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Abstract: The coordinated development of the territorial spatial pattern and its function is an
important prerequisite for the realization of regional high-quality development. This paper aims to
reveal the evolutionary characteristics of the spatial–temporal pattern and the coupling coordination
level of the “production-living-ecological” spaces (PLES) in Jilin Province from 1998 to 2018 by using
the entropy method, a coupling coordination model and spatial analysis methods, and proposes
the optimization paths for the four regions of the province. The results indicate that the scale of the
ecological space was the largest, mainly concentrated in the eastern region. The production space
was mainly concentrated in the central and western regions, and the scale of the living space was
the smallest, but increased slightly, mainly concentrated in the central regions. The PLE functions
in every county and city are at the coupling coordination levels of mild and moderate imbalance.
Eastern Jilin should take the ecological function as the lead, and should improve the production
and living functions; Central Jilin should maintain the production and living functions and improve
the ecological function; Western Jilin should strengthen ecological restoration and accelerate the
transformation and development of the green production function. This study can provide references
for the optimization of the provincial territorial space layout in order to improve the regional
territorial space coordination and sustainable development.

Keywords: production-living-ecological spaces; production-living-ecological functions; coupling
coordination; optimization of territorial space; Jilin Province

1. Introduction

The process of the spatial pattern and function evolution of land is also the process of
interaction between humanity and the land [1]. With economic and social development, the
imbalance between urban and rural development has become increasingly prominent, es-
pecially in developing countries, such as the continuous outflow of the rural population [2],
the low efficiency of land use [3], increasingly serious urban disease [4], and the hollowing
out of rural areas [5], etc. In 2015, the United Nations created a set of sustainable develop-
ment goals (SDGs) to respond to the above problems [6]. As the national old industrial base,
Northeast China is currently facing many challenges, with an unbalanced spatial structure
and inefficient use. However, Jilin Province has experienced relatively slow economic and
social development in recent years, and is facing a serious phenomenon of population
outflow. According to the seventh national census, the total population of Jilin Province
decreased by 0.34 percent in 2020 compared with 2010. As a “Big granary”, Jilin Province
shoulders the heavy responsibility of ensuring national food security. Therefore, more
attention should be paid to the “Work on agriculture, rural areas and farmers” in order to
vigorously promote the development of agriculture, rural areas and farmers, and to strive
to achieve the development goals of “intensive and efficient production space, livable and
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moderate living space, and beautiful ecological space” [7]. The National Strategy for rural
revitalization put forward at the 19th National Congress of the Communist Party of China
emphasizes “Persisting in resource conservation and environmental protection, and firmly
following the path of civilized development with production development, a better life
and a good ecological environment” [8]. In 2018, the general requirements of “Industry
prosperity, ecological livability, rural civilization, effective governance and well-off life”
were put forward, and this was the concrete embodiment of the “Five-in-one” overall
layout of economic, political, cultural, social and ecological civilization construction in the
construction of socialism with Chinese characteristics in rural development [9].

The research of PLES is an important part of territorial space planning, and it is an
interdisciplinary study of ecology, geography, planning and so on [10]. The concept of PLES
originated from the multifunctional classification system of agriculture in the European
Union [11,12], with the in-depth research of biologists and geographers; the classification
system of ecosystem functions and the classification system of landscape functions were
first developed in foreign countries, and the multifunction study on land use has also
gradually been favored by scholars at home and abroad [6,10]. For example, Groot and
other scholars hold that natural and semi-natural ecosystems have many functions and
values, such as a regulating function, habitat function, production function, information
function and carrier function [13]; Willemen et al. quantified seven landscape functions,
such as residential, cultural heritage and tourism, and believed that there were three
interactions: conflict, synergy and compatibility [14]; Paracchini et al. constructed an index
system-combined multifunction of land use to evaluate economic, social and environmental
issues in order to study sustainable development policies in the European region [15];
Ricketts et al., found that small areas with the productive ecological function rely on local
ecological values to provide production services [16].

From the concept of PLES, production space refers to the area that can provide in-
dustrial products, agricultural products and service products for human beings, with the
functions of food supply, industrial production, raw material production, etc. Living space
is a kind of land with the function of carrying people’s daily life, recreation and some
special purposes, which provides a social security function and leisure function for people.
Ecological space is the area that can directly or indirectly provide an ecological regulation
function and ecological service value, and has its own capacity of self-regulation, repair,
maintenance and development, and ES has the main functions of adjustment, support,
purification, carrying, perch and so on [17,18].

The PLES do not exist in isolation. They are closely connected and affect each other,
and the coordinated development of the PLES plays an important role in balancing the
regional spatial structure and ensuring the regional stability and development. Coupling
originated from physical science, referring to the phenomenon that multiple systems
influenced each other through their own or external interactions. Coordination refers to the
close degree of coordination among multiple systems, which reflects the whole “efficacy”
or “synergy” [19]. The coupling coordination model quantifies the coordination effect,
and it can reflect the coordination effect of every element in the system accurately [6]. At
present, the coupling coordination degree model has been gradually improved and widely
used in the fields of geography, environmental science, ecology and other disciplines. The
research topics include urbanization and the ecological environment [20], population and
land urbanization [21], tourism and the environment [22], and other aspects. However,
research on the coupling coordination of the PLES is still rare, which has gradually attracted
the attention of scholars in recent years. It is essential to better understanding the coupling
coordination relation among PLE functions in the achievement of the goal of regional
sustainable development, which is the key research topic and hot research frontier of the
international man–land system science and sustainable development sciences [23].

At present, many domestic scholars have carried out research on PLES from many
aspects of connotation discrimination [18], land-use classification systems [24], evolution
characteristics [25], function coordination [26], driving force analysis [27] and evaluation
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optimization [28]. For example, Liu Jilai and other scholars established the PLES classifi-
cation system and studied the evolution characteristics of the PLES pattern in China [29].
Li Guangdong et al. constructed the urban PLE function classification system from the
perspective of the integration of land functions, ecosystem services and landscape func-
tions, and integrated the calculation function group of the spatial function value based on
the evaluation of the ecosystem service value [7]. Wang Cheng et al., analyzed the spatial-
temporal characteristics and the pattern evolution of the coupling coordination of rural
PLE function in Chongqing using the coupling coordination degree model [26]. Existing
studies were carried out at multiple scales, including the national [29], provincial [30],
municipal [31], county [32], village [33] and urban agglomeration scales [34]. However,
most of them were concentrated in economically developed areas or areas with historical
and cultural characteristics. Therefore, there is little research on the PLES in Jilin Province,
and most of the existing research focuses solely on the evolution of the PLES pattern or
the level of the PLES functional coupling coordinated development in a specific region.
There is a lack of comprehensive research both to comprehensively measure the current
situation and the sustainable development direction of the coordinated development of
regional PLES. The study of spatial development in Jilin Province can be a reference for
the optimization of the territorial space in Northeast China, and can provide a case for
land use planning at the provincial scale with a view to applying the relevant methods
to other provinces at home and abroad. In China, it is of great theoretical and practical
significance for the coordinated development of urban and rural areas, the Northeast Area
Revitalization Plan, and the implementation of the strategy of rural revitalization. Based on
the data of the land use status in 1998, 2008 and 2018 in Jilin Province, this paper studied
the spatial–temporal pattern evolution characteristics in the PLES and the coupling coordi-
nation level of the production–ecological function in Jilin Province by using the entropy
method, dynamic attitude of land use, spatial autocorrelation, cold hot spot analysis and
a coupling coordination degree model to identify the basic development characteristics
and coordination state of PLES, and took the result as the basis of the division of the
optimized region. Then, the zoning optimization was carried out and targeted, and feasible
optimization recommendations were proposed give full play to advantages of the different
functions to maximize benefits of land resources, in order to provide reference strategies
for Jilin Province to realize the rational utilization, coordinated development and regional
sustainable development of land resources.

