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Environmental issues have become one of the important topics affecting China
and the world. As the world’'s most populous country and the second-largest
economy, China’s environmental conditions have significant impacts on global
ecosystems and sustainable development. To accurately determine the
relationship between economic development and the environment, explore
the non-coordination and spatial characteristics between the two, and
promote regional sustainable development. This study is based on land-use
data from four periods: 1990, 2000, 2010, and 2020. It uses the dynamic
measurement and value equivalent method to explore the characteristics of
land-use changes and measure the value of ecosystem services in the Central
Yunnan Urban Agglomeration. At the same time, the study uses the non-
coordination degree model and hotspot analysis tools to identify the non-
coordination between Ecosystem Service Value and economic development
(Gross Domestic Product), and explore the spatial characteristics between
them. The research results show that: (1) The main land-use types include
cultivated land, forest land, and grassland, which account for more than 907% of
the total proportion. The land types with a small proportion in the region are
water areas, construction land, and unused land. (2) The development level of
ecosystem service value presents four types of changes: fluctuating increase,
fluctuating decrease, continuous increase, and continuous decrease. The
regional spatial distribution shows obvious regional heterogeneity, overall
presenting a spatial distribution pattern of “low in the middle, high around.”
(3) The average index of non-coordination degree from 1990 to 2020 is 0.591,
0.635, 0.584, and 0.565, showing a coordinated non-coordination coupling
type. The regional space presents a spatial pattern of "high in the central and
western regions, low in the northeastern and southern regions.” (4) The
hotspots of non-coordination are mainly concentrated in the central and
northwest regions of the Central Yunnan Urban Agglomeration, while the
coldspots of non-coordination are mainly distributed in the northeastern,
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western, and southern regions of the Central Yunnan Urban Agglomeration,
showing a regular agglomeration distribution. This study suggests that it is
necessary to balance and coordinate the relationship between regional
economic development and the environment.

KEYWORDS

ecosystem service value, economic development, non-coordination, spatial
characteristics, central Yunnan urban agglomeration

1 Introduction

Currently, with the further development of China’s reform and
opening-up, the level of economic development continues to rise,
but the development of the ecological environment is at odds with
the social and economic development direction (Liu et al., 2021).
Therefore, when the environment and economic development
become a paradox, it is crucial to explore how to maintain steady
economic development while coordinating the ecological
environment and pursue a path of green and coordinated
development (Wang et al., 2022). The 20th National Congress of
the Communist Party of China pointed out, “We must firmly
establish and practice the concept that green mountains and clear
waters are as valuable as mountains of gold and silver, and we
should plan development from the perspective of promoting
harmony between humans and nature.” In addition, the 14th
Five-Year Plan of China calls for “building an ecological
civilization system, promoting comprehensive green
transformation of economic and social development, and
constructing a beautiful China” (Hu et al., 2023). As a pioneer in
ecological civilization construction, Yunnan Province has achieved
coordinated development between the economy and ecology
through various means such as green development, ecological
environmental protection and restoration, ecological
compensation, and ecotourism. The Central Yunnan Urban
Agglomeration, as one of the 19 key urban agglomerations
cultivated by the country, relies on the “two horizontals and three
verticals” urbanization strategy, the key area of the Western
Development, and the important growth pole in the construction
of the Yangtze River Economic Belt, which has promoted the rapid
development of the regional economy in Central Yunnan (Zhang
et al,, 2023). However, with the decline in resource and energy self-
sufficiency, water resource shortages, and conflicts in land use,
environmental pollution has intensified in recent years, leading to
significant environmental protection pressures (Yang et al., 2024;
Zhang et al., 2024). Therefore, based on this background, taking the
Central Yunnan Urban Agglomeration, which is facing increased
pressure on resources and the environment, as the study area, this
research utilizes land-use data to measure the level of ecosystem
services and assess the non-coordination and spatial correlation
between ecosystem service value and economic development. This
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study has important practical significance for promoting the
transformation and upgrading of the industrial structure,
coordinating regional economic development and ecological
protection, and pursuing a path of coordinated and sustainable
development (Qian, 2023).

