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Introduction: Sustainable Development Goals (SDGs) is another binding target
indicator system proposed by the United Nations after the Millennium
Development Goals (MDGs). Scientific monitoring of the state of sustainable
development of cities can provide a reference for the progress of the
implementation of the SDGs, and also provide research support for the
successful achievement of the sustainable development of cities around the world.

Methods: Although the indicator system proposed by the United Nations has drawn
a vision of global sustainable development and given an evaluation framework and
methodology, it fails to and is unlikely to encompass the rich connotations of China's
new development philosophy. Therefore, this study takes the new development
philosophy as the fundamental guideline, refers to the SDGs assessment system, and
constructs a theoretical and methodological framework for assessing the sustainable
development of plateau lakeside cities from the five dimensions of “innovation,
coordination, greenness, openness, and sharing”, and carries out empirical
investigation in the research area of Kunming City, a typical plateau lakeside city.

Methods: It is found that the sustainable development level of Kunming is at a
medium level, with a relatively fast development speed, but the growth momentum
has slowed down; the development level of each dimension is relatively low, with a
slow development speed, showing a fluctuating upward trend; the change in the
level of coordinated development shows two states of low and medium
coordination, showing a steady increase; the contribution of the five philosophies
of relevance is sorted as: "Openness>Sharing>Green>Coordination>Innovation’,
and openness is the most important factor affecting the sustainable development
level of plateau lakeside cities.

Discussion: This study demonstrates the need to enhance the level of
sustainable development of cities by exploring their internal trade-offs and
potential internal contributions.
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1 Introduction

Cities are the symbol of human civilization, social progress and
the spatial carrier of productivity, and the rapid development of
their cities plays an important role in promoting the economic
development of national regions (Estoque and Murayama, 20165
Zhou et al., 2018). In recent years, the level of global urbanization
rate has shown a trend of rapid growth, and its growth rate has
steadily increased (Gao and O’Neill, 2020). As the first country in
the world in terms of urbanization scale, China’s urbanization rate
has increased by 14.21% in the last decade, which is located in the
middle to upper level of the world. The rapid level of urbanization
plays an important role in promoting economic growth and
accelerating the mobility of labor, capital and technology, thus
increasing productivity (Bai et al, 2014; Hong et al, 2021).
However, rapid development also brings a series of problems
such as environmental pollution, heat island effect, greenhouse
effect and so on (Jedwab and Vollratb, 2015; Chen et al., 2020).
Therefore, how to promote the sustainable development of urban
areas has become an urgent problem for the coordinated
development of today’s society (McDonald et al., 2020).

Sustainable development has become an important topic in
current research (Shaker and Sirodoev, 2016; Han et al., 2023; Kim,
2023). A variety of comprehensive urban sustainable development
indicator systems have been proposed (Sun et al,, 2022; Yin et al,
2023). These indicator systems are mostly based on the theory of
sustainable urban development, using analytical hierarchy process to
construct urban indicator systems from different dimensions, and
have not formed a norm and a fixed framework. Although they can
reflect the actual problems that cities are currently facing and are
simple, easy to understand and operational, most of the indicators are
fragmented, and it is not possible to identify their intrinsic linkages,
logic, and achieve a dynamic assessment of urban development
(Michael et al., 2014). In order to address the challenges of global
sustainable development, the Sustainable Development Goals (SDGs)
were unanimously adopted by the United Nations Member States in
2015. Its 17 world-changing goals as part of the 2030 Agenda for
Sustainable Development (hereinafter referred to as the 2030
Agenda) call for global action to eradicate poverty, protect the
planet, and improve lives and futures, providing direction for the
world’s nations to achieve the goals within 15 years, and providing a
more integrated and inclusive solution to sustainable development, a
conceptual agenda to a measurable standards and actionable change
in a paradigm shift (Sachs et al., 2019).However, the framework is
proposed from a global scale, and the uneven development of
different countries leads to differences in the problems and
difficulties faced by each country or region in promoting and
implementing the SDGs, which makes it difficult to apply directly
to member countries at different stages of development, much less to
a specific city, and therefore must be localized according to the
specific study area (Meuleman and Niestroy, 2015; Horn and
Grugel, 2017).