2. Materials and Methods
2.1. Study Area

Jilin Province is located in the central part of Northeast China (Figure 1), and covers
a total area of 187,400 square kilometers, spanning 121◦ 38′~131◦ 19′, 40◦ 50′~46◦ 19′;
it currently has jurisdiction over 1 sub-province-level division, 7 prefecture-level cities,
Yanbian Korean Autonomous Prefecture, and the Changbai Mountain Protection and
Development Zone Management Committee. Jilin Province, as an old national industrial
base, has automobile, petrochemical and agricultural product processing as its three major
pillar industries; as an important national black soil conservation area and commercial
grain base, Jilin Province plays an important role in ensuring national food security. Yushu,
Nong’an, Gongzhuling and 13 other top-100 grain counties are all located in Jilin Province.
In 2020, the grain planting area of Jilin province was 5.6818 million hectares, and the total
grain output reached 3.803 million tons, accounting for 5.68 percent of the national total.
The topography of Jilin Province is characterized by a high elevation in the southeast and
a low elevation in the northwest. The Songliao Plain in the middle is fertile and rich in
grain. The eastern part is the Changbai Mountain area, which is an important ecological
barrier. The western part is an ecotone between agriculture and animal husbandry, and its
ecological environment is relatively fragile [35]. Considering the adjustment and changes
of the administrative territorial entity during the study period, in order to maintain the
integrity of the research unit, this study unified the municipal districts of each city into a
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single research unit, and reorganized a total of 47 research units including 8 urban areas,
20 county-level cities and 19 counties.
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2.2. Data Sources

In this paper, the land use status data in Jilin Province in 1998, 2008 and 2018 were
provided by Jilin Institute of Land and Resources Survey. The elevation data comes from
Geographic Science and Resources, Resources and Environment Science, and the Data
Center in the Chinese Academy of Sciences Institute (https://www.resdc.cn/data.aspx?
DATAID=284, accessed on 11 August 2021) [36]. The social and economic data comes from
the “Statistical Yearbook of Jilin Province”, the “Statistical Yearbook of China’s Counties”,
the “Statistical Bulletin of National Economy and Social Development of Jilin Province”
and the statistical yearbooks of the other cities and states [37].

2.3. Research Method

In this paper, the PLES land-use classification system was constructed, the land
use statuses in Jilin Province were reclassified, and the number of PLES were analyzed;
then, the change trend was studied according to the land use dynamic degree, and the
spatial distribution was carried out by using spatial autocorrelation. Moreover, the paper
constructed the evaluation index system of PLE functions, calculated the score of each
function by using the comprehensive evaluation model, analyzed the coupling coordination
level among three functions and between two functions by using the coupling coordination
degree model, and studied the spatial distribution of the coordination level by using hot
spot analysis. Finally, the optimization strategies were proposed as references based on the
research results.

2.3.1. Classification System of the Land Use in PLES

The study of the land-use classification of “production-living-ecological spaces” is
the basis of territorial space planning and management [24]. The production space is

https://www.resdc.cn/data.aspx?DATAID=284
https://www.resdc.cn/data.aspx?DATAID=284
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related to the industrial structure, and is an area with the leading function of providing
industrial products, agricultural products and service products [18], including cultivated
land, garden land, commercial service land, and industrial, mining and storage land. The
living space refers to the land which has the functions of carrying people’s daily life,
rest, entertainment, and some special purposes [24], including residential land, public
management and public service land, and special land, etc. The ecological space is a land
type which can directly or indirectly provide ecological regulation, biological support, and
other ecological services. It has types of land with self-adjustment, self-restoration, self-
maintenance and self-development capabilities [29], including woodland, grassland, water
areas, and other land. The three are interrelated and closely linked. The ecological space is
the basis of human existence, which forms the “Base of the Map” between the productive
space and the living space, from which human beings constantly demand products and
services for production and living [38]. The living space is the main field of human
activities, providing living, travelling, shopping and entertainment spaces to meet people’s
basic living needs [1]. On the basis of the existing research results of PLES [24,25,29], the
types of land use status are reclassified into three categories: production space, living
space and ecological space (Table 1). The codes of the land use status are based on the
Current Land Use Classification (National Standards of the People’s Republic of China
GB/T 21010-2007) [39]. This land use classification standard passed the National Standard
Review, and was officially issued and implemented in 2007.

Table 1. PLES land-use classification system of Jilin Province.

First-Level Land-Use Type Second-Level Land-Use Type

Code Category Name Code Category Name

Production space

1 Cultivated land 011/012/013 Paddy field/Irrigated land/The dry land
2 Garden land 021/022/023 The orchard/Tea garden/other garden
5 Commercial service land 051/052/053/054 Wholesale retail land/Lodgings/Commercial and financial land/Other commercial service land
6 Industrial and mining storage land 061/062/063 Industrial land/Mining land/Warehousing land

10 Transportation land 101/102/103/104/ Railway land/Land for exlusive use by highways/Street land/Rural roads land/Airport
land/Harbor land/Pipe land105/106/107

11 Water area and water conservancy facilities land 117/118 The ditch/Water construction land
12 Other lands 122/123 Facilities for agricultural land/Field ridge

Living space

7 Residential land 071/072 Townhouse/House-site in the countryside

8 Public administration and public services land 081/082/083/084/ Land area/News site/Science and education land/Medical charity land/Recreational
land/Utility land/Parks and green house/Land of scenic sites085/086/087/088

9 Special land 091/092/093/ Military facilities/Embassies and consulates land/The site of the superintendent’s
premises/Religious land/Land for the funeral094/095

12 Other lands 121 Free land

Ecological space

3 Woodland 031/032/033 Forestland/Shrub land/Other woodland
4 Grassland 041/042/043 Natural grassland/Artificial grassland/Other grass

11 Water area and water conservancy facilities land 111/112/113/114/ The river water/The lake water/The reservoir water/Pits or surface/Coastal tidal flats/Inland
tidal flats/Glaciers and permanent snow115/116/119

12 Other lands 124/125/126/127 Saline-alkali land/Marsh/The sand/Bare land

2.3.2. Dynamic Degree of Land Use

The Dynamic Degree of Land Use is calculated by calculating the annual average
change rate of the number of land use types between the end of the study period and the
beginning of the study period [40], which can be used to measure the speed of land use
change in different time scales [27]. The formula is shown as follows:

K =
Ub −Ua

Ua
× 1

T
× 100% (1)

where K is the dynamic degree of a land use type; Ua and Ub are the quantity of a land
use type at the beginning and the end of the study period, respectively; and T is the
study period.

2.3.3. Evaluation Index System of PLE Functions

The land space is a multifunctional space which is divided into a productive function,
a living function and an ecological function; it is the refinement and extension of the
connotation of land space [32]. The PLE functions originate from PLES but are higher than
the limitation of the PLES [41], and the function of land space also has the characteristics
of functional superposition and multiple functions because of the priority of strength and
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weakness [42]. Based on the principles of scientificity, comparability, authenticity, typicality
and the availability of data, this study selected the index according to the existing research
results [7,26,43–45], and 17 indexes were selected to represent the three functions of land
space. The production space has the functions of grain supply, industrial production, and
raw material production, etc., such that the production function is represented by 6 indexes:
per capita GDP; per capita cultivated land area; per capita output value of agriculture,
forestry, animal husbandry and fishery; gross output value of the second industry; gross
output value of the third industry; and the proportion of production space. The living space
has the functions of carrying human daily life and social security, etc., such that the living
function is represented by 6 indexes: the density of population, per capita construction land
area, the density of traffic land, the number of students in primary and secondary schools,
the number of hospital beds per 10,000 persons, and the proportion of living space. The
ecological space has the functions of adjustment, support, purification, carrying, perch and
so on, such that the ecological function is represented by 5 indexes: the forest coverage rate,
the water coverage rate, the proportion of the bare surface area, the fertilizer application
quantity, and the proportion of ecological space. The initial values of each index were
standardized by non-zero transformation [46], and the weights of each index were assigned
by the entropy method [34] (Table 2).