The value of ecosystem services refers to the benefits that
humans directly or indirectly derive from ecosystems. It mainly
includes the input of useful materials and energy into the economic
and social system, the acceptance and transformation of waste from
the economic and social system, and the direct provision of services
to human society. It involves four categories: provisioning,
regulating, supporting, and cultural services (Ran et al, 2023;
Vackarova et al., 2023; Xiao et al., 2023; Xu et al., 2023). The level
of ecosystem services plays a crucial role in ensuring human
production and development (Willemen et al., 2013). As early as
the mid-late 19th century, the Study of Critical Environmental
Service (SCEP) introduced the term “Service” to describe ecosystem
service functions in the “Report on the Human Impact on the
Global Environment.” Thus, the evaluation of ecosystem service
value began. Initially, Costanza calculated the ecosystem service
value parameters at various scales based on a global perspective
(Costanza et al., 1997, 2014). Since then, numerous scholars have
conducted assessments of ecosystem service value for different
regions based on adjusted parameters. Research on ecosystem
service value mainly involves two methods: value equivalency
factor and functional price methods (Kareiva and Marvier, 2003;
Robertson and Swinton, 2005; Wang et al., 2014; Blumstein and
Thompson, 2015). The former method is typically used for
ecosystem assessment at larger regional scales, while the latter
method is usually applied for assessing individual ecosystem
service values (ESVs) at smaller to medium scales. Currently, we
are in an era of rapid economic development, and countries are
formulating relevant policies to promote economic development
and urbanization to meet the growing development demands
(Hong et al., 20215 Liu et al, 2023). The rapid development of
regions has led to severe imbalances, causing significant damage to
the integrity and composition of ecosystems and a reduction or
imbalance in ecosystem service values. Faced with the contradiction
between ecological crises and economic development, a
considerable amount of work has been conducted to explore how
to move towards coordinated development between economic
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development and the ecological environment (Fu et al., 2022; Song
et al,, 2023; Wyckhuys et al., 2023; Zhu et al.,, 2023). Kubiszewski
etal. (2017) argue that when humans demand various services from
ecosystems, they need to consider not only the current economic
development needs but also the potential for future economic
development. Cao et al. (2021) propose minimizing the cost of
land urbanization for achieving the highest economic development
level by adjusting urban land use in terms of ecosystem type and
pattern to reduce the loss of ecosystem service values. Zhang et al.
(2021) took 74 cities and counties in Hubei Province from 2000 to
2020 as an example. Based on the changes in ecosystem service
values, they applied a coupled coordination degree model to
calculate the Environmental and Economic Coordination (EEC).
Through spatial correlation analysis, they detected the
spatiotemporal differentiation characteristics of environmental
and economic coordination and quantified the impact of driving
factors on EEC using a spatial Durbin model. Fu et al. (2022)
improved the biomass adjustment factor using normalized
vegetation index and net primary productivity data. They
constructed social and economic adjustment factors based on the
willingness and ability to pay and resource scarcity, using the benefit
transfer method and land use data in Hainan Province. Li et al.
(2022) used the Haihe River Basin as the study area. They analyzed
the relationship between changes in ecosystem service values and
land cover type transition patterns in 2000, 2010, and 2020. They
explored the potential mechanism of interaction between human
activities and natural conditions. Through spatial-temporal analysis
and model construction, they analyzed the changing trends of land
cover and ecosystem service values in the basin during the
respective study periods. They quantitatively evaluated the direct
or indirect impacts of natural factors and socio-economic factors on
ecosystem service values and their interactions.

Multiple studies have shown (Cheng et al., 2023; Zheng et al.,
2023; Macedo et al., 2024) that scholars have made some progress in
exploring the relationship between economic development and the
ecological environment. However, most of these studies have
focused on short time series and large to medium scales to
investigate the coordination between ecosystem service values and
economic development. There is a lack of research at the county
level to explore the non-coordination between ecosystem service
values and economic development over long time series and to
uncover the spatial characteristics of non-coordination regions. For
the Central Yunnan City Cluster, as the only and most core
economic development area in Yunnan Province, it is necessary
to balance economic development with environmental protection.
Therefore, considering the availability of comprehensive data, the
variability of environmental issues, and the rapid economic
development, this study aims to identify non-coordination
regions between economic development and the ecological
environment. Land use data of the Central Yunnan City Cluster
from 1990 to 2020, which covers a long time series, are selected. The
ecosystem service value is measured using the value equivalency
method, and the non-coordination and spatial correlation
characteristics between ecosystem service values and economic
development are identified. By exploring the relationship between
ecology and the economy and identifying non-coordination regions
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in the Central Yunnan City Cluster, this study can provide insights
and references for promoting industrial structure optimization,
improving the non-coordinated state of the ecological
environment and the economy, and formulating relevant policies
and recommendations.

2 Overview of study area

The Central Yunnan City Cluster includes Kunming, Qujing,
Yuxi, the entire territory of Chuxiong Yi Autonomous Prefecture,
and seven counties and cities in Honghe Hani and Yi Autonomous
Prefecture: Mengzi City, Gejiu City, Jianshui County, Kaiyuan
County, Mile City, Luxi County, and Shiping County. There are a
total of 49 county-level units, as shown in Figure 1. As one of the 19
city clusters that are key areas of national cultivation, the Central
Yunnan City Cluster is an important part of the national
urbanization strategy known as the “T'wo Horizontals and Three
Verticals.” It is a key area for the Western Development Strategy
and an important growth pole for China’s economic development
supported by the Yangtze River. With the implementation of the
national “Belt and Road Initiative,” the Central Yunnan City
Cluster’s advantageous location for opening up to South Asia and
Southeast Asia has become more prominent, ushering in a strategic
period of rapid development. In 2020, the Central Yunnan City
Cluster had a regional area of 114,600 square kilometers, accounting
for 29% of the province’s total area. The total population was 21.95
million, accounting for 46.50% of the province’s population. The
regional GDP reached 1507,395,000,000 Yuan, accounting for
61.47% of the province’s GDP. It is the core region driving the
economic and social development of the entire province. However,
with its increasing development pace in recent years, the Central
Yunnan City Cluster has faced severe ecological problems such as
land desertification, soil erosion, water scarcity, mining pollution,
and heavy metal contamination. Protecting the ecological
environment while promoting economic development has become
a key concern for the Central Yunnan City Cluster (Yang et al,
2024; Zhang et al., 2024).

