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Abstract: The study of land use efficiency (LUE) evaluation and coupled coordination (CC) relation-
ships under the perspective of urbanization can reasonably allocate land resources and contribute
to the solution for agriculture, rural areas, and farmers. The LUE evaluation index system is con-
structed in three aspects: economy, society, and ecology. Then the LUE and CC degrees of Yunnan
Province from 2010 to 2020 are measured, and the characteristics of LUE and the relationship of CC
in each administrative region at each level are analyzed in space. Besides, the overall LUE and CC
relationship in Yunnan Province is described. The study concludes that (1) The urbanization process
in Yunnan Province is accelerating, unused land is decreasing, and construction land is increasing.
(2) During the study period, the LUE of Kunming was much higher than that of other regions. The
economic efficiency of the inner circle cities centered on Kunming is higher, while the economic
efficiency of the outer circle cities is lower; social efficiency is increasing year by year except for
Nujiang and Diqing, showing a higher pattern in the east than in the west; ecological efficiency is
not increasing year by year except for Kunming, Qujing, and Lijiang, showing a higher pattern in
the east than in the west; comprehensive efficiency is on the rise, with Kunming and Qujing leading
the way with the overall pattern of “east > central > west”. The high-value area is relatively stable,
and the low-value area has a clear tendency to shift eastward. (3) The coupling level of economic,
social, and ecological efficiency of land use in administrative regions of Yunnan Province is low, but
the coupling relationship is gradually optimized, showing the “contiguous effect” and realizing the
state of extreme disorder to severe disorder in a large area. (4) The overall CC of three subsystems
in Yunnan Province shows a fluctuating upward trend; the comprehensive efficiency index has an
upward trend except for a slight decrease in 2017–2018; from 2010 to 2019, ecological and social
efficiency is better than economic efficiency.

Keywords: land use efficiency; spatial and temporal evolution; coupled coordination; urbanization;
Yunnan Province

1. Introduction

The land is an integrated economic–social–natural complex system, as reflected in
its ability to constrain economic growth as well as provide productive living space for
human life and bring an abundance of energy [1,2]. Therefore, in order to meet the needs
of production and life, humans have continuously exploited the land and thus changed
the land use type [3]. From the perspective of urbanization, it requires us to both improve
the efficiency of land use and balance the relationship between systems to promote the
healthy development of CC relationships [4,5]. The level of urbanization affects land use [6].
The United Nations reports that 56% of people were concentrated in cities in 2021, and by
2050, these numbers will exceed 68% [7]. The accelerated global urbanization process has
brought great challenges to the intensive use of land, resulting in prominent human–land
conflicts and reduced LUE [8,9]. Sustainable development cannot be achieved without land
management [10]. The CC of LUE affects the urbanization process, and how to maintain the
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healthy development of land use and enhance LUE among economy, ecology, and society
has become the focus of scientific research and governmental strategic decisions [11–13].
In 2022, the Yunnan Provincial People’s Government pointed out in the Plan of Yunnan
Province as a Pioneer in the Construction of Ecological Civilization (2021–2025) that Yunnan
Province should play the role of a pioneer in promoting comprehensive economic and
social transformation and improving environmental quality. The promulgation of relevant
policy documents has reinforced the importance of the economy, society, and ecology [14].
Currently, the overall level of urbanization in China is gradually increasing [15]. The conflict
between urban growth and ecology has intensified with the expansion of construction land
and the shrinking of ecological land [16]. The reason for the above situation is that the land
use is in a state of imbalance, and we need to take the sustainability and health assessment
of the region as the reciprocal for the balanced use of land resources [17]. For land resources
to be allocated properly and LUE to be improved, China proposed in 2014 to promote that
land be used in an intensive way [18]. In order to realize the growth of LUE, it is pivotal to
carry out an evaluation and coordinated analysis of LUE [19].

Since land exists as a resource and will eventually be used by humans, there is bound to
be utilization efficiency, which is LUE [20]. Different research perspectives lead to different
definitions of LUE. One is described in terms of inputs and outputs (also known as economic
effects achieved), while the other is considered in terms of comprehensive indicators [21].
For example, scholars from an economic perspective define it as the ratio of the value
added of secondary and tertiary industries to the area of construction land (also called
construction land productivity) [22,23]; they also describe it as the economic output per unit
area of land [24]. We prefer to use comprehensive indicators to define LUE. Because LUE
reflects the relationship between human activities and nature, integrating economic, social,
and ecological aspects, it can adequately measure the relationship between the harmonious
development of the three [25]. Resource allocation theory is an important support for the
study of LUE, which points out the link between the rational allocation of land resources
and LUE [26]. Therefore, we evaluate whether LUE can not only realize the efficient use
of land resources but also achieve the sustainable development of the region [27]. The
evolution of this concept can also be seen in the process of scholarly research on LUE.
Initial research on LUE focused on exploring economic efficiency, such as the theory of land
rent and land price, which is an important guide for the economic evaluation and rational
open use of land resources [28]. Of course, the dominant role of economics and politics
on land is also an important reason for neglecting the social and environmental elements
of LUE [29]. Although the accelerated urbanization process can bring huge economic
efficiency, it also comes with increased social and ecological costs [30]. On this basis, people
gradually realized that economic development should be based on good ecology, and thus
the economic and ecological efficiency of land use were evaluated [31]. Nowadays, to
achieve a harmonious coexistence of population, land, environment, and economy, the
evaluation of LUE requires us to consider not only economic efficiency but also ecological
and social efficiency [32].

Equilibrium between systems is very important, and coupling relationships emphasize
the interaction between systems [33]. The term coupling originates from the physical con-
cept, which refers to the phenomenon that two or more systems or forms of motion affect
each other through various interactions [34]. As scholars study the coupling relationship
more and more, its connotation has become correspondingly broad, and it has also been ap-
plied to various research fields such as geography, agronomy, and economics [35]. Studying
the level of coupled and coordinated development between systems by studying coupling
relationships alone is not enough; we also have to introduce coupling coordination relation-
ships. CC helps study the nonlinear relationships between systems [36]. In addition, it can
describe the structure and dynamic development trend of the system [37,38]. In this study,
the three subsystems of economic, social, and ecological efficiency interacting and feeding
back are defined as the CC of LUE in mountainous areas of southwest China [39]. Exploring
the mutual interaction of the three subsystems can provide a better understanding of how
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LUE affects the sustainable development of regional lands. Therefore, we conducted a
study on the evaluation of LUE and CC and were able to use the results as a basis for
achieving a rational allocation of land resources.