As the world’s largest developing country, China adheres to
development as its first priority and has fully launched the
implementation of the sustainable development agenda. At the
Fifth Plenary Session of the 18th CPC(Communist Party of
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China) Central Committee, General Secretary Xi Jinping for the
first time put forward the new development philosophies of
innovation, coordination, greenness, openness and sharing, in
which adherence to “innovative” development is the first impetus
for leading development, “coordinated” development is the
necessary guarantee of sustained and healthy development,
“green” development is the sine qua non of sustainable
development, “openness” development expands the space for win-
win cooperation, and “sharing” development promotes social
justice. This is compatible with the five philosophies of People,
Planet, Prosperity, Peace and Partnership put forward in the 2030
Agenda, which are considered to be the key to promoting China’s
high-quality economic development. This is because only on the
basis of achieving sustainable development can cities realize high-
quality development and the coordination and unity of the
economy, society and the environment, and in turn high-quality
development is the basis and guarantee of sustainable urban
development, and only through improving the quality and level of
urban development can the goal of sustainable development be
better realized. On September 19, 2016, at the symposium on
“Sustainable Development Goals: Working Together to
Transform Our World - China’s Advocacy”, it was announced
that China’s Country Program for the Implementation of the 2030
Agenda for Sustainable Development (hereinafter referred to as the
Country Program) was released. It consists of five parts, including
China’s development achievements and experience, opportunities
and challenges for China to implement the 2030 Agenda for
Sustainable Development, guiding ideology and general
principles, general path of implementation, and implementation
plan for the 17 sustainable development goals, which not only
serves as a guide for China’s implementation, but also provides
reference for other countries, especially developing countries, to
promote the implementation of the goals.

As the capital of Yunnan Province, Kunming is the center of the
city cluster in central Yunnan Province and one of the important
central cities in western China as approved by the State Council.
Surrounded by mountains on three sides and bordered by Dianchi
Pond on the south, it belongs to the low-latitude plateau mountain
monsoon climate and is a typical low-latitude plateau lakeside city.
Lake water ecosystems in cities not only determine the
environmental quality of lake watersheds, but also the sustainable
development of the cities in which the watersheds are located (i.e.,
lakeside cities) (Dokulil, 2014; Huang et al., 2017), which is
important for promoting coordinated sustainable development in
the region (Reynaud and Lanzanova, 2017; Veldkamp et al., 2017;
Chung et al., 2021). Due to the characteristics of lakeside cities,
living around lakes for a long time, most of human production and
life occurs within the lake watershed. While it promotes urban
population agglomeration, urban expansion, and promotes
economic development in the watershed, global lake problems
such as depletion of lake water resources, water quality pollution,
eutrophication, and changes in food web topology have been caused
by the transitional development and use of lake water resources,
such as rapid urbanization, industrial and agricultural water use and
wastewater, aquaculture, land-use intensification, invasion of exotic
species, and recreational activities (Arthington et al., 2016; Edeline
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etal, 2016; Yang et al.,, 2019; Yang et al., 2020). Especially in recent
years, with the continuous threat of human activities, the number of
emerging pollutants has been increasing, such as microplastics and
antimicrobial resistance in lakes, which pose a serious threat to
aquatic ecosystems and human health, and have become a global
problem affecting the quality of lake ecosystems and sustainable
development of lakeside cities (Xu et al., 2016; Mannina et al., 2017).