3 Data sources and
research methodology

3.1 Data sources

The land use data for the four periods (1990, 2000, 2010, and
2020) used in this study were obtained from the product data by Yang
and Huang (2021) of Wuhan University. The overall accuracy of the
data was verified to be 80%. The land use was classified into six
categories according to the national remote sensing detection land
use classification standards, including cropland, forestland, grassland,
water bodies, construction land, and other land. Specifically, farmland
conversion was categorized as cropland, while forest and shrub
conversions were categorized as forestland. Non-permeable surfaces
were classified as construction land, and ice, snow, bare land, and
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Overview of the research area. (A) Administrative boundaries of China; (B) Ad ministrative boundaries of Yunnan Province; (C) Regional Boundary of

Central Yunnan Urban Agglomeration.

wetland conversions were classified as other land. Data for adjusting
the coefficients of ecosystem service values were obtained from
sources such as the “China Agricultural Product Price Survey
Yearbook” and the “Statistical Yearbook of Yunnan Province.”
These data included grain production, prices, and crop planting
areas. The economic development levels of the counties in the Central
Yunnan City Cluster from 1990 to 2020 were sourced from the
“Statistical Yearbook of Yunnan Province,” “Statistical Yearbook of
Kunming City,” “Statistical Yearbook of Qujing City,” “Statistical
Yearbook of Yuxi City,” “Statistical Yearbook of Chuxiong
Prefecture,” and “Statistical Yearbook of Honghe Prefecture.” The
vector maps of the study area in the Central Yunnan City Cluster

TABLE 1 Primary data sources.

Main data Data sources

Product Data (https://doi.org/10.5194/essd-13-3907-
2021, 2021.)

Land use data

were obtained from the National Geographical Information Resource
Catalog Service System, as shown in Table 1.

3.2 Research methods

3.2.1 Value per unit area equivalent method

The value equivalent per unit area method is used to calculate
the value of ecosystem services. The method translates the various
services provided by ecosystems, such as water retention, soil
conservation, air purification, etc., into an economic value, which
is measured in the form of a unit area. The value of ecosystem
services in the central Yunnan urban agglomeration was estimated
based on the value-equivalent method proposed by (GaoDi et al.,

2003; GaoDi et al., 2008). The formula is shown below (Equation 1):
ESV =31 31 Ah x E x Ehj (1)

where ESV represents the total value of ecosystem services; h is
the type of ecosystem, A is the area of ecosystem type h (hm?); E is

Grain production,
prices and sown area

Numerical value of
county
economic
development

Vector map of the
study area

(China Agricultural Products Price Survey
Yearbook)
{Yunnan Provincial Statistical Yearbook)

(Statistical Yearbook of Yunnan Province, Kunming
City, Qujing City, Yuxi City, Chuxiong Prefecture,
Honghe Prefecture)

National Geographic Information Resources Catalog
Service System
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the economic value of food production per unit area (yuan/hmz2);
and Ehj is the coefficient of ESV of type j for ecosystem type h.
The paper corrected the ecosystem service coefficient by the
regional grain production as well as the sown area to correct the
ecosystem service value per unit area of the region (Chen et al,
2022; Li et al,, 2023). Among them, cultivated land corresponds to
farmland, garden land takes the average value of forest and
grassland, forest land corresponds to forest, grassland water body
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land type remains unchanged, other land corresponds to desert, and
the index of ecosystem service value of construction land mainly
refers to Deng (2012). Through the above calculation method, the
correction coefficients of ecosystem value corresponding to the six
land use types in the central Yunnan urban agglomeration were
derived, and the results are shown in Table 2.

3.2.2 Methodology for evaluating uncoordinated
economic and ecological development

The Coupling Coordination Degree (CCD) model is a
comprehensive analytical tool used to study the interactions and
coordination relationships among different systems or components.
This model considers multiple systems or subsystems as a whole
and takes into account their interdependencies and interactive
effects to achieve overall coordination and optimization. In order
to analyze the degree of non-coordination between regional
ecological environment and economic development, this study
draws on the Coupling Coordination Degree model proposed by
Jiang et al. (2022). By constructing a non-coordination degree
model, it quantitatively explores the spatio-temporal differences
between ecosystem service values and the distribution of economic
development in the Central Yunnan City Cluster. The formula for
the non-coordination degree model is as follows (Equations 2-5):

U U
C= ,/—[Jl ] 2)
2

T=llU1+hU2 (3)
D=vVCxT (4)
ND=1-D (5)

10.3389/fevo.2024.1366458

In the formula, C is the coupling degree, D is the coupling
coordination degree, ND is the uncoordinated coupling degree, T is
the comprehensive coordination index of “ecology-economy”, U,
and U, represent the comprehensive evaluation value of ecology
and economy respectively, a and b are the coefficients to be
determined. Regional sustainable development emphasizes the
coordinated development of the economy and the environment,
without differentiation between the two. Therefore, this study
considers both ecological and economic development as equally
important, with a value of 0.5 assigned to each. The variables
Cel0,1] and Dg[0,1] represent the degree of coupling and
coordination between the two systems, respectively. The closer
these values are to 1, the better the quality of coupling and
coordination between the systems. Additionally, the variable
NDe[0,1] represents the degree of non-coordination between the
systems, with a value closer to 1 indicating poorer quality of
coordination. When categorizing the levels of non-coupling
coordination, this study refers to previous research findings (Abu-
Rayash and Dincer, 2023) and divides them into four levels, as
shown in Table 3.