Table 2. Evaluation index system of the PLE functions.

Subsystem Evaluation Indicator (Unit) Direction Weight

Production function
Per capita GDP (yuan/person) P1 + 0.0822

Per capita cultivated land area (m2/person) P2 + 0.0773
Per capita output value of agriculture, forestry, animal

husbandry and fishery (yuan/person) P3 + 0.0732

(0.3500)

Gross output value of the second industry (ten thousand
yuan) P4 + 0.0261

Gross output value of the third industry (ten thousand
yuan) P5 + 0.0276

The proportion of production space (%) P6 + 0.0636

Living function
Density of population (person/hectare) L1 + 0.0394

Per capita construction land area (m2/person) L2 + 0.0733
Density of traffic land (%) L3 + 0.0691

(0.3803)

Number of students in primary and secondary schools
(person) L4 + 0.0541

Number of hospital beds per 10,000 persons (beds per
10,000 persons) L5 + 0.0753

The proportion of living space (%) L6 + 0.0691

Ecological function

Forest coverage rate (%) E1 + 0.0536
Water coverage rate (%) E2 + 0.0603

The proportion of the bare surface area (%) E3 + 0.0578
Fertilizer application quantity (ton) E4 − 0.0405

(0.2697) The proportion of ecological space (%) E5 + 0.0574

(1) Data standardization

This study used the standardized method of non-zero transformation to process the
original data in order to facilitate the later evaluation, and adopted Equations (2) and (3)
in order to process the positive and negative index data, respectively [47]. Where Xij is
the evaluation index data of the j item in the i evaluation unit, Xmax and Xmin, respectively,
represent the maximum and minimum value of the original data of the j item, and the
formula is shown as follows:

Yij =
Xij − Xmin

Xmax − Xmin
× 0.99 + 0.01 (2)

Yij =
Xmax − Xij

Xmax − Xmin
× 0.99 + 0.01 (3)
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(2) Weight determination by the entropy method

As one of the objective evaluation methods, the entropy method can reflect the compre-
hensiveness of the indicators and express the implicit information of the index elements [47].
Therefore, the entropy method of the objective weight method is used to assign weight to
each index in order to eliminate the influence of subjective judgment. According to the
standardized value Yij, the information entropy Eij of item j of evaluation unit i is calculated
by using Equation (4), and then the weight Wij is calculated according to Equation (5). The
formulae for Eij and Wij are shown below:

Eij = −
1

ln m

m

∑
i=1

Yij × ln Yij (4)

Wij =
1− Eij

∑m
i=1 1− Eij

(5)

(3) Construction of a comprehensive evaluation model

In order to facilitate the later research comparison, the comprehensive evaluation
value of the PLE functions of each county in Jilin Province was calculated according to
Equation (6). The formula is shown as follows [47]:

Zi =
n

∑
j=1

Yij ×Wij (6)

where Yij is the standardized value, Wij is the corresponding index weight, and Zi is the
comprehensive evaluation value.

2.3.4. Coupling Coordination Model

The territorial space system is a dynamic composite giant system which is formed un-
der the interaction of multi-factors [45]. There is a mutual promotion and mutual coercion
between the territorial space functions [26]. Based on the improvement of the coupling
coordination model and the application in the PLES field [26], the coupling coordination
model of production-living-ecological functions and the coupling coordination models of
production–living, production–ecological and living–ecological functions were constructed
to measure the coordination relationship of the PLE functions in each county. The formula
is as follows:

C = 3×
{

Pi × Li × Ei

(Pi + Li + Ei)
3

}1/3

(7)

D =
√

C× T, (T = αPi + βLi + γEi) (8)

where C is the coupling degree of the PLE functions, and the value range is [0, 1]; Pi, Li
and Ei are the comprehensive evaluation value (Equation (6)) of the production function,
living function and ecological function, respectively, i ∈{1, 2, . . . , 47}; D is the coupling
coordination degree of PLE functions, the range is [0, 1], and the larger the value is, the
better the coordination level is; α, β and γ are undetermined coefficients of the production
function, living function and ecological function, respectively. In this paper, it is considered
that the three functions are of equal importance, such that the coefficients are determined
as α = β = γ = 1/3. If only the coupling coordination degree of the two functions was
calculated, the following formula was used:

C = 2×
{

Pi × Li

(Pi + Li)
2

}1/2

(9)
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C = 2×
{

Pi × Ei

(Pi + Ei)
2

}1/2

(10)

C = 2×
{

Li × Ei

(Li + Ei)
2

}1/2

(11)

D =
√

C× T, (T = αPi + βLi = αPi + βEi = αLi + βEi, α = β = 1/2) (12)

In order to better reflect the coupling coordination degree among the subsystems, the
coupling degree and coupling coordination degree were divided into the following types
according to the previous research [6,23,38,40] (Table 3).

Table 3. Classification of the coupling coordination degree of the PLE functions.

Level Classes D Value

Low-degree coupling coordination
Extremely uncoordinated [0, 0.1)
Severely uncoordinated [0.1, 0.2)

Moderately uncoordinated [0.2, 0.3)

Moderate coupling coordination
Slightly uncoordinated [0.3, 0.4)

On the verge of uncoordinated [0.4, 0.5)
Barely coordinated [0.5, 0.6)

Highly coupling coordination Primarily coordinated [0.6, 0.7)
Intermediately coordinated [0.7, 0.8)

High quality coupling coordination Well coordinated [0.8, 0.9)
Superiorly coordinated [0.9, 1]

2.3.5. Spatial Autocorrelation Analysis

(1) Global Moran’s I Index and Local Moran’s I Index

The global spatial autocorrelation and the local spatial autocorrelation were used to
study the spatial clustering characteristics of PLES in Jilin Province in this paper. This study
used ArcGIS 10.6 to calculate the Global Moran’s I Index, and used GeoDa to calculate the
Local Moran’s I index.

Global Moran’s I can show whether different spatial units are aggregate, discrete or
random in global space. The Global Moran’s I Index Ranges From −1 to 1. At a given
level of significance, if the Global Moran’s I index is positive, the spatial correlation is
positive; if it is negative, it is spatially negative correlation; if it is close to zero, it is a
random distribution [46].

Local Moran’s I can effectively analyze the spatial difference and its significance level
between different spatial units and their adjacent regions. As with Global Moran’s I, when
I > 0, there is a strong positive spatial autocorrelation between the observed attributes of the
regional spatial unit and its adjacent spatial units, showing local spatial clustering; when
I < 0, there is a strong negative spatial autocorrelation, showing local spatial dispersion.
The Moran scatter plot—a type diagram of Local Indicators of Spatial Association (LISA)—
can represent the spatial autocorrelation level of the Local Moran’s I. In the diagram, the
observed values of quadrant 1 and quadrant 3 indicate that the attributes of a region and
its adjacent regions have a high (low) degree of aggregation effect, such that the attributes
of the adjacent regions tend to be consistent, and the observed values of quadrant 2 and
quadrant 4 indicate that the attributes of a region differ greatly from those of the adjacent
regions [48,49]. LISA’s statistical test results usually include four types: high–high (HH),
high–low (HL), low–high (LH) and low–low (LL) [50]. The formula is as follows [47]:

Global Moran’s I =
∑n

i=1(xi − x)∑n
j=1 Wij

(
xj − x

)
s2 ∑n

i=1 ∑n
j=1 Wij

(13)
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Local Moran’s I =
n(xi − x)∑j Wij

(
xj − x

)
∑i(xi − x)2 (14)

where n is the number of units; xi and xj represent the property values of the units i
and j; and Wij is a spatial weight coefficient matrix, which represents the neighborhood

relationship of the spatial elements; s2 = 1
n

n
∑

i=1
(xi − x)2.