Scholars have mostly conducted research from the perspective
of sustainable development of lakes or lake basins, mainly involving
the sustainable development of water resources, the study of the
interdependence of water-related SDGs indicators with other
indicators, or the localization of SDGs from the perspective of
conventional cities at the city level. Hu (2010) explored the
evaluation model of sustainable development in highland lake
basins from three aspects: coordinated development degree,
equity degree, and sustainability degree. Wang (2015) constructed
an ecological sensitivity evaluation system from five aspects of
topography, natural conditions, ground cover conditions, human
interference, policies and regulations to comprehensively evaluate
the ecological sensitivity model of the habitat environment in the
Yilong Lake Basin. Sun M. et al. (2022) constructed an index system
from four aspects of ecological environment, economic
development, social development and social security for the
ecologically fragile Dongchuan District of Kunming City and used
the entropy value method to evaluate the sustainable development
of its rural tourism. UN Water (2016) describes the linkages and
interdependencies between SDG6 (clean water and sanitation) and
other targets; and Keesstra et al. (2018) point out that there may be
increased pressure on freshwater resources due to the
implementation of SDGs focusing on the economic and social
dimensions, such as those related to food, health, land and
climate; Ho and Goethals (2019) examined the interconnections
and roles of sustainable development of lakes and reservoirs around
the world with the 17 SDGs, noting that it has both mutually
reinforcing and potentially conflicting relationships with nine
SDGs. Liu et al. (2023) used open-source big data to assess the
progress of the SDGs in 254 Chinese cities, distinguishing between
size and region. Su et al. (2023) combined PBs with the SJOS
framework to assess changes in environmental and socio-economic
dimensions in the Chaohu Lake Basin in China, with
recommendations for decision-making.

There are many lakeside cities in China, and 961 lakes larger
than 10 km? were analyzed, involving 188 lakeside cities with a total
lake area of 74,000 km?, and 261 lakes larger than 50 km?, involving
67 lakeside cities with a total lake area of 58,000 km2. However,
there is a lack of research on the localization of the UN SDGs on the
sustainable development of lakeside cities, and the sustainable
development of highland lakeside cities, in addition to the
sustainable development of lake water resources, also needs to
pay attention to the unique natural ecological environment
protection and restoration, the rational development and
utilization of rich natural resources, the protection of ethnic
minority cultures, the education and development of inheritance,
and the play of the advantages of the location towards South and
Southeast Asia, as well as the development and management of the
health tourism industry, and so on.
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Based on the above discussion, scholars have made some
achievements in the construction of urban sustainable
development indicator system, but the research on the localization
of the construction of sustainable development indicator system for
highland lakeside cities has not been carried out systematically, and
most of the existing indicator system research evaluates the
sustainable development of the city in terms of social, economic
and resource environment (Stauropoulou et al., 2023), and does not
construct sustainable development indicator system from the
perspective of the new development concept, thus failing to
effectively evaluate and analyze the effect of the implementation of
the new development concept on the region or city.; Huang, 2023),
and have not constructed a sustainable development indicator
system from the perspective of the new development philosophy,
thus failing to effectively evaluate and analyze the effect of
implementing the new development philosophy in the region or
city. How to localize the SDGs according to the basic situation of the
city is the main problem and challenge of sustainable development
(Hu et al.,, 2023). For plateau lakeside cities, there are general laws
and characteristics of general urban development, but also special
laws and characteristics of plateau lakeside cities development, and
in the context of the implementation of the “One Belt, One Road”
initiative, the construction of South Asia Southeast Asia Radiation
Center and other major strategic implementation, how to build the
SDGs indicator system based on the new development concept in
line with China’s national conditions is the main issue and challenge
of sustainable development. It is a scientific problem that needs to be
solved in the construction of China’s sustainable development
evaluation index system. Therefore, with the help of the indicators
of the 2030 Agenda and the Country Programs, the article refines
the objectives of the five dimensions of China’s New Development
Philosophy (NDP), namely, innovation, coordination, greenness,
openness and sharing, and builds a framework for assessing the
sustainable development of Kunming City on the basis of the key
year of the NDP in 2015. Finally, through the quantification of
indicators and the allocation of weights, the overall development
level of Kunming’s sustainable development, the degree of
coordination and the degree of correlation among the dimensions
are explored.