3.2.3 Hot spot analysis

Hotspot analysis is constructed based on the idea of null
hypothesis testing, which is commonly used in statistical inference,
and the hotspot analysis tool can effectively identify the locations
where high or low value elements cluster spatially (Mashinini et al.,
2020). In order to further reveal the uncoordinated spatial
distribution pattern of ecosystem service value and economic
development in the city cluster of central Yunnan, the spatial
clustering of its uncoordinated high values (hotspots) and low
values (coldspots) was explored by the Getis — OrdG:r tool of Arcgis
10.3. The formulas are as follows (Equations 6, 7):

TABLE 2 Ecological service value coefficients per unit area of central yunnan urban agglomeration (yuan/hm? - year).

Type of service Function Types cropland woodland grasslands waters construction unutilized
site land
food production 1841.69 841.68 633.34 1333.35 12.15 16.67
supply service Raw material production 408.34 1933.36 933.35 383.34 0.00 50.00
water supply -2175.03 1000.01 516.67 13816.86 -9123.67 33.33
gas regulation 1483.35 6258.42 3283.38 1283.35 -2939.99 183.34
Regulatory climate regulation 775.01 18650.26 8683.45 3816.72 0.00 166.67
services Purify the environment 225.00 5575.08 2866.71 9250.13 -2988.58 516.67
hydrological regulation 2491.70 12450.17 6366.76 170402.39 0.00 350.00
soil conservation 866.68 7741.48 4000.06 1550.02 24.30 216.67
Support Services Maintaining 258.34 591.67 300.00 116.67 0.00 16.67
nutrient cycling
biodiversity 283.34 7050.10 3633.38 4250.06 413.06 200.00
cultural service aesthetic landscape 125.00 3091.71 1600.02 3150.04 12.15 83.33
aggregation 6583.43 65284.25 32817.13 209352.93 -14590.59 1833.36
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TABLE 3 Classification of non-coordination types.

Uncoordinated Type of
coupling(ND) non-coordination
(0,0.2] Low-level uncoordinated coupling
(0.2,0.5] Antagonizing
uncoordinated coupling
(0.5,0.8] Grinding uncoordinated coupling
(0.8,1] High-level uncoordinated coupling

2 Wi(d)x;
%

*
where G; (d) is the agglomeration index of non-coordination;

G, (d) = (6)

Wii(d) is the weight between non-coordination i and j; x; is the
attribute value; and n is the total number of non-coordination.
Through the standardized processing of the above formula, the
standardized formula is shown below:

_G/(d)-E(G ()

= (7)
Var(G,.*(d))

2(G @)

In the formula, Z G;(d) is the standard deviation of G;(d),
and Var G;(d) and E(G?(d)) are the variance and mathematical
expectation of G; (d), respectively. The analysis results are presented
in the following two ways: If Z G?(d)) is negative and passes the
significance test, it indicates a spatial clustering with a low value of
incoherence (cold spot). On the contrary, if Z(G:(d)) is positive

10.3389/fevo.2024.1366458

and passes the significance test, it indicates a spatial clustering with
a high value of non-coherence (hot spot).

4 Results and analysis

4.1 The process of land use change in the
central Yunnan urban agglomeration

By processing and analyzing the land use raster data, the current
status and changes of land use types in the urban agglomeration of
central Yunnan from 1990 to 2020 were obtained, as shown in
Table 4. In general, the land use types of Central Yunnan Urban
Agglomeration mainly include cropland, forest land and grassland.
In the past 30 years, the proportion of the three types has exceeded
20%, and the total proportion has reached more than 90%,
indicating that cropland, forest land and grassland occupy an
important position in the land use structure of the Central
Yunnan Urban Agglomeration. On the other hand, the smaller
proportion of regional land use area is occupied by the three types
of water, construction land and unutilized land, which all account
for less than 3% of the land use area from 1990 to 2020, which
indicates that Central Yunnan Urban Agglomeration is located in
the special topography of plateau and mountainous terrain, which
leads to the deformed proportion of its land use types and the large
gap in land use area. In addition, in terms of land changes, the land
use area of the urban agglomeration in central Yunnan increased
from 1990 to 2020 only in terms of construction land and unutilized
land. Among them, the area of construction land continues to

TABLE 4 Land use transfer matrix of central yunnan urban agglomeration from 1990 to 2020.