China’s southwestern mountainous provinces are particularly ecologically sensitive
and often face challenges with sustainable land use. It is important for China to construct a
strategic pattern of ecological security based on “two screens and three belts” to achieve
sustainable development. Yunnan is located within the ecological barrier of the Sichuan–
Tiannan–Huangtu Plateau and the southern hilly mountain belt, which is an important
support area for building a strategic ecological security pattern. What is the land use
situation in Yunnan Province? What methods are used to measure LUE? What are the
temporal changes and spatial distribution of LUE? How will the different systems interact
with each other? To investigate these questions, we set four research objectives: (1) To
analyze LUE in Yunnan Province; (2) To measure LUE in Yunnan Province; (3) To explore
the spatial and temporal evolution characteristics of LUE; (4) To clarify the degree of
interaction between LUE systems. To achieve these objectives, this study will use Yunnan
Province as the study site and the period of 2010–2020 as the study period. Firstly, we
analyze the interaction of land use and urbanization in Yunnan Province based on three
phases of land use data in 2010, 2015, and 2020. Secondly, the entropy-weighted TOPSIS
(Technique for Order Preference by Similarity to an Ideal Solution) method is applied to
measure the time series of LUE to analyze the changes in the time series. Thirdly, the
spatial series is visualized in ArcGIS10.8 to analyze the spatial pattern of LUE. Finally, the
CC degree model is constructed to analyze the CC of LUE. By evaluating the efficiency
achieved by land use in Yunnan Province between 2010 and 2020, it can reveal the level
of LUE in the mountainous provinces of southwest China, further enrich and improve
the evaluation system of LUE, provide a reference for rational land use in mountainous
areas of developing countries in the future, and be of indelible significance to alleviate the
problems caused by rapid urbanization in order to achieve the ecological, economic, and
social sustainability goals of land use.

2. Literature Review

Since the mid 1990s, international research on land use has been gradually carried out.
Since the ICSU (International Council for Science) and ISSC (International Social Science
Council) jointly established the Land Use Core Project Planning Committee in 1993, inter-
national organizations and countries have responded [40]. USGCRP (U.S. Global Change
Research Program) began research focused on land use cover change in North America in
1996; Japan proposed the project “Land Use Research for Global Environmental Protection”
to explore sustainable land use in the Asia-Pacific region [41,42]. The achievement of
sustainable development goals can be influenced by land use [43]. So, how do we evaluate
the rationality of land use to achieve its sustainability [44,45]? Up to this point, many
scholars have conducted studies on LUE. In terms of research content, the study of LUE
has transitioned from one-way efficiency to comprehensive efficiency. Hu Tinglan et al. [46]
and Cui Dengpan et al. [47] evaluate the ecological efficiency of agricultural land and coal
cities, respectively, to provide a basis for future ecological efficiency evaluation studies. Hu
Yi et al. evaluated the LUE of counties in Jiangsu province and analyzed the characteristics
of spatial and temporal divergence. The research scales of LUE have also been continuously
updated by scholars. It involves countries, urban clusters, watersheds, etc. For example,
Guneralp Burak et al. found that LUE has decreased in India, China, North America, and
Europe as a result of accelerated urbanization [48]. Zhang Liguo et al. studied LUE in the
Yangtze River Economic Zone and found heterogeneity in the influencing factors [49]. Chu
Zhi et al. evaluated the ecological protection red line policy after the implementation of
the ecological efficiency of the Tarim River basin after the implementation of the ecological
protection red line policy evaluated by Chu Zhi et al. and found that the region has the
optimal ecological structure configuration [50]. The research has also been enriched and is
no longer limited to the study of LUE measurement but incorporates the analysis of spatial
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and temporal evolution and the study of CC relationships on the basis of measurement.
Tang Yingkai et al. studied the spatial and temporal changes of LUE in the Yangtze River
Delta and found that unbalanced factor inputs are an important reason for the high and low
distribution of LUE [51]. Wang Pai et al. proposed coupling LUE with rural revitalization
and found that the coupling grade of the two was high [52]. Zhang Mingdou et al. analyzed
the CC of LUE and urbanization in 34 prefecture-level cities in three northeastern provinces
and found that the two belonged to asynchronous development, usually lagging behind or
ahead of each other [53]. Liao Jihui et al. coupled economic, social, and ecological efficiency
and found that the development of CC is constrained by several factors [54].

The use of correct assessment methods and tools is an essential element of research [55].
Research methods are exceptionally rich for conducting multi-objective decision-making.
Lalisa Alemayehu Duguma used an expert scoring method to classify social and ecological
efficiency into 10 levels, each replaced by maize seeds of different values, allowing farmers
to assess LUE by placing seeds [56]. Subsequently, the AHP (the Analytic Hierarchical
Process) method was developed on this basis, which is a subjective assignment evaluation
method developed on the basis of the expert scoring method and is used to calculate
the indicator weights by judging the importance of the indicators and scoring them by
experts [57]. Zhu Xincheng et al. used the hierarchical analysis method for land use. Peng
Ying et al. used factor analysis to evaluate the efficiency of cultivated land use in Shandong
Province [58]. Subsequently, it was gradually realized that each of them gave different
importance to the indicators, and therefore there were differences in the assigned values.
Since the indicator pairs are scored by pairs of seeding methods through experts who
analyze the importance of indicators two by two and thus obtain the indicator weights of
each evaluation system, the results are somewhat subjective. So, scholars tend to use some
slightly objective methods, such as Aris Gaaf et al., who used the cost–benefit method to
evaluate the economic value of ecological networks and expanded this method to broader
economic value of land use [59]. Zhang Pengyan et al. used principal component analysis
to evaluate the influence factors of cultivated LUE in Henan Province [60]. However, the
above methods also have some disadvantages, such as high requirements for evaluation
sample size, and these methods do not reflect the distance between the evaluation object
and the idealized target, so we use the entropy-weighted TOPSIS method to measure the
land use effectiveness by referring to the research of related scholars. At present, when most
scholars evaluate LUE, they usually adopt the method of comprehensive measurement
of multiple indicators. The general idea is to construct a multi-level evaluation index
system, standardize it to eliminate the influence of different scales on the evaluation results,
calculate the weights of the indexes, and then carry out the integrated index, which is the
entropy-weighted TOPSIS method [61]. Scholars have used the entropy-weighted TOPSIS
method to obtain the weights of each indicator of LUE objectively and to calculate the
distance between each indicator and the idealized target, which improves the accuracy of
LUE evaluation results [62,63].