2 Study cases

2.1 Current development situation
in Kunming

Kunming City is located in the central region of Yunnan
Province, with the unique location advantage of “connecting
Guizhou and Guizhou to the east and the coast, Sichuan and
Chongqing to the north and the Central Plains to the north,
Vietnam and Laos to the south, Thailand and Cambodia to the
south, and Myanmar and India and Pakistan to the west” (Figure 1).
As an important engine of economic development in Yunnan
Province, Kunming’s GDP has always been in the first place in
Yunnan Province. 2021, its economic and social development has
achieved new results, the quality and efficiency of industrial
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FIGURE 1

Overview map of the study area. (A) Administrative boundaries of China; (B) Administrative boundaries of Yunnan Province; (C) Administrative

boundaries of Kunming City.

development has been significantly improved, the urban and rural
areas have been greatly improved, the vitality of the development
has been continuously enhanced, the overall situation of the society
has remained harmonious and stable, and the high-quality
development has achieved new breakthroughs. According to the
Kunming Statistical Yearbook, the resident population in 2021 will
be 8.520 million, with an urbanization rate of 80.5%. The annual
GDP is 722,250.1 million yuan, and the industrial structure is
diversified, showing a “three-two-one” development pattern with
the service industry as the main focus, with the proportion of the
three industries being 63.7%, 31.7% and 4.6% respectively. In
addition, Kunming has become a transportation hub in Southwest
China, with the rapid development of a well-developed logistics
industry, tourism, and electronic information industry, as well as
the gradual rise of specialty agricultural products and the flower
industry. With its unique natural environment, rich history and
culture, booming economy, advanced science and technology
education and quality living environment, it has become the most
influential megacity in Southwest China.

2.2 Development strategy of Kunming

As China’s gateway to Southeast Asia, Yunnan Province plays
an important role in China’s economic and trade cooperation and
humanistic exchanges with neighboring countries in East, Southeast
and South Asia. Its strategic position and location advantages have
become more and more prominent, and it has become the
economic main body opening up to Southeast Asia and South
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Asia as well as an important part of the Southwest China Economic
Circle. Kunming City is the center of political, economic, cultural
and social development of Yunnan Province, the forefront of the
construction of the “Belt and Road” and the “central processor” of
the Dianzhong City Economic Circle, and occupies a central
position in the strategic development of the province. It has a
strong economic foundation, rich in mineral and agricultural
resources, and is an important economic center in southwest
China; it is rich in population and cultural resources, and has
unique minority cultures and historical sites. Strengthening
cooperation in ecological protection and pollution control of
plateau lakes and giving full play to the radiation-driven role of
the province will help promote the province’s economic
development in a high-quality and leapfrog manner.

2.3 Demand for development strategies
in Kunming

In 2015, General Secretary Xi Jinping emphasized during his
visit to Yunnan that “Yunnan should take the initiative to serve and
integrate into the national development strategy, break a path of
leapfrog development, and strive to become a model area for
national unity and progress, a leader in ecological civilization
construction, and a radiation center facing South Asia and
Southeast Asia”. With reference to the development layout of
“Yunnan Provincial Spatial Planning and Territorial Planning
(2016-2035)”, it will enhance the radiation capacity of the city
cluster in central Yunnan, build efficient transportation corridors,
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improve the level of development and opening up of the border
areas, and form a spatial pattern of development and opening up
with “a group of cities, a belt, ten corridors and multiple points” as
the main framework. With the Kunming Metropolitan Area as the
core, the city cluster in central Yunnan formed around the
neighboring cities of Kunming City can quickly form and
accelerate the building of the regional central city of Kunming
City, and play a role in radiating and driving the rapid development
of large, medium and small cities in the province. It will promote
the sustainable development of the Kunming region by focusing on
the strategic needs of strengthening ecological protection,
deepening tourism development, improving infrastructure
construction, promoting industrial transformation and upgrading,
and enhancing the city’s vitality and innovativeness.