Periods Project cropland woodland grasslands  waters @ construction site = unutilized land
1990 Area/10*hm’ 233.48 549.31 299.50 17.72 1143 1.56
Ratio/% 20.98 49.35 26.91 1.59 1.03 0.14
2000 Area/10*hm? 230.49 548.97 306.17 12.92 12.88 1.56
Ratio/% 20.71 49.32 27.51 1.16 1.16 0.14
2010 Area/10*hm? 229.46 547.60 303.36 13.00 17.95 1.62
Ratio/% 20.62 49.20 27.26 117 1.61 0.15
2020 Area/10*hm’ 22523 546.12 298.83 14.51 26.61 1.61
Ratio/% 20.24 49.07 26.85 1.30 2.39 0.15
1990-2000 Area of change/10*hm? -2.99 -0.34 6.67 4.8 1.45 0
Dynamic degree/% -0.13 -0.01 0.22 -2.71 1.27 0
2000-2010 | Area of change/10*hm? -1.03 -1.37 281 0.08 5.07 0.06
Dynamic degree/% -0.05 -0.03 -0.09 0.07 3.94 0.39
2010-2020 Area of change/10*hm’ -4.23 -148 -4.53 1.51 8.66 -0.01
Dynamic degree/% -0.18 -0.03 -0.15 1.16 4.83 -0.06
1990-2020 Area of change/10*hm? -8.25 -3.19 -0.67 321 15.18 0.05
Dynamic degree/% -0.12 -0.02 -0.01 -0.60 4.43 0.11
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expand and grows faster, with an increase of 151,800 hm? during
the 30-year period, and the ratio of land use increased by 1.36%.
This shows that with the continuous development of society and the
improvement of regional economic level, the current status quo is
difficult to meet the growing social needs, and constantly improving
the modernization and development level to meet the development
requirements has become an important goal of the current society.
In 2020, the land use area of the four land use types, namely,
cropland, forest land, grassland and water area, belongs to the
decreasing state compared with 1990, and its area decreases by
82,500 hm?, 31,900 hm? 6,700 hm?* and 32,100 hm? respectively,
which indicates that the improvement of the level of social
development results in the reduction of the area of part of the
ecological and production land.

The land use dynamics of central Yunnan urban agglomeration
was calculated for each year. From the results, it can be learned that
the types of land use change include “continuous decline”,
“continuous rise” and “fluctuation type”. Among them, the land-
use dynamics of cultivated land and forested land belongs to the same
type of continuous decline, and the dynamic changes of cultivated
land are -0.13%, -0.05% and -0.18% respectively, with the total land-
use dynamics of -0.12%; For forest land, it is -0.01%, -0.03% and
-0.03%, and the total attitude is -0.02%; grassland, water and
unutilized land are of fluctuating type, which are divided into two
kinds: “increasing and then decreasing” and “decreasing and then
increasing”, and grassland and unutilized land belong to the former,
and water land belongs to the latter. Grassland and unutilized land
belong to the former, while the water land category belongs to the
latter. The land use motivation of grassland is 0.22%, -0.09% and
-0.15%, with an overall rate of -0.01%, while that of unutilized land is
0%, 0.39% and -0.06%, with an overall rate of 0.11%. The land use
dynamics of the water area land category shows the evolution process
of “decreasing and then increasing”, with values of -2.71%, 0.07% and
1.16% respectively, and the total land use dynamics of -0.6%; the land
use dynamics of the construction land category is of the
“continuously increasing type”, and its dynamics ratio continues to
increase, with values of 1.27%, 3.94% and 4.83% respectively, and the
overall dynamics rate of 4.43%. The land use dynamics of the
construction land category is “continuously rising type”, and its
dynamics ratio increases continuously, with values of 1.27%, 3.94%
and 4.83% respectively, and the overall dynamics rate is 4.43%.

4.2 Development status of ecosystem
service value index in central Yunnan
urban agglomeration

Based on the coefficient of ecological service value per unit area of
central Yunnan urban agglomeration and the current status of land
use development, the ecosystem service value of central Yunnan
urban agglomeration from 1990 to 2020 was calculated by the value
equivalent method, and the results are shown in Figure 2. From the
time level, the ecosystem service value of Central Yunnan Urban
Agglomeration shows four types of changes, including fluctuating
increase, fluctuating decrease, continuous increase and continuous
decrease type. Among them, the number of fluctuating upward type is
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16, which occupies 32.65% of the whole study area; the number of
fluctuating downward type is 21, which occupies 42.86%; the number
of sustained upward type is 3, which occupies 6.12%; and the number
of sustained downward type is 9, which occupies 18.37% of the
samples in the study area. In addition, combining the four types of
changes into upward and downward types, the ratio of upward type is
38.77%, while downward type is 61.23%. This indicates that the
deepening of reform and opening up and the increasing level of socio-
economic development have led to a trend of weakening ecosystem
service value in most areas, further weakening of ecological security
and degradation of ecological functions. From the spatial level, the
ecosystem service value index of the Central Yunnan Urban
Agglomeration from 1990 to 2020 has obvious regional differences,
generally showing a spatial distribution pattern of “low in the middle
and high in the surroundings”. Among them, the areas with low
ecosystem service value are mainly concentrated in Xishan District,
Anning City, Jinning District, Hongta District, Tonghai County,
Huaning County, Jiangchuan District, Shilin County, Luxi County,
Luliang County, Kirin District, Malong District, Chongming County,
Fuming County, Panlong District, Guandu District, Chengjiang
County, Wencio City, and Muding County in the inner part of the
Central Yunnan Province. This area is mainly concentrated in the
Kunming Municipal Jurisdiction, indicating that the continuous
development of the regional economy occupies a large amount of
land for ecological resources, and in order to meet the requirements of
regional construction and development, part of the land for forests,
grasses and watersheds is converted into land for construction, which
leads to a rapid decline in the level of regional ecological development
and weakening of the ecological function. In addition, areas of high
ecosystem service value are mainly located in the peripheral areas of
the central Yunnan urban agglomeration, such as Xuanwei City,
Huize County, Luquan County, Xundian County, Wuding County,
Dayao County, Lufeng County, Chuxiong City, Shuangbai County,
Xinping County, Yuanjiang County, Shiping County, Jianshui
County, Kailuan County and City, Mengzi City, Mile City, Shizong
County, Luoping County, Fuyuan County and Zhanyi District,
among other places. The region is mainly concentrated in the
fringe areas, where economic development is smooth and ecological
damage caused by regional development is relatively weak, and the
region is relatively large and has a wide range of land use types,
making its ecosystem service value coefficient relatively high.