(2) Hot Spot Analysis

By using the Hot Spot Analysis Tool in ArcGIS 10.6, the hot spot and cold spot
regions of the coordination degree of the PLE functions in each county of Jilin Province are
visualized [19], and the clustering of the high value (hot spot) and low value (cold spot) is
revealed.

3. Results
3.1. Evolution Characteristics of the PLES Spatial–Temporal Pattern in Jilin Province
3.1.1. Characteristics of the PLES Land Use Dynamic Degree Change

This paper reclassified the land types of the current land use status from 1998 to 2018
based on the PLES land-use classification system of Jilin Province (Table 1), and calculated
the area of the production space, living space and ecological space. On the whole, the scale
of the ecological space in Jilin Province was the largest, followed by the production space
and then the living space. In the past two decades, the ecological space area gradually
decreased from 69.57% in 1998 to 56.29% in 2018, and the living space area increased
slightly, from 3.95% in 1998 to 4.36% in 2018. The area of the production space did not
change much in the first decade, but increased significantly in the last decade, from 31.95%
in 2008 to 39.39% in 2018 (Figure 2).
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Figure 2. The change of the proportion of PLES in Jilin Province during 1998–2018.

In this paper, the area data of the production space, living space and ecological space
were substituted into the land use dynamic attitude model (Equation (1)) to reflect the
growth rate or decrease rate of the PLES in this period (Table 4). The results showed that,
from 1998 to 2018, 87% of the counties in Jilin Province showed an increase in production
space, and 13% showed a decrease; the largest growth rate was 5.59% in Zhenlai County,
and the largest reduction rate was −1.29% in Baishan urban area. In total, 79% of the
counties in Jilin Province showed an increasing trend, and 21% showed a decreasing trend
in living space. Among them, the largest rate of increase was 3.37% in Changchun urban
area, and the largest rate of reduction was −2.77% in Zhenlai County. In total, 15% of the
counties in Jilin Province showed an increasing trend, and 85% of the counties showed a
decreasing trend in ecological space. Among them, the largest rate of increase in Longjing
City was 0.31%, and the largest rate of decrease in Taonan City was −2.95%.
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Table 4. The land use dynamics degree of PLES in Jilin Province during 1998–2018.

Name PS LS ES Name PS LS ES

Changchun urban area 0.00% 3.37% −1.15% Baishan urban area −1.29% 2.62% 0.17%
Nong’an County 0.22% 1.27% −2.05% Fusong County 1.51% 3.31% −0.12%

Yushu City 0.54% 1.25% −2.92% Jingyu County 0.60% 1.61% −0.08%
Dehui City 0.32% 1.44% −2.61% Changbai County 2.35% 1.90% −0.09%

Jilin urban area 0.51% −1.16% −0.09% Linjiang City 2.18% 0.79% −0.13%
Yongji County 0.76% 2.77% −0.89% Songyuan urban area 0.91% 2.41% −2.92%

Jiaohe City 1.74% 0.49% −0.43% Qianguo County 1.07% 0.76% −2.26%
Huadian City 2.86% 0.92% −0.59% Changling County 1.43% 0.35% −2.46%
Shulan City 0.93% 0.75% −0.53% Qian’an County 1.62% 1.50% −2.28%
Panshi City 2.60% −2.71% −0.97% Fuyu City 0.67% 0.17% −2.48%

Siping urban area 0.11% −1.02% 0.31% Baicheng urban area 0.65% 0.65% −2.79%
Lishu County 0.88% 0.43% −2.12% Taonan City 3.33% −1.39% −2.95%
Yitong County 0.95% 0.95% −1.34% Zhenlai County 5.59% −2.77% −2.21%

Gongzhuling City 0.40% 0.96% −2.52% Tongyu County 3.54% −1.30% −2.41%
Shuangliao City 2.08% 0.00% −2.60% Da’an City 1.15% 0.95% −1.29%

Liaoyuan urban area 0.32% −0.84% 0.10% Yanji City 2.24% 3.14% −0.47%
Dongfeng County 0.76% 0.65% −0.81% Tumen City −0.55% 3.36% −0.05%
Dongliao County 0.22% 1.26% −0.38% Dunhua City 2.60% 1.16% −0.42%

Tonghua urban area −0.88% 1.34% 0.06% Hunchun City 1.16% 1.85% −0.28%
Tonghua County 0.44% −2.37% 0.04% Longjing City −1.21% 0.28% 0.31%
Huinan County 1.55% 1.32% −0.79% Helong City −0.03% 0.55% −0.01%
Liuhe County 3.84% 0.92% −1.14% Wangqing County 0.29% −0.34% −0.08%
Meihekou City 1.10% 1.06% −1.31% Antu County 1.56% 1.11% −0.13%

Ji’an City −0.80% −0.98% 0.10%

3.1.2. Characteristics of the Spatial Distribution Pattern of PLES

This paper used ArcGIS 10.6 to visualize the proportion of the PLES in 1998, 2008
and 2018, and divided them into five classes by the natural break point method. From
the distribution map of the PLES area proportion in Jilin Province (Figure 3), it can be
seen that the spatial distributions of production, living and ecological spaces have the
following characteristics: (1) As can be seen from the distribution maps of the proportion
of production space in 1998, 2008 and 2018, the production space in Jilin Province was
mainly concentrated in the central region, and the proportion of production space in the
western region was also increasing in recent years. In 1998 and 2008, the production space
was concentrated in the areas with faster economic and social development, and more
developed secondary and tertiary sectors of the economy, including the urban areas of
Changchun urban area, Songyuan urban area and Baicheng urban area, as well as the
primary industry−led food production in the major counties, namely Nong’an County,
Yushu City, Dehui City, Lishu County, Yitong County, Gongzhuling City and Fuyu City.
From 2008 to 2018, the area of paddy fields, dry land, grassland and saline–alkali land
increased rapidly due to the degradation of a large number of swamps and wetlands in
the western region of Jilin Province [51], which led to the increase of the proportion of
production space in the Western Region of Jilin Province, such as Qianguo County, Zhenlai
County, Qian’an County and Taonan City, etc. (2) As can be seen from the distribution maps
of the proportion of production space in 1998, 2008 and 2018, it is obvious that the living
space was mainly concentrated in Changchun City, Jilin City, Siping City and Liaoyuan City
of central Jilin Province. As the central region was located in the Northeast China Plain, flat
terrain and the Songhua River basin, as well as the livable and high degree of population
concentration, the urbanization was increasing rapidly. Changchun City and Jilin City,
as the two big cities of Jilin Province, were the economic uplift belt of Jilin Province, and
carried out the important responsibility of economic development, with complete public
facilities and convenient transportation. As the third largest city in Jilin Province, Siping
Ciry was the pivot city of the innovation and transformation core area in the central part of
Jilin Province, attracting a large proportion of the labor force. The proportion of the living
space of the counties and districts in Liaoyuan City was increasing. (3) As can be seen from
the distribution maps of the proportion of production space in 1998, 2008 and 2018, it was
obvious that the ecological space distribution of Jilin Province is mainly concentrated in
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the eastern and western regions, but the proportion was decreasing in the past 20 years.
Changbai County, Linjiang City, Fusong County, Helong City, Wangqing County and Antu
County in the eastern part of Jilin Province were national nature reserves because they
were located in the Changbai Mountain region. They attached importance to ecological
environment protection, had superior ecological conditions, and occupied a relatively
high proportion of ecological space. Due to the influence of natural factors and human
activities, land salinization, desertification and other land degradation phenomena were
obvious in the west of Jilin Province. Large areas of wetland loss were mainly distributed
along the coast of the Nen River, Songhua River, Chagan Lake, Moon Lake and other lakes.
Part of the land was converted from ecological land to productive land; as a result, the
proportion of ecological space in Zhenlai County, Taonan City, Tongyu County, Qian’an
County, Qianguo County, Changling County and Shuangliao City declined.
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3.1.3. Aggregation Characteristics of the PLES

By applying ArcGIS 10.6 and GeoDa 1.18 software, the Global Moran’s I index (Table 5)
and Local Moran’s I index of the PLES’s proportion in Jilin Province in 1998, 2008 and 2018
were calculated, and their spatial correlation was tested.
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Table 5. Results of the Global Moran’s I Index of the PLES proportion from 1998 to 2018.