2.4 Special mission for the development
of Kunming

During the “13th Five-Year Plan” period, Kunming City has
implemented the new development concept, actively promoted the
high-quality development of the economy, the economic strength
has greatly jumped, the economic structure continues to optimize,
the quality and efficiency has improved significantly, the people’s
sense of access, happiness and security continue to increase, and the
construction of the regional international central city has made a
solid step forward. During the 14th Five Year Plan period, Kunming
shoulders a special mission in the economic and social development
of Yunnan, firmly pursuing development based on one positioning,
and making the Kunming area of the China Pilot Free Trade Zone a
leading area for Yunnan to build a radiating center towards South
Asia and Southeast Asia, as well as for Kunming to build a regional
international center city; 5 benchmarks for development, setting a
benchmark for reform and innovation in the province, setting a
benchmark for modern industrial development in the province,
setting a benchmark for opening up to the outside world,
integrating industry and city in the province, and setting a
benchmark for the business environment in the province; Seven
key tasks for development include expanding new advantages of
reform and opening up, creating a new environment for innovation
and entrepreneurship, building a new modern industrial system,
promoting new development of industry city integration, creating
new models of green parks, improving new levels of public services,
and building a new pattern of social governance.

3 Construction of the indicator system
and quantification methodology

3.1 Logical construction of indicator level
From the perspective of the new development philosophy, this
paper constructs the evaluation index system for sustainable

development of Yunnan plateau lakeside cities, and the overall
research program is shown in Figure 2, which is mainly divided into
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four parts: Construct the sustainable development index system of
Yunnan plateau lakeside cities; Acquire and quantify the sustainable
development index data of typical Yunnan plateau lakeside cities;
Construct an evaluable sustainable development index system by
assigning values to the indexes; Evaluate the sustainable
development of Kunming City in the demonstration area and
analyze the time-sequence of changes in the level, and use this as
the basis for decision-making support.

3.1.1 Localization of SDGs at the national level
in China

By combing the 17 SDGs, 169 specific goals and 231 specific
indicators in the 2030 Agenda and the corresponding safeguard
measures in the Country Programs, the objectives of the five
dimensions of China’s new development philosophy, namely
“Innovation, Coordination, Green, Openness and Sharing”, have
been refined.

“Innovation” is the first driving force for development,
including theoretical, institutional, scientific and technological,
and cultural innovation. Specifically, indicators such as scientific
and technological research and development expenditure, the
number of patent applications, the number of high-tech
enterprises, the value added of emerging industries, higher
education and the number of talents can be considered;
“Coordination” mainly addresses the problem of unbalanced
development, which is a necessary safeguard and intrinsic
requirement for sustained and healthy development, and should
focus on promoting the coordinated development of urban and
rural areas, the coordinated development of the economy and
society, and the coordinated development of the “Five
Harmonizations”. Specifically, consideration could be given to
indicators measuring the gap in economic development between
different regions, the harmonization of industrial structures, and the
balance between environmental protection and economic
development; “Green” focuses on the harmony between human
beings and nature, which is a necessary condition for sustainable
development, and should include the construction of a resource-
saving and environmentally friendly society and the formation of a
new pattern of modernization and construction in which human
beings and nature develop in harmony, with consideration given to
the measurement of such indicators as air quality, water quality,
energy consumption, carbon emissions, and the treatment of three
types of waste; “Sharing” mainly addresses the issue of social
fairness and justice, which is the essential requirement of
socialism with Chinese characteristics, and should include such
aspects as social equity, social welfare and social security, and can be
considered as a measure of income distribution, education level,
medical security and other indicators; “Openness” is to solve the
problem of internal and external linkage of development, and is a
necessary way to enhance international competitiveness and
influence in the context of globalization, including opening up to
the outside world, international cooperation, international
influence, which can be considered to measure indicators such as
the volume of exports, foreign investment, and the number of
international cooperation projects.
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FIGURE 2

Logical hierarchy diagram of the construction of sustainable development indicator system for plateau lakeside cities.