4.3 Socio economic development of
central Yunnan urban agglomeration

By collecting the GDP development status of the counties in the
Central Yunnan Urban Agglomeration from 1990 to 2020, as shown
in Figure 3. from the time level, its regional development trend
shows a steady increase and its development speed is fast. the
average value of GDP development level of the Central Yunnan
Urban Agglomeration in the years of 1990-2020 is 6.25, 2.066, 9.8,
and 30.762 billion yuan, respectively. the average value of GDP
development level of the Central Yunnan Urban Agglomeration in
the years of 2020 is 30.762 billion yuan. Compared with 1990, the
average value of GDP has increased by 30.137 billion yuan, and its
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FIGURE 2

Value of County Ecosystem Services in Central Yunnan Urban Agglomeration from 1990 to 2020. (A) is the value of ecosystem services of counties
in the central Yunnan urban agglomeration in 1990; (B) is the value of ecosystem services of counties in the central Yunnan urban agglomeration in
2000; () is the value of ecosystem services of counties in the central Yunnan urban agglomeration in 2010; and (D) is the value of ecosystem

services of counties in the central Yunnan urban agglomeration in 2020.

growth value is 48.21 times of that of 1990. This indicates that the
city cluster in central Yunnan, as the central hinterland of Yunnan’s
economic construction, gives full play to the characteristics and
advantages of the city economic circle in central Yunnan, forms and
strengthens the dominant function of the city economic circle in
central Yunnan, clarifies the direction and focus of the coordinated
development of the city economic circle in central Yunnan, and
further promotes the development of the regional economic level of
the city cluster in central Yunnan. From the spatial level, the GDP of
Central Yunnan City Cluster shows irregular distribution
characteristics. Among them, the high-value areas are mainly
concentrated in Qilin District, Hongta District, Xishan District,
Guandu District, Chuxiong City, Xuanwei City, Mile City and
Anning City, etc., which are mainly used as the “veteran districts”
of economic development in the central Yunnan urban
agglomeration, and the regional economic development has
obvious regional characteristics. And part of the region as county-
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level cities, economic development conditions are relatively
favorable. In addition, the relatively low GDP area of the Central
Yunnan Urban Agglomeration is mainly concentrated in the
northern, northwestern, southwestern and southern regions,
which are far away from the center of economic development and
have relatively low regional economic radiation capacity, resulting
in the regional economy of most counties and districts lagging
behind that of the central region.

4.4 The value of ecosystem services and
economic development non-coordinated
dispatching and its spatial characteristics in
the central Yunnan urban agglomeration

Using the coupling coordination degree model, the development
level of non-coordination degree of ecosystem service value and
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FIGURE 3

Gross Domestic Product of County Areas in the Central Yunnan Urban Agglomeration from 1990 to 2020. (A) Economic development value of
counties in central Yunnan urban agglomeration in 1990; (B) Economic development value of counties in central Yunnan urban agglomeration in
2000; (C) Economic development value of counties in central Yunnan urban agglomeration in 2010; and (D) Economic development value of

counties in central Yunnan urban agglomeration in 2020.