3. Materials and Methods
3.1. Study Area

Yunnan Province is located in southwest China; the northwest, north, northeast, and
east are adjacent to Tibet, Sichuan, Chongqing, Guizhou, and Guangxi; the west, south,
and southeast are bordered by Myanmar, Laos, and Vietnam (Figure 1). It is located
between 21◦8′ N and 29◦15′ N, 97◦31′ E and 106◦11′ E. Yunnan Province spans six major
water systems: the Yangtze, Pearl, Yuan, Lancang, Salween, and Irrawaddy Rivers, with
subtropical, tropical monsoon, and highland mountain climates. The province had a
resident population of 46.9 million in 2021 and a total GDP of about 2714.676 billion CNY,
ranking 18th in the country. The unique climate of Yunnan province has created rich land
resources such as high mountains (Yulong Snow Mountain), canyons (Nujiang Grand
Canyon), karst landscapes (Puzhehei), modern glaciers (Mingyong Glacier), highland lakes
(Dianchi Lake), etc. The obvious difference in altitude in Yunnan Province has led to a large
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gap in LUE between administrative regions at different levels, obvious differences in the
ecological environment, and uneven economic and social development. Therefore, it is
pivotal to study the evolution characteristics in time and space of LUE and the relationship
of CC in Yunnan Province.
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3.2. Data Sources

Considering the scientific quality and accessibility of the data, 2010–2020 was cho-
sen as the time point for the study. The 30 M resolution land use data were obtained
from the Resource and Environmental Science Data Center of the Chinese Academy of
Sciences (http://www.resdc.cn, accessed on 8 May 2023), in which the land use types
were classified into 6 primary categories and 25 secondary land types, where the primary
land use types include: cultivated land, woodland, grassland, waters, construction land,
and unused land, and the secondary land use types are further subdivided on the basis
of the primary land use types, including paddy land, dry land, forest land, shrubland,
etc. [64]. The administrative zoning data are obtained from the 1:1,000,000 national basic
geographic databases of the National Geographic Information Resources Catalogue Service
(https://www.webmap.cn/, accessed on 8 May 2023), which contains nine data sets of
water systems, transportation, boundaries, and political areas, etc. and can fully meet the
needs of administrative zoning mapping. We select H47, H48, G47, G48, F47, and F48
databases, use the merge function in geoprocessing to merge the administrative interface,
fuse the merged elements with “name” as the field, and merge the administrative districts
to get the administrative division map of Yunnan Province according to the research re-
quirements. The DEM digital elevation data of Yunnan Province (90 M resolution) was
obtained from the geospatial data cloud (http://www.gscloud.cn, accessed on 8 May 2023)
by stitching and cropping multiple remote sensing images, which is image data cover-
ing more than 80% of the earth’s land surface and enables the simulation of topography
through digital representation [65]. We selected images utm_srtm_56_07, utm_srtm_56_08,
utm_srtm_57_07, utm_srtm_57_08, utm_srtm_58_07, and utm_srtm_58_08 to apply the
mosaic function and mosaic with utm_srtm_58_08 as the target raster. We add the vector
map of the administrative divisions of Yunnan Province and use the crop function to crop
the raster after the mosaic to get the DEM of Yunnan Province. Statistical Yearbook can
reflect the economic and development situation of each region comprehensively and also

http://www.resdc.cn
https://www.webmap.cn/
http://www.gscloud.cn
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reflect certain ecological and environmental issues. The data on GDP per capita, gross
regional product, area of each administrative region, value added of industrial product,
local public finance budget revenue, population density, retail sales of social consumer
goods, water consumption, grain sown area, greenery coverage area, green space per capita,
the green coverage area of built-up areas, and total afforestation area are mainly from
the Yunnan Statistical Yearbook 2010–2020, statistical yearbooks of Yunnan administrative
districts, statistical bulletins, government websites, etc. It is worth noting that the economic
density of each administrative district is the ratio of gross regional product to the area of
the district.

3.3. Index System and Security Level Classification
3.3.1. Indicator System Construction

The top priority in conducting LUE is to develop an evaluation system for LUE. LUE is
a system that integrates economic efficiency, social efficiency, and ecological efficiency, and
the level of LUE depends on the joint action of these 3 systems. In a bid to gain insight into
the interactions of each system, we selected 12 indicators to construct the LUE evaluation
index system based on the reality of Yunnan (Table 1). The target layer is the comprehensive
LUE, and the criterion layer contains economic efficiency, social efficiency, and ecological
efficiency. Meanwhile, each criterion layer contains 4 evaluation indicators.

Table 1. Evaluation index system of LUE in Yunnan Province.

Target Layer Guideline Layer Indicator Layer Weights Indicator Properties

Comprehensive LUE

Economic efficiency

GDP per capita 0.0580 +
Economic density 0.1307 +

Value added of industrial GDP 0.1333 +
Local public finance budget revenue 0.1490 +

Social efficiency

Population density 0.0631 −
Retail sales of social consumer goods 0.1640 +

Water consumption 0.0438 −
Grain sown area 0.0687 +

Ecological efficiency

Green coverage area 0.1079 +
Green space per capita 0.0148 +

The green coverage area of the
built-up area 0.0125 +

Total afforestation area 0.0541 +

Note: The weights (ωj) in the table are calculated from Equation (3).

3.3.2. CC Level Classification

This paper draws on the research findings of Liao Chongbin [66]; a uniform distribu-
tion function is used to classify the CC into 10 levels (Table 2).

Table 2. Classification criteria for the level of CC.

Coupling Degree Coupling Coordination Level Coupling Degree Coupling Coordination Level

0.00–0.09 Extreme disorder 0.50–0.59 Barely coordinated
0.10–0.19 Severe disorders 0.60–0.69 Primary coordination
0.20–0.29 Moderate disorder 0.70–0.79 Intermediate coordination
0.30–0.39 Mild disorders 0.80–0.89 Good coordination
0.40–0.49 On the verge of disorder 0.90–1.00 Quality coordination

3.4. Methods
3.4.1. Measurement Method of LUE—Entropy-Weighted TOPSIS Method

The TOPSIS method is an analytical method for conducting multi-objective decision-
making [67] and was first proposed by Ching-Lai Hwang and Kwangsun Yoon [68]. The
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traditional TOPSIS method calculates and ranks the proximity between evaluation objects
and idealized objectives to determine the merits of evaluation objects. However, there
are some problems with applying this method to comprehensive evaluation [69]. Relying
on information entropy can reduce decision errors and improve decision accuracy, and
the entropy-weighted method is to determine the weights by the entropy value in each
index and reduce the subjective bias brought by human assignment [70]. Therefore, in
this study, we choose to improve the TOPSIS method by adding the entropy-weighted
method, which calculates the weights of evaluation indicators and introduces the weights
into the calculation process of the TOPSIS method, which can eliminate the evaluation
errors caused by subjective factors and can improve the accuracy of evaluation results. In
addition, the entropy-weighted TOPSIS method has the characteristics of being simple to
operate, intuitive, and easy to understand, and there is no restriction on the number of
samples [71,72].