Space Type Year Moran’s I Z P

Production space
1998 0.7925 8.6830 0.0000
2008 0.7925 8.6852 0.0000
2018 0.8212 8.9600 0.0000

Living space
1998 0.2710 3.3600 0.0008
2008 0.2820 3.4612 0.0005
2018 0.3571 4.1719 0.0000

Ecological space
1998 0.7073 7.7790 0.0000
2008 0.7809 8.5478 0.0000
2018 0.8096 8.8358 0.0000

As can be seen from the table above, with a confidence level of 99%, the Global
Moran’s I index of the proportion of the PLES in Jilin Province in 1998, 2008 and 2018 was
positive, indicating the existence of spatial agglomeration in the PLES in Jilin Province,
i.e., both the high-value region and the low-value region had the characteristics of spatial
concentration distribution. Judging by the exponential trend, the Global Moran’s I Index of
production space, living space and ecological space was positively correlated with the time
change, and all of the indices showed an upward trend, which indicated that the Global
spatial correlation was gradually strengthened. From the value of the index, the production
space and ecological space were much larger than the living space, which indicated that
there were more significant spatial agglomeration phenomena in the production space
and ecological space. From the range of changes in different periods, both the production
space and the living space changed slightly from 1998 to 2008, and the index value changed
greatly from 2008 to 2018. However, the index values of ecological space changed greatly
from 1998 to 2008, and slightly from 2008 to 2018.

In order to further clarify the spatial aggregation and spatial heterogeneity of the
PLES’s proportion in each county of Jilin Province and its adjacent counties, a scatter plot
and Lisa cluster plot were used to show the results of the local spatial correlation. Figures
4 and 5 visually reflected the high-value and low-value clustering of the PLES proportion
in each county of Jilin Province in study period. The scatter plot shows that there were
many high–high and low–low types in the first and third quadrants, and fewer low–high
and high–low types in the second and fourth quadrants. The distribution of four clustering
cases can be clearly shown by using the Lisa Clustering Diagram: (1) The high–high
type area means that the area had a high proportion of certain types of space, and the
surrounding area also had a high proportion. In the study period, there were 11 counties
of this type, and the high-value areas were concentrated in the flat and well-developed
central plain area and the neighboring cities of Fuyu City, Qianguo County and Changling
County. In 1998 and 2008, there were two counties with this type of living space, and the
proportion increased to five counties in 2018. The high-value areas were first concentrated
in Dongliao County and Lishu County, and gradually expanded northward over time,
adding Changchun urban area, Nong’an County, Gongzhuling City and Yitong County.
Dongliao County was still in this category while Lishu County was out. During the study
period, the proportion of ecological space in this type of county and district was 10, 16
and 15, respectively, and the high-value region was concentrated in the eastern Changbai
Mountain area with excellent ecological environment and rich ecological resources. (2) The
low–low type area means that the specific gravity of a certain type of space in this area was
low, and the surrounding area was also low. In 1998 and 2008, the proportion of production
space in this type of district was 11; in 2018 it increased to 15, and all concentrated in the
east, indicating that the production space in the east was small. In 1998 and 2008, the
number of counties with living space of this type was 12, which decreased to 6 in 2018. In
2009, the construction of the pilot district for the development and opening of Changjitu
became a national strategy, and the Yanbian Korean Autonomous Prefecture grew rapidly,
attracting a large number of industries and people, such that living space increased. There
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were 11 low-value areas in the ecological space, and they were concentrated in the central
area, which was suitable for production and living. (3) The low–high type area means
that the area had a low proportion of certain types of space, and the area around it had
a high proportion. This type of region was relatively rare. The proportion of production
space in 1998 and 2008 and the proportion of living space in 2018 in Shulan City belonged
to this category. (4) The high–low type area means that the area had a high proportion
of certain types of space, and the area around it had a low proportion. There were also
fewer such areas. Only the proportion of ecological space in Shulan City in 2008 and 2018
belonged to this category, which indicates that the scale of ecological space in Shulan was
relatively large.
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3.2. Coupling Coordination of the PLE Functions in Jilin Province
3.2.1. Coupling Coordination Result

The coupling coordination reveals that the factors influence each other in the time
scale and space scope, such that each system evolves from disorder to order, promotes
synergistically, and controls the characteristics and rules of system development [51]. Firstly,
according to the evaluation index system of PLE functions (Table 2) and the weight of each
index, the evaluation values of the PLE functions of each research unit were calculated by
using Equation (6) (Table 6).

The coupling coordination degrees of the PLE functions in each county in Jilin province
were calculated by substituting the results into the coupling coordination degree model
(Equations (7) and (8)). This paper used ArcGIS 10.6 to visualize the coupling coordination
degrees of 47 study areas, and divided them into five classes by the natural break point
method. The results showed that the mean value of the coupling coordination degree
of the PLE functions in Jilin Province decreased from 0.3109 (slightly uncoordinated) in
1998 to 0.2981 (moderately uncoordinated) in 2008, and then increased to 0.3163 (slightly
uncoordinated) in 2018 (Table 7). This indicated that the coordination of PLE functions in
Jilin Province decreased around 2008 due to the rapid economic and social development,
rapid urban sprawl, imbalance in land resource distribution and other factors. From the
spatial distribution (Figure 6), the coupling coordination level of the PLE functions in each
county of Jilin Province presented distinct regional differentiation. From 1998 to 2018, the
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level of coupling coordination of the PLE functions showed a spatial distribution pattern
of “high in the east and west, low in the east; high in the plain and low in the mountain”.

Table 6. The evaluation values of the PLE functions of each county in Jilin Province.