3.1.2 Localization of SDGs in Kunming

After the “Twentieth Congress”, Yunnan held the Third Plenary
Session of the Eleventh Provincial Party Committee to consider the
adoption of the “CPC Yunnan Provincial Committee on the in-
depth study and implementation of the spirit of the twentieth CPC
Central Committee striving to open up a new era of socialist
modernization and construction of a new situation in Yunnan,”
the scientific planning for the development of the overall thinking,
distinctly put forward the implementation of the Yunnan “3815”
strategic development goals and objectives of the plan, and to ensure
that with the country’s synchronization with the realization of the
socialist modernization of the basic. The “3815” strategic goal is to
promote the high-quality development of Yunnan Province
“timetable” and “roadmap”, is an important stage in the
realization of high-quality leapfrog development in Yunnan, the
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key lies in the “five focuses, five efforts”. The localization of SDGs for
plateau lakeside cities should be guided by the five focuses of the
“3815”. At the same time, special attention should be paid to
indicators of sustainable development characteristics of plateau
lakeside cities, such as complex topography and climate diversity.
In addition, it is necessary to consider the evaluation of the capacity
offlood control and drainage systems, the ability to cope with natural
disasters such as mudslides, and the protection and restoration of
natural ecological environment.

The United Nations SDGs global indicator system contains 169
subgoals and 231 targets, however, the Inter-Agency and Expert
Group on Sustainable Development Goal Indicators (IAEG-SDGs)
has pointed out that about 83 targets lack recognized quantitative
methods and data sources. However, the Inter Agency and Expert
Group on Sustainable Development Goal Indicators (IAEG-SDGs)
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pointed out that about 83 specific indicators lacked recognized
quantitative methods and data sources, such as indicators related to
subjective feelings, values and ethical standards, and complex
ecological processes that are difficult to quantify, as well as
indicators for which data are missing or may be classified and
difficult to obtain. Therefore, this study refers to the indicator
construction method of Chen et al. (2019) when carrying out
regional localization, and first considers the applicability of the
indicators and the reliability and accessibility of the indicator data,
and adopts four ways of directly selecting, optimizing, replacing, or
abandoning the three-level indicators. Among them: the adaptability
analysis is whether the specific indicators of the United Nations’
SDGs are of practical significance or value to the region under study;
reliability of indicator data means whether the selected indicators
have authoritative, reliable and accessible data, including statistical
data, monitoring data, remote sensing data and other types of data;
accessibility of indicator data means whether the indicators can be
quantified and whether they can satisfy the time series and spatial
coverage required for the study; direct selection means that the
names, definitions, interpretations and computation methods of the
original indicators will not be changed; optimization means that
the original indicators cannot be directly applied to the study area,
and need to be combined with the original indicators; optimization
means that the original indicators cannot be directly applied to the
study area, but need to be adjusted in the light of the actual situation
of the study area, including the name, connotation or improvement
of the calculation method; replacement means that the original
indicators of the United Nations SDGs are not applicable or cannot
be reliably obtained, and then look for similar or comparable
indicators; abandoning refers to the selection of the indicators that
have no practical significance in the assessment of sustainable
development in the study area, and when the quantification of the
indicators cannot be reliably obtained and no alternative indicators
can be found. For example, for Kunming City, where there is no sea
area, the relevant indicators of SDG14 (ocean) have no practical
significance or value, so they cannot be used directly, but considering
that the sustainable development of oceans is similar to that of lakes
to a certain extent, “SDG14.1.1 (a) Coastal Eutrophication Index” is
replaced by “lake eutrophication index”. For example, “SDG15.5.1
Red List Index”, although there is an authoritative “Red List of
Biological Species in Yunnan Province (2017 Edition)”, its time
series (only 2017) and spatial coverage (the scope of Yunnan
Province could not be specified to a city) could not meet the
requirements of the study, so it was abandoned.

