihu National Tourism Resort in Wuxi City of Jiangsu Province. Bull. Soil Water Conserv. 2021, 42, 264–275.
[CrossRef]

25. Song, H. Research on Land Use Change in Quanzhou City Based on Intensity Analysis. Master’s Thesis, Hunan University of
Science and Technology, Xiangtan, China, 2017.

26. Han, Y. Impacts of Climate and Landscape Pattern Changes on Ecosystem Services in the Qinghai Lake Basin. Ph.D. Thesis,
Qinghai Normal University, Qinghai, China, 2021.

27. Xie, G.; Lu, C.; Leng, Y.; Zheng, D.; Li, S. Valuation of ecological assets on the Qinghai-Tibet Plateau. J. Nat. Resour. 2003, 2,
189–196. [CrossRef]

28. Luan, W.; Cui, H. GIS-based assessment of potential sea level rise inundation losses in the Liaohe Delta. Geogr. Res. 2004, 23,
805–814. [CrossRef]

29. Xiao, Y.; Mao, X.; Yuan, D. The measurement of economic loss of water degradation and its application. Environ. Sci. Res. 2006, 19,
127–130. [CrossRef]

30. Fu, H.; Wang, J.; Wang, X. Spatial and temporal variation of NDVI in the Yellow River basin and analysis of driving forces from
1999–2018. Soil Water Conserv. Res. 2022, 29, 145–153+162. [CrossRef]

31. Cen, X. The Correlation Analysis and Optimization Study of Land Use Landscape Pattern and Ecosystem Service Value.
Ph.D. Thesis, Zhejiang University, Hangzhou, China, 2016.

32. Zheng, B.; Huang, Q.; Tao, L.; Xie, Z.; Ai, B.; Zhu, Y.; Zhu, J. Landscape pattern change and its impacts on the ecosystem services
value in southern Jiangxi Province. Acta Ecol. Sin. 2021, 41, 5940–5949. [CrossRef]

33. Zhang, X.; Guo, X. Response of Ecosystem Service Value Change to Landscape Pattern Evolution in Shishou City. J. Chin. Urban
For. 2022, 20, 61–68. [CrossRef]

34. Gu, Z.; Zhao, X.; Gao, X.; Xie, P. Change of landscape pattern and it’s evaluation of ecosystem services values in Lancang County.
Ecol. Sci. 2016, 35, 143–153. [CrossRef]

35. Zou, Y.; Zhou, X. Impact of landscape pattern change on ecosystem service value of Xi’an City, China. Chin. J. Appl. Ecol. 2017, 28,
2629–2639. [CrossRef]

36. Hu, Y.; Chen, D.; Fan, J.; Shi, Z. Evolution of landscape pattern around Taihu Lake and its influence on ecosystem services. Urban
Probl. 2021, 4, 95–103. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.apgeog.2012.01.001
http://doi.org/10.18402/resci.2019.04.08
http://doi.org/10.19336/j.cnki.trtb.2022061405
http://doi.org/10.13287/j.1001-9332.202211.020
http://doi.org/10.13961/j.cnki.stbctb.2021.05.035
http://doi.org/10.3321/j.issn:1000-3037.2003.02.010
http://doi.org/10.3321/j.issn:1000-0585.2004.06.011
http://doi.org/10.3321/j.issn:1001-6929.2006.06.025
http://doi.org/10.13869/j.cnki.rswc.20211118.001
http://doi.org/10.5846/stxb202006171548
http://doi.org/10.12169/zgcsly.2021.09.08.0002
http://doi.org/10.14108/j.cnki.1008-8873.2016.05.020
http://doi.org/10.13287/j.1001-9332.201708.009
http://doi.org/10.13239/j.bjsshkxy.cswt.210410

	Introduction 
	Study Area and Data Sources 
	Overview of the Study Area 
	Data Sources 

	Research Methods 
	Intensity Analysis 
	Time Interval Level 
	Feature Type Level 
	Transfer Level 

	Landscape Pattern Analysis 
	Ecosystem Service Values Assessment 
	Geodetector 

	Results and Analysis 
	Analysis of Land Use Change 
	Spatial Change in Land Use 
	Analysis of the Intensity of Land Use Change 

	Analysis of the Evolution of Landscape Pattern 
	Landscape Level Analysis 
	Landscape Type Level Analysis 

	Analysis of Dynamic Changes in Ecosystem Service Values 
	Spatial Variation 
	Time Variation 

	Relationship between Landscape Pattern and Ecosystem Service Values 

	Discussion 
	Analysis of the Causes of Land Use Intensity Change 
	Response of Ecosystem Service Values to Changes in Landscape Pattern 
	Related Policy Recommendations 

	Conclusions 
	References