1. Entropy-weighted method

Firstly, we construct a system of indicators of LUE in Yunnan Province and mark
the nature of each indicator with “+” for the positive indicator and “−” for the negative
indicator. The first step of the entropy-weighted method is to distinguish the types of
indicators, including positive indicators, negative indicators, and interval indicators. The
positive indicator means that the indicator has a positive effect on the evaluation result, and
the larger the value, the greater the positive effect on the evaluation result (the larger the
value, the better); the negative indicator means that it has a negative effect on the evaluation
result, and the larger the value, the greater the inhibitory effect on the evaluation result
(the smaller the value, the better); the interval indicator means that an indicator is best only
within a determined interval.

Secondly, we construct the matrix and unify the indicator types: there are n evaluation
objects and m evaluation indicators composed of the matrix, and all indicators will undergo
an index normalization process to obtain the corresponding normalization matrix.

Thirdly, we calculate Pij by Equation (1) to eliminate the effect of the different indicators
of the scale, and this step is called the normalization process. After that, the entropy value
Ej is calculated by Equation (2).

Pij =
Xij√

∑n
i=1 X2

ij

(1)

Ej = −
1

lnn

n

∑
i=1

PijlnPij (i = 1, 2, . . . , n; j = 1, 2, . . . m) (2)

where n stands for the number of evaluation objects. Pij stands for the weight of the ith
evaluation object with respect to the jth indicator. Xij stands for the standardized indicator.

Finally, we calculate the weights ωj for each index by Equation (3).

ωj =
1− Ej

n−∑n
j=1 Ej

(3)

2. TOPSIS model

We define the maximum value according to Equation (4).

Z+ = (max{Z11, Z21, ···Zn1}···max{Z1m, Z2m, ···Znm}) (4)

We define the minimum value according to Equation (5).

Z− = (min{Z11, Z21, ···Zn1}···min{Z1m, Z2m, ···Znm}) (5)
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We calculate the distance between the object of evaluation and the maximum value
according to Equation (6).

D+
i =

√√√√ m

∑
j=1

ωj

(
Z+

j − Zij

)2
(6)

We calculate the distance between the object of evaluation and the minimum value by
Equation (7).

D−i =

√√√√ m

∑
j=1

ωj

(
Z−j − Zij

)2
(7)

We calculate the proximity Si by Equation (8).

Si =
D−i

D+
i + D−i

(0 ≤ Si ≤ 1) (8)

where Si represents the index of LUE. The larger the Si, the smaller the D+
i , that is, the

closer to the maximum value, the better the condition of each indicator; conversely, the
worse the condition of the indicator.

3.4.2. Measurement Method of CC—CC Degree Model

1. We define the development level of the LUE guideline layer

We use the LUE index to express the level of development. The F(x) denotes the level
of development of economic efficiency; the S(y) indicates the development level of social
efficiency; and E(z) denotes the development level of ecological efficiency.

2. We calculate the coordination index of the standard layers by Equation (9).

T = αF(x) + β S(y) + γE(z) (9)

3. There are 3 criterion layers. We take α = β = γ = 1
3 in Equation (10).

T =
F(x) + S(y) + E(z)

3
(10)

4. We calculate the coupling degree of the criterion layer by Equation (11).

C =
3 3
√

F(x) + S(y) + E(z)
F(x) + S(y) + E(z)

(11)

5. We calculate the CC of the criterion layer by Equation (12).

D =
√

T × C (12)

where T denotes the coherence index, C denotes the coupling degree, D denotes the CC
degree, and D ∈ (0, 1). The closer the value of D is to 1, the better the coupling state of the
subsystem; vice versa, the worse the coupling state.

3.4.3. Analysis of Spatial Variation—Spatial Variational Model

1. Spatial variance function

The spatial variance function, also known as the semi-variance function, can effectively
reveal the spatial variability characteristics of the study object [73,74]. Therefore, we choose
this model to reveal the evolutionary characteristics of the spatial pattern of comprehensive
LUE in Yunnan Province, and the function expression is Equation (13).

γk =
1

2N(k)

N(k)

∑
i=1

[Y(xi)−Y(xi + k)]2 (13)
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where Y(xi) and Y(xi + k) are divided into the LUE of Y(x) on spatial units xi and (xi + k),
and N(k) denotes the sample size with separation distance k.

2. Kriging interpolation

Kriging interpolation is an optimal linear unbiased spatial modeling and interpolation
method for unknown sample points based on semi-variance functions [75]. We use Kriging
interpolation to analyze the basic situation of LUE at unknown sample points and to
explore their spatial divergence laws at a deeper level with the functional expression of
Equation (14).

Y(x0) =
n

∑
i=1

λiY(xi) (14)

where Y(x0) denotes the unknown points, Y(xi) denotes the known sample points, λi
denotes the weight of the ith sample point on the unknown points, and n denotes the
number of known points.

4. Results
4.1. Analysis of Land Use in Yunnan Province

To understand the land use changes in Yunnan Province, we analyzed land use data
from three periods, which were interpreted from remote sensing maps (Figure 2). In Table 3,
the areas of each land use type in Yunnan Province are woodland, grassland, cultivated
land, constructed land, waters, and unused land in descending order. The main land
use types are cultivated land, woodland, and grassland, and the three account for about
97.75%, among which the area of woodland accounts for the largest proportion. For the
time change, the area of cultivated land has been decreasing year by year, and it decreased
by 1.58% from 2010 to 2020, which is due to the policy of “returning cultivated land to the
woodland” called for in China. From 2010 to 2020, the area of waters gradually increased,
which is related to the increase of ice and snow melt water from high mountain glaciers
in Yunnan Province due to climate warming. With accelerated urbanization, the unused
land decreases year by year and the constructed land increases year by year; it increases by
1643.38 km2 in 10 years; the area ratio increases from 0.81% (2010) to 1.24% (2020). The area
of constructed land in 2020 is 1.53 times that of it in 2010, which is the inevitable trend of
urbanization development.
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Table 3. Area of different land use and its proportion in Yunnan Province from 2010 to 2020.