Name
Pi Li Ei

1998 2008 2018 1998 2008 2018 1998 2008 2018

Changchun urban area 0.2134 0.2019 0.1956 0.1844 0.1973 0.2584 0.0439 0.0301 0.0465
Nong’an County 0.2097 0.1678 0.1773 0.1197 0.1245 0.1596 0.0321 0.0158 0.0291

Yushu City 0.1731 0.1464 0.1553 0.0977 0.0969 0.1212 0.0867 0.0718 0.0166
Dehui City 0.1894 0.1849 0.1923 0.1076 0.1121 0.1461 0.0310 0.0249 0.0379

Jilin urban area 0.1073 0.0990 0.0870 0.1793 0.1641 0.1600 0.1340 0.0985 0.1204
Yongji County 0.1166 0.1279 0.1043 0.0806 0.0897 0.1499 0.0976 0.0971 0.1298

Jiaohe City 0.1028 0.1042 0.0989 0.0456 0.0430 0.0721 0.1379 0.1248 0.1313
Huadian City 0.1331 0.1224 0.1206 0.0568 0.0497 0.0631 0.1403 0.1281 0.1544
Shulan City 0.1188 0.0976 0.1062 0.0692 0.0700 0.0785 0.1072 0.0984 0.1339
Panshi City 0.1198 0.1625 0.1265 0.1524 0.1581 0.0847 0.1160 0.0995 0.1073

Tonghua urban area 0.0561 0.0404 0.0403 0.1147 0.1087 0.1489 0.1353 0.1391 0.1500
Tonghua County 0.0851 0.1054 0.0745 0.0647 0.0766 0.0806 0.1470 0.2052 0.1509
Huinan County 0.0803 0.0997 0.0922 0.0635 0.0587 0.0856 0.1408 0.1877 0.1237
Liuhe County 0.0917 0.0518 0.0878 0.0472 0.0520 0.0784 0.1301 0.1819 0.1055

Ji’an City 0.0682 0.0859 0.0503 0.0453 0.0435 0.0502 0.1684 0.1597 0.1650
Meihekou City 0.1349 0.0890 0.1317 0.0884 0.0876 0.1145 0.0970 0.0835 0.0787

Siping urban area 0.0770 0.0783 0.0629 0.1968 0.2086 0.1992 0.0862 0.0796 0.0890
Lishu County 0.1721 0.1714 0.1729 0.1108 0.0988 0.1692 0.0524 0.0504 0.0412
Yitong County 0.1399 0.1352 0.1385 0.0482 0.0525 0.0987 0.1111 0.0969 0.0866

Shuangliao City 0.1564 0.1541 0.1526 0.1010 0.0905 0.1426 0.0837 0.0695 0.0587
Gongzhuling City 0.1954 0.1620 0.1562 0.1208 0.1106 0.1860 0.0335 0.0271 0.0270
Baishan urban area 0.0766 0.0618 0.0735 0.0542 0.0694 0.1030 0.1513 0.1476 0.1619

Fusong County 0.0681 0.0646 0.0934 0.0893 0.0705 0.1061 0.1598 0.1597 0.2095
Jingyu County 0.0530 0.0644 0.0831 0.0307 0.0390 0.0551 0.1536 0.1505 0.1543

Changbai County 0.1018 0.0546 0.0876 0.0366 0.0343 0.0421 0.1638 0.1610 0.1709
Linjiang City 0.0859 0.0587 0.0832 0.0540 0.0550 0.0655 0.1614 0.1593 0.1589

Liaoyuan urban area 0.0653 0.0652 0.0815 0.1961 0.2095 0.2081 0.0744 0.0728 0.0819
Dongfeng County 0.1283 0.1163 0.1291 0.1091 0.1019 0.1016 0.1151 0.1110 0.0899
Dongliao County 0.1182 0.1206 0.1158 0.0992 0.0945 0.1071 0.0978 0.0844 0.0994

Baicheng urban area 0.1066 0.1111 0.1204 0.1120 0.1237 0.1443 0.0656 0.0478 0.0595
Taonan City 0.1142 0.1045 0.1493 0.0927 0.0739 0.1460 0.1099 0.0740 0.1033
Da’an City 0.0910 0.0856 0.0992 0.0852 0.0789 0.1040 0.1412 0.0966 0.1066

Zhenlai County 0.0820 0.1259 0.2005 0.1338 0.1246 0.1340 0.1535 0.0974 0.1285
Tongyu County 0.1425 0.1165 0.1641 0.0979 0.0894 0.1133 0.1122 0.0837 0.0715

Songyuan urban area 0.1071 0.1216 0.1176 0.0921 0.0782 0.1496 0.1040 0.0768 0.0837
Changling County 0.1497 0.1557 0.1612 0.1021 0.0921 0.1162 0.0801 0.0644 0.0346

Qian’an County 0.1544 0.1549 0.1747 0.0679 0.0659 0.1039 0.1000 0.0710 0.0927
Qianguo County 0.2086 0.2326 0.1820 0.0749 0.0709 0.1046 0.1281 0.0674 0.0784

Fuyu City 0.1730 0.1553 0.1669 0.0805 0.0764 0.0953 0.0546 0.0369 0.0444
Yanji City 0.0698 0.0575 0.0607 0.1038 0.0954 0.1156 0.1418 0.1395 0.1416

Tumen City 0.0592 0.0336 0.0239 0.0689 0.0561 0.0795 0.1416 0.1362 0.1543
Dunhua City 0.0897 0.0740 0.0726 0.0584 0.0569 0.0699 0.1579 0.1516 0.1386

Hunchun City 0.0522 0.0569 0.0543 0.0516 0.0316 0.0756 0.1727 0.1843 0.1657
Longjing City 0.0641 0.0530 0.0439 0.0564 0.0487 0.0762 0.1268 0.1263 0.1422
Helong City 0.0450 0.0469 0.0331 0.0633 0.0321 0.0642 0.1497 0.1492 0.1521

Wangqing County 0.0598 0.0631 0.0663 0.0425 0.0374 0.0574 0.1480 0.1464 0.1478
Antu County 0.0783 0.0577 0.0537 0.0379 0.0391 0.0652 0.1523 0.1501 0.1550

Table 7. The results of the coupling coordination degree of the PLE functions in 1998–2018.

Name D(1998) D(2008) D(2018) Name D(1998) D(2008) D(2018)

Changchun urban area 0.3464 0.3260 0.3647 Changbai County 0.2913 0.2589 0.2928
Nong’an County 0.3050 0.2629 0.3062 Linjiang City 0.3013 0.2830 0.3087

Yushu City 0.3370 0.3171 0.2604 Liaoyuan urban area 0.3137 0.3159 0.3340
Dehui City 0.2929 0.2833 0.3195 Dongfeng County 0.3424 0.3310 0.3250

Jilin urban area 0.3703 0.3420 0.3446 Dongliao County 0.3235 0.3142 0.3275
Yongji County 0.3117 0.3220 0.3558 Baicheng urban area 0.3036 0.2949 0.3180

Jiaohe City 0.2941 0.2871 0.3128 Taonan City 0.3243 0.2881 0.3620
Huadian City 0.3193 0.3034 0.3249 Da’an City 0.3210 0.2945 0.3213
Shulan City 0.3097 0.2960 0.3221 Zhenlai County 0.3449 0.3394 0.3888



Sustainability 2021, 13, 13192 16 of 24

Table 7. Cont.

Name D(1998) D(2008) D(2018) Name D(1998) D(2008) D(2018)

Panshi City 0.3583 0.3698 0.3237 Tongyu County 0.3407 0.3091 0.3316
Tonghua urban area 0.3090 0.2913 0.3107 Songyuan urban area 0.3176 0.3001 0.3373

Tonghua County 0.3053 0.3440 0.3111 Changling County 0.3270 0.3121 0.2942
Huinan County 0.2993 0.3212 0.3149 Qian’an County 0.3187 0.2997 0.3449
Liuhe County 0.2873 0.2808 0.2998 Qianguo County 0.3550 0.3219 0.3381

Ji’an City 0.2836 0.2902 0.2733 Fuyu City 0.3021 0.2755 0.2984
Meihekou City 0.3240 0.2944 0.3254 Yanji City 0.3176 0.3024 0.3159

Siping urban area 0.3306 0.3304 0.3221 Tumen City 0.2886 0.2521 0.2577
Lishu County 0.3162 0.3080 0.3262 Dunhua City 0.3064 0.2934 0.2982
Yitong County 0.3013 0.2971 0.3252 Hunchun City 0.2784 0.2631 0.2966

Shuangliao City 0.3312 0.3146 0.3294 Longjing City 0.2776 0.2623 0.2793
Gongzhuling City 0.3041 0.2803 0.3036 Helong City 0.2743 0.2465 0.2619
Baishan urban area 0.2927 0.2930 0.3272 Wangqing County 0.2687 0.2649 0.2873