economic development of the Central Yunnan Urban Agglomeration
can be obtained by calculating its non-coordination coupling degree,
and the results are shown in Figure 4: At the time level, the non-
coordination development indexes of 49 counties in the Central
Yunnan Urban Agglomeration also show four types of changes,
including fluctuating upward, fluctuating downward, continuously
upward, and continuously downward. Among them, compared with
the types of changes in the development of ecosystem service value
coefficients in the Central Yunnan Urban Agglomeration from 1990
to 2020, the fluctuating upward and fluctuating downward types
accounted for an increasing proportion, accounting for 38.78% and
48.98% of the samples in the study area, respectively. On the other
hand, the proportion of the continuously rising and continuously
declining types decreased significantly, with its proportion only being
10.20% and 2.04%. In addition, from its mean index, the development
level index of non-coordination degree of central Yunnan urban
agglomeration from 1990 to 2020 is 0.591, 0.635, 0.584 and 0.565,
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respectively, and its corresponding non-coordination types are all
grinding non-coordination coupling, and the development type is
fluctuating and decreasing, which shows a tendency of increasing and
then decreasing first. This shows that from 1990 to 2000, under the
guidance of the social development policy, the city cluster in central
Yunnan vigorously promoted the level of economic development and
neglected the protection of the ecological environment, which to a
certain extent led to the damage of the ecological function, resulting
in the enhancement of the index of non-coordination. However, with
the continuous development of the society, the concept of economic
development and ecological environment is more and more deeply
rooted in the people’s mind, and the past damage to the ecology in
exchange for economic development has been discarded. 2010
China’s eco-compensation laws and regulations, policies, and
practices have been synchronized to promote a large number of
eco-protection policies have been implemented. At the same time,
through the effective use of economic means, promoting energy
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FIGURE 4

The value of ecosystem services and the level of non-coordinated economic development in the central Yunnan urban agglomeration from 1990 to
2020. (A) is the value of non-coordination of cities in central Yunnan in 1990; (B) is the value of non-coordination of urban agglomerations in
central Yunnan in 2000; (C) is the value of non-coordination of urban agglomerations in central Yunnan in 2010; and (D) is the value of non-

coordination of urban agglomerations in central Yunnan in 2020.

conservation and emission reduction and environmental protection,
and promoting industrial restructuring, the index of non-
coordination between ecological and economic development has
decreased rapidly. From the spatial level, the non-coordination
between ecosystem service value and economic development in the
Central Yunnan Urban Agglomeration from 1990 to 2020 shows a
spatial pattern of “high in the central and western part and low in the
northeastern and southern part”. Among them, the areas with high
and higher values in all four years are Yongren County, Yuanmou
County, Yaoan County, Muding County, Haitong County, Huaning
County, Jiangchuan County, Shilin County, Luxi County, Malong
District, Chongming County and Fuming County. And its low value
areas are mainly located in Huize County, Xuanwei City, Mile City,
Chuxiong City, Jianshui County, Hongta District, Lufeng County,
Zhanyi District, Qilin District and Fuyuan County.

The results of exploring the hot and cold catchment areas of the
value of ecosystem services and the level of non-coordinated
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development of economic development in the Central Yunnan
Urban Agglomeration from 1990 to 2020 with the help of hotspot
analysis tool are shown in Fig. As can be seen from Figure 5, the
hotspot areas of non-coordination are mainly concentrated in the
central and northwestern regions of the central Yunnan urban
agglomeration, while the cold spot areas of non-coordination are
mainly distributed in the northeastern, western and southern
regions of the central Yunnan urban agglomeration. This
indicates that the spatial distribution of non-coordination
presents obvious regional differences, and both hot spots and cold
spots are showing regular clustering distribution. The non-
coordinated hotspot agglomeration area can be distinguished into
two situations, one is the central region is mainly located in the
center of economic development, the rapid development of the
economy at the same time, the ecological environment suffered a
certain damage, presenting the situation of “ecological low -
economic high”; the second is the northwestern region is far away
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FIGURE 5

Analysis of the non-coordinated cold and hot spots between the ecosystem service value and economic development of the central Yunnan urban
agglomeration from 1990 to 2020. (A) Cold hotspot value of central Yunnan urban agglomeration in 1990; (B) Cold hotspot value of central Yunnan
urban agglomeration in 2000; (C) Cold hotspot value of central Yunnan urban agglomeration in 2010; (D) Cold hotspot value of central Yunnan

urban agglomeration in 2020.

from the economic development area, but the area of the region is
large, ecological land use of a variety of types, and with the central
area of the opposite situation, presenting the situation of “ecological
high - economic low”. In addition, the distribution of non-
coordinated cold spot zones has obvious consistency with the
distribution of ecosystem service values and economic
development, which are either high and high distribution or low
and low agglomeration. In comparison, the non-coordinated
hotspot agglomeration area has become an important zone of
concern for the current sustainable regional development of the
city cluster in central Yunnan. Therefore, the promotion of regional
sustainable development policies and the implementation of the
concept of “green mountains are golden mountains” have become
important means of adjusting the non-coordinated areas in the
Central Yunnan Urban Agglomeration. At the same time, it
implements protection in development and development in
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protection, promotes the building of ecological civilization and
economic development as mutually reinforcing and
complementary, adheres to eco-priority and green development,
consciously unites economic development with the building of an
ecological civilization, and abandons a growth model that damages
or even destroys the ecological environment.