Land Type
2010 2015 2020 Rate of Change/%

Area
Area/km2 % Area

Area/km2 % Area
Area/km2 % 2010–2020

Cultivated land 68,599.06 17.91% 68,328.88 17.84% 67,526.44 17.63% −1.58%
Woodland 220,220.13 57.50% 219,944.13 57.44% 219,490.13 57.31% −0.33%
Grassland 86,623.25 22.62% 86,493.38 22.59% 85,838.75 22.41% −0.91%

Waters 2872.44 0.75% 3171.44 0.83% 3816.50 1.00% 24.74%
Constructed land 3100.06 0.81% 3432.31 0.90% 4743.44 1.24% 34.65%

Unused land 1568.50 0.41% 1566.88 0.41% 1554.81 0.41% −0.88%

4.2. Analysis of the Spatial and Temporal Evolution of LUE in Administrative Regions of
Yunnan Province

The LUE index was calculated by Equations (1)–(8), and 2010, 2015, and 2020 were
selected as the research time nodes with a view to analyzing the evolution in time and space
of LUE. To facilitate the analysis of the temporal changes of LUE in Yunnan Province, line
charts were made. With the aim of demonstrating the spatial variation of LUE in Yunnan
Province, the calculated values were imported into ArcGIS10.8 software for visualization,
and the natural breakpoint method was used to divide the LUE into 5 categories, which are
low-value area (LA), sub-low-value area (SLA), medium value area (MA), sub-high-value
area (SHA), and high-value area (HA), to obtain the pattern distribution in time and space
of LUE in Yunnan Province (Figures 3–6).

4.2.1. Spatial and Temporal Evolution of Economic Efficiency

Figure 3 shows the spatial and temporal patterns of economic efficiency in Yunnan
Province. Figure 3a shows that the economic efficiency index of administrative regions in
Yunnan Province increases year by year, and the top ones are Kunming, Yuxi, and Qujing in
order, and the economic efficiency of Kunming is obviously better than other administrative
regions and increases most obviously. As can be seen from Figure 3b, from 2010 to 2015, all
the LAs of ecological efficiency in the southwestern prefecture of Yunnan Province were
transformed into the SLA, and Lijiang was also transformed from the LA to the SLA; from
2015 to 2020, Lijiang, Lincang, Pu’er, and Xishuangbanna were transformed from the SLA
to the LA. The economic efficiency of each administrative region in Yunnan Province from
2010 to 2020 shows a trend of higher economic efficiency in the inner circle cities centered
on Kunming and lower economic efficiency in the outer circle cities. The HA (Kunming),
SHA (Yuxi, Qujing, and Honghe), and MA (Dali, Chuxiong, and Zhaotong) are unchanged;
the number of SLAs increases and then decreases; the number of LAs decreases and then
increases; and the value areas in which Diqing, Baoshan, Wenshan (SLA), and Nujiang (LA)
are located remain largely unchanged.



Agriculture 2023, 13, 1343 11 of 24

Agriculture 2023, 13, 1343 11 of 25 
 

 

Diqing, Baoshan, Wenshan (SLA), and Nujiang (LA) are located remain largely un-
changed. 

(a) 

 
(b) 

Figure 3. Spatial and temporal patterns of economic efficiency in Yunnan Province. (a) Spatial pat-
terns of economic efficiency in Yunnan Province; (b) Temporal patterns of economic efficiency in 
Yunnan Province. 

4.2.2. Spatial and Temporal Evolution of Social Efficiency 
Figure 4 shows the spatial and temporal patterns of social efficiency in Yunnan Prov-

ince. Figure 4a shows that the social efficiency index in Yunnan Province from 2010 to 
2020 shows an upward trend except for Nujiang and Diqing, where the change is not ob-
vious. The periods of 2010–2015 and 2015–2020 both had the most obvious rise in eco-
nomic efficiency for Kunming. From Figure 4b, it can be seen that all the administrative 
regions in Yunnan Province changed from 2010 to 2015 except Wenshan (SHA), which 
dropped by one interval; from 2015 to 2020, the administrative regions in Yunnan Prov-
ince remained unchanged. For 2010–2020, the social efficiency in Yunnan Province 
showed that the east was higher than the west, and the interval change was less obvious. 
The year 2010 had a higher number of SHA, accounting for 16% of the total. In 2010, the 

Figure 3. Spatial and temporal patterns of economic efficiency in Yunnan Province. (a) Spatial
patterns of economic efficiency in Yunnan Province; (b) Temporal patterns of economic efficiency in
Yunnan Province.

4.2.2. Spatial and Temporal Evolution of Social Efficiency

Figure 4 shows the spatial and temporal patterns of social efficiency in Yunnan
Province. Figure 4a shows that the social efficiency index in Yunnan Province from 2010 to
2020 shows an upward trend except for Nujiang and Diqing, where the change is not obvi-
ous. The periods of 2010–2015 and 2015–2020 both had the most obvious rise in economic
efficiency for Kunming. From Figure 4b, it can be seen that all the administrative regions in
Yunnan Province changed from 2010 to 2015 except Wenshan (SHA), which dropped by
one interval; from 2015 to 2020, the administrative regions in Yunnan Province remained
unchanged. For 2010–2020, the social efficiency in Yunnan Province showed that the east
was higher than the west, and the interval change was less obvious. The year 2010 had a
higher number of SHA, accounting for 16% of the total. In 2010, the number of SHAs was
higher, accounting for 16% of the total, mainly concentrated in the eastern part of Yunnan
Province. The middle-value area was gathered in the central and west of Yunnan Province.
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The SLA distribution was scattered. The LA was concentrated in the northwestern part of
Yunnan Province. In 2015 and 2020, the value area of each administrative region did not
change, except for the decrease in the number of SHAs, the rest is the same as 2010.
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4.2.3. Spatial and Temporal Evolution of Ecological Efficiency

Figure 5 shows the spatial and temporal patterns of ecological efficiency in Yunnan
Province. As can be seen from Figure 5a, except for Kunming, Yuxi, Wenshan, Xishuang-
banna, and Diqing, the ecological efficiency of all the administrative regions did not increase
over time, with the most significant increase in ecological efficiency in Kunming from 2010
to 2015 and the most significant increase in ecological efficiency in Zhaotong from 2015
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to 2020. As can be seen from Figure 5b, Dali showed changes from the SHA to the SLA
during 2010–2015. From 2015 to 2020, Dali, Baoshan, Pu’er, Xishuangbanna, Zhaotong, and
Wenshan all rose by one value area, Lijiang and Lincang fell by one value area, and the rest
of the administrative regions saw changes. From 2010 to 2020, the east of Yunnan Province
had higher ecological efficiency than the west. In 2010, only Kunming was in the HA, the
LA was concentrated in the northwest, and the distribution of the remaining value areas
did not show obvious patterns; in 2015, the HA remained unchanged, the number of SHAs
decreased, and the number of LAs increased; in 2020, the distribution of each value area
gradually gathered, and the SHA and the middle-value area were both of the belt type. The
HA did not change, the number of SHAs and MAs increased, the number of LAs and SLAs
decreased, and the overall development trend was good.
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4.3. Analysis of Spatial and Temporal Evolution and Spatial Differentiation of
Comprehensive Efficiency
4.3.1. Analysis of the Spatial and Temporal Evolution of Comprehensive Efficiency