Fusong County 0.3147 0.2999 0.3572 Antu County 0.2771 0.2640 0.2856
Jingyu County 0.2510 0.2689 0.2984 Average value 0.3109 0.2981 0.3163
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According to the calculation results of the coupling coordination degree model be-
tween the two functions constructed in Equations (9)–(12), the results show that the cou-
pling coordination degrees in the counties and districts in 1998, 2008 and 2018 were between
0.24 and 0.39, and there were two types of moderate incoordination and slight incoordina-
tion (Table 8). The coupling coordination degrees between the two functions showed that,
in 1998, 2008 and 2018, the production–living function coupling coordination degrees were
between 0.19 and 0.48. There were four types, i.e., severely uncoordinated, moderately
uncoordinated, slightly uncoordinated and on-the-verge-of-uncoordinated. The coupling
coordination degrees of the production–ecological function were between 0.22 and 0.41,
and there were three types: moderately uncoordinated, slightly uncoordinated and on-
the-verge-of-uncoordinated. The coordination degrees of the living–ecological function
coupling were between 0.21 and 0.40, and there were two types: moderately uncoordi-
nated and slightly uncoordinated. The evolution of the coupling coordination degrees
of some districts and counties showed fluctuation, such as Nong’an County, Shulan City,
Tonghua urban area, Yitong County and Tonghua County, from slight to moderate to slight
incoordination. However, Yushu City and Changling County experienced a “regression”
from slightly to moderately uncoordinated; the coupling coordination degree of the urban
areas of Dehui City, Jiaohe City and Baishan urban area improved, from moderately to
slightly. The stability of the coupling coordination degrees of some counties and districts
over time were slightly uncoordinated or moderately uncoordinated types: areas such as
Changchun urban area, Jilin urban area, Yongji County, Huadian, and other 17 counties and
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districts all belonged to the slightly uncoordinated type; Liuhe County, Ji’an City, Jingyu
County, Tumen City, Hunchun City and other 10 counties and districts all belonged to the
moderately uncoordinated type.

Table 8. The proportion of the coupling coordination degree types from 1998 to 2018.

Type Classes Interval Value Proportion in 1998 Proportion in 2008 Proportion in 2018

Production-living-
ecological

Moderately
uncoordinated [0.2–0.3) 29.79% 57.45% 29.79%

Slightly uncoordinated [0.3–0.4) 70.21% 42.55% 70.21%

Production-living

Severely uncoordinated [0.1–0.2) 0.00% 2.13% 0.00%
Moderately

uncoordinated [0.2–0.3) 46.81% 51.06% 40.43%

Slightly uncoordinated [0.3–0.4) 51.06% 42.55% 46.81%
On the verge of
uncoordinated [0.4–0.5) 2.13% 4.26% 12.77%

Production-ecological

Moderately
uncoordinated [0.2–0.3) 17.02% 31.91% 29.79%

Slightly uncoordinated [0.3–0.4) 80.85% 68.09% 68.09%
On the verge of
uncoordinated [0.4–0.5) 2.13% 0.00% 2.13%

Living-ecological
Moderately

uncoordinated [0.2–0.3) 40.43% 65.96% 80.85%

Slightly uncoordinated [0.3–0.4) 59.57% 34.04% 19.15%

3.2.2. Hot Spot Analysis Results of the Coupling Coordination Degree

Through the use of the ArcGIS 10.6 Hot Spot Analysis Tool, this paper visualized the
clustering of hot spots and cold spots by the natural breakpoint method, which was used
to analyze the coupling coordination degree of each county and district in Jilin Province
in 1998, 2008 and 2018. As shown in Figure 7, the hotspots in 1998 were scattered in the
central parts of Yongji County, Panshi City, Yitong County, Dongfeng County, Shulan
City, and the western parts of Da’an City, Qian’an City and Changling County. In 2008,
single-core reunions were observed in hot spots in Yongji County, Panshi City, Yitong
County, Dongliao County, Meihekou City and Huadian City. The results showed that
the PLE functions of these areas were relatively well coordinated in recent years, and it
could balance the coordinating development of production, living and ecological functions.
The hot spots of 2018 were scattered in western Jilin, in Da’an City, Zhenlai County, and
Baicheng urban area, and Jilin urban area, Yongji County and Panshi City in the central
part of Jilin Province. During the study period, the cold spots were all concentrated in the
eastern part of China, with Yanji as the single core in 1998; the cold spots in 2008 showed a
layered structure, and the cold spots were concentrated in Yanji City, Longjing City and
Tumen City, from which they would spread out to the periphery. The cold spots showed a
decreasing trend in 2018, but remained concentrated in the eastern regions of Yanji City,
Tumen City, Longjing City, Helong City, Wangqing County and Hunchun City. Due to
the limitations of natural conditions such as topography and geomorphology, the eastern
region had a large number of mountainous forests, a beautiful environment and pleasant
scenery, outstanding ecological function and a low level of production and living functions.
Therefore, the coordination of the PLES functions of the counties and districts in the eastern
region need to be improved.
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3.3. Division of the PLES Functions and Their Optimization Path in Jilin Province

The function of territorial space has the characteristics of function superimposition
and multiple functions because of the priority of strength and weakness, but the forms
and advantages of the different functions are different. Some functions reflect regional
characteristics and play a decisive role in regional development, which are called the
dominant function [42]. The dominant function is supplemented by other secondary
functions to form a complete space. The core content of territorial planning is to analyze
the cooperation and competition between ecological space and production space, to plan
the pattern of territorial space development and protection while balancing efficiency
and the living function [41]. According to the natural conditions and the development
of the economy and society in various areas of Jilin province, this paper combined the
results of the comprehensive evaluation of the PLES functions in 2018, the spatial–temporal
evolution pattern of the PLES and the distribution characteristics of the coupling co-
ordination degree, and divided Jilin Province into four functional zones in the way of
“orientation + geomorphologic type + functional type”: the central plains and hills region
of the productive and living complex functions area, the central-eastern hills region of
the ecological and productive complex functions area, the eastern mountain region of the
ecological-dominant and production-limited area, and the western plains region of the
production-dominant and ecological-conservation area (Figure 8). Based on the advantages
and characteristics of each functional area, the development, utilization, management and
adjustment of PLES were planned as a whole to promote the coordinated development of
the regional territorial space.
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(1) Regarding the central plains and hills region of the productive and living complex
functions area (relative average score 0.1369–0.1548–0.0688), the main features were that
the production and living functions were dominant, and the ecological function needs to
be improved, including 15 counties and cities, such as Changchun urban area and Jilin
urban area. In these areas, the counties and cities had a rapid economic and social devel-
opment, population gathering, complete public supporting facilities and well-connected
transportation. There was large-scale industrial or agricultural land around, which was
an important guarantee for economic and social development. However, there were some
problems such as a low greening rate and environmental pollution, and the ecological
quality needs to be improved. With Changchun City and Jilin City as the core to drive
the rapid economic development of the surrounding areas, urban development should be
rationally planned, the land in built-up areas should be used economically and intensively,
and the large amount of cultivated land in suburban areas should be prevented from being
occupied due to urban sprawl. The construction of urban green belts and parks should be
enhanced, and the rate of urban greening should be increased to improve air quality; water
quality should be improved, water pollution should be prevented and controlled, and the
waters of Yitong River, Songhua Lake, etc., should be protected. Meanwhile, the central
region was a black soil area rich in grain. The nine major grain producing counties in Yushu
City, Nong’an County, Lishu County and Gongzhuling were all concentrated in the central
part of Jilin Province. Therefore, full play should be given to the production function, and
we should actively carry out the work of protecting the black land, take green agriculture
as the leading factor, ensure the development of grain farming, and extend the relevant
industrial chains, such as agricultural product processing, logistics and transportation, and
the integration of agriculture and tourism. A high-quality corn and peanut industrial belt
should be created, and agricultural product brands should be built to open up domestic
and foreign markets.