5 Discussion

5.1 Upgrading development in “barren”
areas of ecosystem service value

The value of ecosystem services is the benefit that human beings

receive directly or indirectly from ecosystems, which is important
for maintaining ecological balance and protecting biodiversity (Ran
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et al, 2023; Xiao et al,, 2023). From 1990 to 2020, the value of
ecosystem services in the central Yunnan urban agglomeration
showed a general decreasing trend, with a decreasing rate of
61.23%. The spatial distribution pattern has obvious regional
differences, showing a pattern of “low in the middle and high in
the surroundings”, so the ecological “barren” area is mainly located
in the core area of the central Yunnan urban agglomeration. This
indicates that the deepening of reform and opening up, and the
continuous improvement of the level of social and economic
development, the ecological land (grassland, forest land, water)
has been continuously converted into productive land (construction
land), which leads to the weakening of the value of ecosystem
services in most of the areas, the ecological security is further
weakened, and the ecological function tends to be degraded.
Therefore, it is necessary to firmly implement the new
development concept in the future development mode, change
the economic development mode, and improve the development
level of the “barren” ecosystem service value areas (Yang
et al., 2023).

5.2 Harmonizing the relationship between
economic development and the ecological
environment and promoting sustainable
regional development

Protecting the ecological environment and developing the
economy are fundamentally organic and complementary (Tan
and Hamid, 2014). Just because economic development
encounters a little difficulty, the idea of sacrificing the
environment in exchange for economic growth should not be
started, or even find ways to break through the red line of
ecological protection. The mean values of the coordination index
of the central Yunnan urban agglomeration from 1990 to 2020 are
0.409, 0.365, 0.416 and 0.435, respectively. This indicates that the
economic development and ecological environment of the urban
agglomeration of central Yunnan are moving towards the trend of
harmonization, but none of the development level did not exceed its
average value of 0.5. To this end, it remains important to strengthen
the coordination of regional economic development with the
ecological environment. The future approach to economic
development should not be aimed at “quantity” but should focus
on “quality” in order to achieve sustainable regional development.

5.3 Focus on non-coordinated areas to
reduce potential threats to coordinated
sustainable development in the region

In the evaluation of regional sustainable development, we often
pay attention to the eco logical-economic coordinated areas and
ignore the non-coordinated areas, resulting in the region failing to
realize the overall sustainable development. Although the
development level index of non-coordination in the city cluster of
central Yunnan (0.591, 0.635, 0.584, 0.565) shows a decreasing
trend, the proportion of non-coordination is still high, with the
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proportion (>0.5 or more) reaching 79.59%, 89.80%, 75.51% and
75.51 respectively. This reveals that the economic development and
ecological environment of the central Yunnan urban agglomeration
still belong to a sub-healthy state, and has not yet reached the
coordinated development from the inside out, and only focuses on
the overall trend of coordinated development to improve the level of
development, while ignoring the non-coordinated still exists a
greater threat. For this reason, the central Yunnan urban
agglomeration needs to pay more attention to the uncoordinated
areas in the way of promoting the coordinated development of the
region. Improve the relevant policy system and take the “type area
policy” featuring more refinement and differentiation as the
development direction of regional policy, so as to reduce the
potential threat to the coordinated and sustainable development
of the region (He et al., 2023).

5.4 Limitations and future studies

This paper measures the value of ecosystem services in the
central Yunnan urban agglomeration from 1990 to 2020 based on
land use data, measures the non-coordinated development index
between ecosystems and economic development with the help of
non-coordination degree model, and mines the spatial layout
characteristics of non-coordination. The study can accurately
determine the non-coordinated area, which provides certain
reference and basis for promoting coordinated sustainable
development. However, this study still has the following
shortcomings: for the ecological coefficient of construction land in
the ecosystem service value measurement, it is only through
borrowing the research results of the previous research, and the
previous research proves that field investigation is a very important
work. Therefore, the subsequent research should focus on this issue;
moreover, the study of influencing factors can help us to understand
the causes and mechanisms of a certain phenomenon, so as to
formulate economic policies and measures. The article only
explores the non-coordination index and spatial characteristics
between the two, and does not explore the deep-level influence
factors. For this reason, it is of great significance to explore the
influence factors and analyze the external and internal mechanisms
to coordinate the ecological and economic development.

6 Conclusion

This paper calculates the ecosystem service value of 49 counties
in the Central Yunnan Urban Agglomeration from 1990 to 2020
based on land use data through the value equivalent method, and at
the same time mines their socio-economic development data to
explore the level of non-coordination between the ecosystem service
value and the economic development with the help of non-
coordination degree model and thermal analysis tool, and to
analyze their spatial correlation characteristics. It was found that
from 1990 to 2020, the land use types in the urban agglomeration in
central Yunnan mainly consisted of cropland, forest land and
grassland, while water, construction land and unutilized land
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accounted for a small portion of the total; the ecosystem service
value index had obvious regional differences, generally showing a
spatial distribution pattern of “low in the middle and high in the
surroundings”; The development trend of GDP shows a steady
increase and a faster development rate; the uncoordinated coupling
degree is roughly moving towards a decreasing trend, while the
uncoordinated hotspot areas are mainly concentrated in the central
and northwestern regions of the Central Yunnan Urban
Agglomeration, and the cold spot areas are mainly distributed in
the northeastern, western and southern regions of the Central
Yunnan Urban Agglomeration. This study quantitatively and
scientifically investigates the current situation of regional
economic development and ecosystem service value, and at the
same time explores the relationship between the two, and the results
of the research provide certain references and bases for promoting
the optimization of the industrial structure of the urban
agglomeration in central Yunnan and improving the non-
coordinated state of the ecological environment and the economy.
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