Figure 6 shows the spatial and temporal patterns of comprehensive efficiency in
Yunnan Province. Figure 6a shows that the comprehensive efficiency of all administrative
regions in Yunnan Province from 2010 to 2020, except Lijiang, is on the rise, with Kunming
and Qujing leading the way and Pu’er and Nujiang having less significant changes in
comprehensive LUE. As can be seen from Figure 6b, from 2010 to 2015, Dali transformed
from SHA to MA; Lijiang is transformed from the MA to the SLA; Qujing is transformed
from the LA to the SLA; the comprehensive efficiency range of the rest of the administrative
regions remained unchanged; from 2015 to 2020, Lincang and Pu’er were transformed from
MA to the SLA, and the comprehensive LUE range of the rest of administrative regions
remained unchanged. In 2010, the percentages of HAs, SHAs, MAs, SLAs, and LAs were
6.25%, 31.25%, 37.5%, 12.5%, and 12.5%, respectively. In 2015, the number of SHAs and
LAs decreased, the number of SLAs increased, and the number of remaining value areas
remained unchanged. In 2020, compared with 2015, except for the LAs and HAs, the value
areas of the rest of the administrative areas changed, with the number of SLAs increasing
and the number of MAs and SHAs decreasing.

4.3.2. Spatial Differentiation Analysis of Comprehensive Efficiency

The spatial variation function can be useful for identifying the spatial structure of
comprehensive efficiency. By analyzing its variation pattern, it can reflect the spatial evolu-
tion pattern of comprehensive efficiency in Yunnan Province in more detail. In ArcGIS10.8,
the comprehensive efficiency of Yunnan Province from 2010 to 2020 is assigned to the
center point of each administrative region, and the semi-variance model with the best fit is
selected for kriging interpolation to analyze the variation pattern and distribution pattern
of comprehensive efficiency in Yunnan Province. Figure 7 shows the interpolation results.

The results of Kriging interpolation show that the comprehensive efficiency of land use
in Yunnan Province has certain extension and regularity in space. The spatial divergence is
significant. The overall pattern of “east > central > west” is stable in the high-value area,
while the low-value area has an obvious eastward shift (the high-value area and low-value
area described here are different from those mentioned in the analysis of spatiotemporal
patterns of LUE above). In 2010, the eastern region formed a clear “peak-like” structure
with Kunming as the core, while the contour lines in the west were sparse, indicating that
the comprehensive efficiency in the east was higher, while the comprehensive efficiency
in the west was lower but developed in a balanced way. The contour lines become dense,
indicating that the high-value area is clustered. In 2020, the contour lines of the high-value
area with Kunming as the core slightly spread outward, and the core area of the western
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“low valley” showed a tendency to spread outward, indicating the difference in regional
comprehensive efficiency.
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4.4. Analysis of the Spatial and Temporal Evolution of the CC Relationship of Administrative
Regions in Yunnan Province

The CC of three subsystems of LUE in the administrative regions of Yunnan Province
from 2010 to 2020 is calculated by Equations (9)–(12). The interannual variation and average
value of the CC of administrative regions in Yunnan Province in 2010, 2015, and 2020 are
obtained according to the criteria of CC level classification (Table 4), which is spatially
visualized with the help of ArcGIS10.8 software. We made a map of the changing trend of
the CC degree of Yunnan administrative regions (Figure 8) and a map of the spatial pattern
distribution of the CC relationship of LUE in Yunnan administrative regions (Figure 9).

From Figure 8, the average CC level of Yunnan administrative regions includes extreme
disorder, severe disorder, moderate disorder, and on the verge of disorder, with Kunming
on the verge of disorder, Qujing and Honghe being moderate disorder, Diqing, Nujiang,
Lijiang, and Xishuangbanna being extreme disorder, and the rest being severe disorder.
This shows that the coupling level of economic, social, and ecological efficiency in Yunnan
administrative regions is generally not high. From 2010 to 2020, the CC degree of each
administrative region was on the rise, and the CC relationship improved, with the most
obvious improvement in Kunming.

From Figure 9, the coupling relationship of each subsystem of LUE in Yunnan adminis-
trative regions is gradually optimized, and the CC relationship shows a “contiguous effect”,
realizing a state from a large area of extreme disorder to a state of a severe disorder. The
coupling level of LUE of administrative regions in Yunnan Province has obvious spatial
variability, which shows that the CC of administrative regions around the provincial capital
city is higher than the rest. From 2010 to 2015, the CC degree transforms from a state
dominated by large areas of extreme disorders to a state dominated by severe disorders,
and Kunming rises from mild disorders to on the verge of disorder. From 2015 to 2020,
the number of administrative regions with mild disorders increased, and Zhaotong and
Yuxi rise by one coupling interval in 2020 compared with 2015; the CC relationship in
southern Yunnan Province improves significantly, and the extremely disordered adminis-
trative regions (Xishuangbanna) rose to moderate disorder. Comparing 2010 and 2020, we
find that Kunming is the city with the strongest comprehensive development advantage
in Yunnan Province, so the CC is relatively high; Qujing is the second economy and the
second largest city in Yunnan Province, with a high level of urbanization, and has been
on the list of “China’s top ten livable cities” for many years, and has a good ecological
environment, so the CC is second to Kunming, and the stability is high. The CC degree
of Baoshan, Dali, Chuxiong, and Wenshan basically stays within a fixed range (moderate
disorder), indicating that the CC relationship of economic–social–ecological efficiency in
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the two regions is relatively stable but at a lower level, which is caused by the fluctuation
of the intensity of ecological environmental protection weakening in the two regions but
the increase of economic growth momentum. The CC degree of Dehong, Lincang, Pu’er,
Xishuangbanna and Lijiang has increased from extreme disorder to severe disorder; the CC
interval of Yuxi, Zhaotong and Honghe has increased from severe disorder to moderate
disorder, and the CC degree of Kunming has increased from mild disorder to on the verge of
disorder, and the CC degree of each has increased to more excellent coupling ranges, which
cannot be separated from Yunnan Province’s efforts to “three positionings” objectives.