(2) Regarding the central–eastern hills region of the ecological and productive complex
functions area (relative average score 0.1053–0.0771–0.1260), the main feature was that the
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ecological and production function was dominant, and the living function needs to be
improved, including five counties and cities such as Jiaohe City and Huadian City, etc. The
forest coverage rate was high, the water systems of the Songhua River and Mudanjiang
run through it, and the cultivated land area also had a large proportion. The important
ecological resources—such as forest resources, water resources and biological resource—
should be strictly protected, a stable ecological environment should be maintained, and
the regional ecological protection and restoration in the process of resource development
and utilization should be strengthened, as should the efforts of ecological environmental
monitoring, to avoid the degradation of the ecological environment. Large-scale agriculture
should be appropriately developed, solid steps to control agricultural non-point source
pollution should be taken, the planting industry with distinctive features should be actively
developed, and planting demonstration bases should be established with full impetus
to the development of emerging industries. The development of aquaculture should be
actively promoted, with aquatic products being vigorously developed, relying on the
waters; special towns and eco-tourism resorts can be created according to local conditions
in order to enhance the added value of the regional tertiary sector of the economy, improve
the township style and enhance the quality of life.

(3) Regarding the eastern mountain region of ecological-dominant and production-
limited area (relative average score 0.0621–0.0785–0.1574), the main features showed that
the ecological function was prominent, and the production and living functions need to be
improved, including 16 counties and cities, such as Yanji City and Dunhua City. There was
a lot of ecological land such as forest land or marsh land in this area, which was of great
significance for the maintenance of the ecological environment, protecting biodiversity
and maintaining the ecosystem balance. Priority should be given to the protection of the
ecological environment, and the development of methods which are damaging to ecological
resources should be strictly restricted. In the permitted construction areas, the supporting
facilities for urban and rural life should be improved, the efficiency of intensive land-use
conservation should be raised, the quality of the living environment should be improved,
and the tourism industry should be moderately developed; green transformation and
development should be comprehensively sped up, actively building green industries. We
should make use of the geographical advantages of the border ports to attract foreign
capital to set up enterprises in the development zones, and thus increase employment
and expand income; modern green agriculture should be actively constructed, creating
industrial bases and introducing pollution-free agricultural products or green organic food.

(4) Regarding the western plains region of production-dominant and ecological-
conservation area (relative average score 0.1536–0.1211–0.0803), the main features were
that the production function dominates, with the subordination of the living function, and
the ecological function needs to be improved, including 10 counties and cities, such as
Songyuan urban area and Baicheng urban area. The habitats in these areas were fragile.
In recent years, the ecological function declined. A large amount of ecological land was
transferred to productive land, and the scale of the cultivated land increased, but land
degradation—such as land salinization and desertification—was serious. We should focus
on land degradation, actively carry out ecological restoration work, deepen the implemen-
tation of the five-year action plan thoroughly for ecological protection and construction,
return farmland to forests and grassland for conversion to wetlands, and strengthen the
construction of ecological projects such as grassland, forestry and wetlands. We should
adjust the agricultural structure, develop ecological agriculture and special agriculture,
and vigorously support farmers to grow special cash crops. We should increase the added
value of our products, establish large-scale demonstration production bases of agricultural
products with distinctive features, and develop the intensive processing of agricultural
products with distinctive features; Fuyu City, Changling County, Qian’an County and
Qianguo County, as the national advanced counties in grain production, should strengthen
the prevention and control of agricultural pollution, rationally apply organic fertilizer,
prevent soil from sloughing, improve soil fertility, and increase the crop yield. In Songyuan
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region, we should exploit oil and other mineral resources properly, prevent and control
the deterioration of the ecological environment, and pay attention to land rehabilitation
after mining.

4. Conclusions and Discussion

The PLES classification system and the PLE functions’ comprehensive evaluation
index system were established in this paper, and the land use status data were used
for classification evaluation, combined with spatial analysis methods and the coupling
coordination degree model. This paper analyzed the evolution characteristics of the PLES
in Jilin Province and the changes of the coordination level, and provided a strategy for
the coordinated development and spatial layout optimization of territorial space in Jilin
Province, as well as a valuable reference for the territorial space planning. The main
conclusions of this paper are as follows:

(1) The ecological space scale was the largest, followed by the production space, and
the living space scale was the smallest in Jilin Province. In the past two decades,
the ecological space area gradually decreased from 69.57% in 1998 to 56.29% in 2018,
and the living space area increased slightly from 3.95% in 1998 to 4.36% in 2018. The
production space area showed little change in the first decade of the study period,
increasing from 31.95% in 2008 to 39.39% in 2018.

(2) The spatial distribution pattern of the PLES in Jilin Province showed a remarkable
clustering feature, and there were many “high–high” and “low–low” types. The
production space was mainly concentrated in the central region, and the proportion
of the production space in the western region had been increasing in recent years.
The living space was mainly concentrated in the central region of Jilin Province; the
ecological space was mainly concentrated in the eastern region and the western region.
There was a decreasing trend in the study period.

(3) The PLES functions in each county of Jilin Province were in the coupling coordination
level of being slightly and moderately uncoordinated, and the coordination needs to
be improved. The coupling coordination degree showed the spatial differentiation
characteristics of “high in the east and west, low in the east; high in the plain and low
in the mountain”. Through the hot spot analysis, it was found that the hot spots were
scattered in 1998, with a single-core reunion in 2008, and scattered in the western and
central regions in 2018. The cold spots were all concentrated in the eastern part. Yanji
City was taken as the single core in 1998, showing zonal distribution; the cold spots
showed a layer structure in 2008, and a decreasing trend in 2018.

(4) Jilin Province was divided into four areas in this paper: the central plains and hills re-
gion of productive and living complex functions area, the central–eastern hills region
of ecological and productive complex functions area, the eastern mountain region of
ecological-dominant and production-limited area, and the western plains region of
production-dominant and ecological-conservation area. According to the character-
istics and main problems of the different types of areas, this paper put forward the
optimization methods to promote the coordinated development of the PLES.

The clarification of the law of the spatiotemporal evolution of the PLES; the exploration
of the synergy effect of the production, living and ecological functions of the land space;
and the coordination of the contradiction between the development needs of multi-interest
subjects and the allocation of PLES resources is an important theoretical guide to promote
the coordinated development of regional space, and also an important basis to promote
the realization of the overall goal of the rural revitalization strategy in Jilin Province. The
comprehensive evaluation of the PLES functions provided a decision-making reference for
the division of the PLES, the compilation of territorial space planning, and the coordinated
development of the territorial space. This paper had reference significance for the study
of the optimized layout of territorial space in Jilin Province from the macro-scale, but the
landscape pattern, structure and driving forces had not been studied at the micro-scale;
the classification of the PLES land use did not fully consider its multifunctionality. The
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agricultural production function and the production function of the secondary and tertiary
industries were not clearly distinguished. The optimized areas need to be refined in order to
include more comprehensive features and solutions. In the future, the functional orientation
and development direction of each county and township in Jilin Province will be studied in
depth from the micro-scale, and the different development potentials of each region should
be excavated. We should rely on the superior resources of Jilin Province to rejuvenate
the industries and thus drive the region to realize the revitalization of industries, talents,
culture, ecology and organizations; it will provide an effective program for the formulation
of territorial space planning, and will promote regional sustainable development and the
rational utilization of land resources.
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