Table 4. Interannual variation and the average coupling coordination of administrative regions in
Yunnan Province.

City

2010 2015 2020 Average

D
Coupling

Coordination
Level

D
Coupling

Coordination
Level

D
Coupling

Coordination
Level

D
Coupling

Coordination
Level

Kunming 0.3077 4 0.4226 5 0.4851 5 0.4051 5
Qujing 0.2131 3 0.2287 3 0.2736 3 0.2385 3

Yuxi 0.1408 2 0.1740 2 0.2087 3 0.1745 2
Lijiang 0.0763 1 0.0949 1 0.1073 2 0.0928 1
Pu’er 0.0921 1 0.1113 2 0.1398 2 0.1144 2

Baoshan 0.0945 1 0.1201 2 0.1586 2 0.1244 2
Zhaotong 0.1403 2 0.1614 2 0.2085 3 0.1701 2
Lincang 0.0861 1 0.1258 2 0.1308 2 0.1142 2

Chuxiong 0.1217 2 0.1414 2 0.1712 2 0.1448 2
Honghe 0.1779 2 0.2025 3 0.2368 3 0.2057 3
Wenshan 0.0986 2 0.1330 2 0.1705 2 0.1340 2

Xishuangbanna 0.0657 1 0.0875 1 0.1170 2 0.0901 1
Dali 0.1467 2 0.1443 2 0.1745 2 0.1552 2

Nujiang 0.0348 1 0.0561 1 0.0628 1 0.0513 1
Deqing 0.0306 1 0.0515 1 0.0699 1 0.0507 1
Dehong 0.0750 1 0.0968 2 0.1244 2 0.0987 2

The numbers 1–10 represent extreme disorder, severe disorder, moderate disorder, mild disorder, on the verge of
disorder, barely coordinated, primary coordination, intermediate coordination, good coordination, and quality
coordination.
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4.5. Analysis of the Evolution of the Overall LUE and CC Time Series in Yunnan Province

The overall CC relationship and subsystem LUE in Yunnan Province are shown in
Table 5. In order to clearly see the LUE and CC time series changes in Yunnan Province
according to Table 5, Figure 10 was made. Comprehensive efficiency during the study
period showed a fluctuating upward trend, and it is influenced by economic efficiency,
social efficiency, and ecological efficiency, of which, in 2010–2013, economic efficiency
on comprehensive efficiency was the most significant, and comprehensive efficiency in
this time period showed the most obvious rise; for the 2017–2018 period, comprehensive
efficiency was most significantly influenced by ecological efficiency, both of which show
a decreasing trend. The CC degree of the “economic–social–ecological” subsystem of
overall LUE in Yunnan Province is on the rise, and the CC degree is higher than the
coupling degree, indicating that the degree of coordinated development has deepened
but the interaction is not strong. Ecological and social efficiency are ahead of economic
efficiency until 2020, indicating that ecological and social efficiency contribute more to the
coordinated development of coupled economic–social–ecological LUE in Yunnan Province
than economic efficiency in this time period. The economic efficiency shows a rising trend,
the social efficiency shows a rising trend after falling, then rising again, and finally a falling
trend, and the ecological efficiency shows three “rising-declining” trends. It is noteworthy
that economic, ecological, and social efficiency all increased significantly in 2018–2019, and
the CC degree also increased significantly during this period as a result.

Table 5. The overall LUE, CC, and grade classification in Yunnan Province from 2010 to 2020.

Year Economic
Efficiency Index

Social Efficiency
Index

Ecological
Efficiency Index

Coupling
Degree

Comprehensive
Efficiency Index

Coupling
Coordination

Coupling
Coordination Level

2010 0.0811 0.1697 0.1951 0.0960 0.1470 0.1189 Severe disorders
2011 0.1075 0.1809 0.1989 0.1079 0.1620 0.1318 Severe disorders
2012 0.1291 0.1869 0.1960 0.1161 0.1710 0.1396 Severe disorders
2013 0.1478 0.1904 0.1915 0.1205 0.1788 0.1444 Severe disorders
2014 0.1491 0.1952 0.1807 0.1207 0.1791 0.1438 Severe disorders
2015 0.1561 0.1996 0.1826 0.1231 0.1835 0.1470 Severe disorders
2016 0.1651 0.2057 0.2249 0.1294 0.1978 0.1587 Severe disorders
2017 0.1804 0.2155 0.2200 0.1326 0.2064 0.1632 Severe disorders
2018 0.1905 0.2126 0.1982 0.1343 0.2047 0.1647 Severe disorders
2019 0.2253 0.2428 0.2032 0.1416 0.2301 0.1758 Severe disorders
2020 0.2387 0.2392 0.2011 0.1425 0.2353 0.1775 Severe disorders
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5. Discussion

From the perspective of urbanization, this research measures the LUE of 16 adminis-
trative regions in Yunnan Province from 2010 to 2020 and analyzes their spatiotemporal
evolution characteristics based on the analysis of land use types and around three dimen-
sions of economy, society, and ecology using the entropy-weighted TOPSIS method. By
constructing a CC degree model, the CC relationship of time-space and the overall temporal
evolution characteristics of each administrative region in Yunnan Province were analyzed.
The following conclusions are drawn:

(1) The main land use types in Yunnan Province are cultivated land, woodland, and
grassland, with the three accounting for about 97.75%. With accelerated urbanization, the
unused land decreases year by year and the building land increases year by year, and the
area of constructed land in 2020 was 1.53 times that of 2010, which is the inevitable trend
of the implementation of the “Implementation Opinions on Deepening the New Type of
Urbanization Construction” of the Yunnan Provincial Government.

(2) During the study period, Kunming was far ahead in terms of economic, social,
ecological, and comprehensive efficiency, with a large gap with other administrative regions.
This is due to the fact that Kunming is a comprehensive hub integrating science and
technology, talents, and transportation, as well as a central city facing the whole country
and based in South and Southeast Asia. The central role of Kunming and its central leading
role in the surrounding cities are highlighted in the Notice of Yunnan Province on “the
Development Plan of Central Yunnan City Cluster”. The spatial pattern shows that the
economic efficiency in Yunnan’s administrative regions is increasing year by year, and the
spatial pattern shows that the economic efficiency was higher in the cities around Kunming
and lower in the peripheral cities; except for Nujiang and Diqing, the changes in the social
efficiency index are not obvious, but the rest are on the rise, showing the spatial pattern
that the east is higher than the west; the ecological efficiency, except for Kunming, Yuxi,
Wenshan, Xishuangbanna, and Diqing, has not increased in time. Except for Kunming,
Yuxi, Wenshan, Xishuangbanna, and Diqing, the rest of the administrative regions show a
spatial pattern of higher efficiency in the east than in the west; the overall efficiency shows
an upward trend, with Kunming and Qujing taking the lead, and the overall pattern of
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“east > central > west”, with the HA being more stable and the LA showing an obvious
eastward shift.

(3) The average CC level of administrative regions in Yunnan Province is extreme
disorder, severe disorder, moderate disorder, and on the verge of disorder, and the coupling
level of economic, social, and ecological efficiency is low, but the coupling relationship
of each subsystem is gradually optimized, and the CC relationship shows a “contiguous
effect”, and the CC relationship has changed from a large area of extreme disorder to a
state of severe disorder. This is the result of the rapid industrialization-driven economic
development in the early years of New China, which resulted in predatory land exploitation
and waste of resources, leading to a weakening of economic, social, and ecological interac-
tions. However, the Chinese people will work hard for it in the coming decades, placing
the construction of ecological civilization at a strategic level and easing the relationship
between the three.

(4) From 2010 to 2020, the CC development of three subsystems of economic–social–
ecological efficiency in Yunnan Province as a whole shows a fluctuating upward trend, in
which the comprehensive efficiency is higher than the coupling degree and CC degree. The
comprehensive efficiency index has an upward trend except for a slight decrease in 2017–
2018, and the CC degree shows a trend of first increasing, after slightly decreasing, and
then increasing. From 2010 to 2019, ecological and social efficiency are better than economic
efficiency. The work report of Yunnan Province pointed out that “underdevelopment” is still
the basic situation of Yunnan Province, and the unbalanced and insufficient development
is still a problem to be solved. However, Yunnan is also a leader in ecological civilization,
with a good ecological environment and several livable cities. This is consistent with our
conclusion that the three subsystems are unevenly developed and that ecological and social
efficiency is better than economic efficiency.

The above findings have similarities and differences with the findings of other scholars.
From the similarities, Kunming is the central city in Yunnan Province and has better
economic efficiency than other regions, higher economic efficiency in the inner circle
cities centered on Kunming, and lower economic efficiency in the outer circle cities. Li
Daichao et al. found that the economic efficiency in the central area was higher than that in
other areas and radiated to the surrounding areas, which is basically consistent with our
conclusion [19]. Zheng Lan et al. found that the coupling of central city subsystems was
better [76], which is similar to our findings.

The difference lies in the fact that the natural and social conditions in each study area
are different, and therefore the conclusions drawn may differ to some extent. The results of
Li Daichao et al. indicate that ecological efficiency is less influenced by land use structure
than economic efficiency and is increasing [19]. However, it is clear from Figure 10 that the
ecological efficiency in our study area fluctuates more than the economic efficiency and
is not always on the rise, while the economic efficiency is on the rise. By comparing the
research process, we found that Li Daichao et al. used the value of ecosystem services to
calculate ecological efficiency, while we used the statistical yearbook data, which contains
some important indicators, such as the green cover area. The chosen coupling system
differs, and the results of the study will also differ. For example, Ji Xuanming et al. found a
strong interaction between economic, social, and ecological efficiency [11], but our findings
suggest that, for the moment, the interaction between economic, social, and ecological
efficiency is not particularly strong.

6. Conclusions

Compared with other research results, Yunnan Province can have much to learn
from in terms of LUE improvement and promotion of coupling economic, social, and
ecological efficiency.

Based on the previous analysis, we put forward the following policy recommenda-
tions: First, to address the problem of the low CC grade of economic, social, and ecological
efficiency of land use in Yunnan Province as a whole, we emphasize that new urbanization
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can solve the problem of low LUE brought about by traditional urbanization, promote
industrial transformation and upgrading, optimize the spatial structure, and balance the
orderly development of regions with high and low CC. Second, targeted development
policies can be adopted for different administrative regions. Kunming LUE is always in the
lead state and can use its location, transportation, and economic advantages to drive the
development of surrounding cities. Places such as Nujiang and Diqing, where social effi-
ciency did not improve significantly during the study period, can improve social efficiency
by optimizing regional infrastructure construction and improving internal conditions in
the region. Thirdly, for the administrative regions with low ecological efficiency and in-
significant improvement, problems such as the reduction of green areas caused by blind
urban expansion can be avoided, and the green area per capita can be increased to protect
the local ecological environment. Afforestation is also an important initiative to improve
ecological efficiency. Finally, due to the natural conditions of Yunnan Province, the overall
ecological and social efficiency of Yunnan Province is better than the economic efficiency
in most years. Ecotourism can be developed on the basis of rational planning of land use
structure to promote the simultaneous development of environment and economy and
improve the economic efficiency.

“Agriculture, rural areas, and farmers” are social problems that need to be solved
in China, and urbanization is an important way to solve the “three rural issues” [77].
The accelerated urbanization in Yunnan Province and the influx of large numbers of
people into the cities have led to cities having to develop land resources to accommodate
the pace of development. To relieve urban pressure, urbanization in Yunnan Province
is currently promoted mainly in county cities as an important carrier [78]. Therefore,
the LUE should be refined for county cities in future studies. There are intertwined
economic, social, and ecological relationships among regions [79]. There are various factors
affecting the evaluation of LUE, so the selection of evaluation indicators should take
into account both the actual situation of the study area and balance the economic, social,
and ecological relationships. The tobacco industry is a pivotal support for economic and
social development and a source of fiscal revenue in Yunnan Province [80]. It should
have been selected as an evaluation indicator for the study of LUE in Yunnan Province,
but data on the area under tobacco cultivation in each administrative region are difficult
to obtain, so we did not include this indicator. In addition, the climate is essential for
increasing land productivity [81]. Therefore, the inclusion of climate factors and vegetation
mapping data should be considered in future studies to enrich the evaluation index system.
Yunnan is located on the southwest border of China, and it is adjacent to Southeast Asian
countries. Some areas and Southeast Asian countries have similar tourism resources, so
it can improve economic and social efficiency. Likewise, Yunnan Province has a rich and
diverse climate type, so the species of flora and fauna are also exceptionally rich, and
grasping the environmental advantages can also improve ecological efficiency. The eastern
part of Yunnan Province is adjacent to Sichuan and other provinces, and we conclude that
the eastern LUE is higher than those of the regions adjacent to Southeast Asia, which is in
line with reality.
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