In summary, based on the perspective of the new development
philosophy, taking the five dimensions of “innovation,
coordination, greenness, development and sharing” as the first-
level objectives, and with the help of the United Nations SDGs
system and the interpretation of the 17 major objectives in the
Country Programs, the objectives of the five dimensions have been
refined, and the internal indicators have been constructed to reflect
the common characteristics of sustainable urban development and
the special characteristics of sustainable development of plateau
lakeside cities. At the same time, with the help of Yunnan Province’s
“14th Five-Year Plan” and “3815” goals, and with reference to the
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sustainable development index system of Deqing (http://
www.deqing-sdgs.cn/), Shenzhen (Shenzhen Sustainable
Development Assessment Report 2016-2021, 2022), Lincang
(Lincang city sustainable development plan (2018-2030), 2019)
and other cities (Cao et al., 2023; Ndeketeya and Dundu, 2023),
the connotative indexes were refined, and localized specific indexes
were constructed on the basis of quantifiable and accessible data,
and the index system shown in Table 1 was finally obtained, which
includes 26 connotative indexes and 84 specific indexes.

The correspondence between the five first-level dimensions of
the new development philosophy in this indicator system and the 17
United Nations SDGs is shown in Figure 3. The five development
philosophies are intrinsically linked and interact with each other in
urban development: Through innovation, industrial upgrading,
technological progress and economic growth can be promoted,
giving cities the competitiveness for sustainable development. Its
development needs to rely on coordinated development, and the
harmonization of development in various fields can provide a good
environment and support, as well as a foundation and impetus for
innovation. Green development requires cities to adopt a sustainable
approach to resource utilization and environmental protection,
which is important for promoting innovation and achieving
coordinated development. At the same time, innovation and
coordinated development provide technical and policy support for
green development. Sharing, as an essential requirement for urban
development, can only benefit more residents by realizing the sharing
of resources, services and opportunities. Innovation can provide new
modes and means for sharing, coordinated development can
guarantee the balance and fairness of sharing, and green
development can provide a sustainable basis for sharing. Opening
up can bring in foreign resources, talents and capital, providing
impetus and opportunities for urban innovation and development. It
can also promote coordinated and green development and realize the
goal of sharing through exchanges and cooperation with the outside
world. In short, “innovation, coordination, greenness, sharing and
openness” are mutually reinforcing and supportive of each other to
build a sustainable city. In addition, based on the understanding of
China’s national conditions and Yunnan Province’s provincial
conditions, the construction of the Yunnan Plateau Lakeside Cities
Sustainable Development Indicator System will also help to support
the evaluation of sustainable development at a larger level (provincial
and national).

3.2 Data sources and quantification
of indicators

The quantification of the indicators in the indicator system is
the prerequisite and basis for realizing the dynamic monitoring and
assessment of sustainable urban development. Specific monitoring
and measurement of each indicator facilitates comparison and
comprehensive analysis between indicators. At present, the means
of obtaining indicator data include historical statistical data, in-situ
monitoring data, remote sensing observation data and web
crawler data.
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TABLE 1 Evaluation Indicator System of Sustainable Development in Kunming City.

Data Sources and

10.3389/fevo.2023.1291462

Primar Secondar ] . e Benchmar-  Indicator :
. Y . y Tertiary Indicators Quantification : : Weights
Indicators Indicators king SDGs Properties
Methods
Technological Number of researchers (full-time YN_SYb
innovation equivalent) per million 9.5.2 + 0.0217
inhabitants (persons)
Expenditure on research and YN_SYb
experimental development as a share 9.5.1 + 0.0227
of GDP (%)
Research and experimental YN_SYb
development expenditure 9.b.1 + 0.0218
(hundred million)
P . . X
atents fo'r inventions per 10,000 YN_SYb 052 . 0.0223
people (pieces)
I tion
Specialty Agriculture C‘omposne 1n(?1ex of production of YN_SYb 231 . 0.0222
highland specialty crops
Cultivation of talent Number of higher education NESD_SB
e e 4.3.1 + 0.0219
institutions (institutions)
Teacher-student ratio in higher NESD_SB
i 431 + 0.0229
education (%)
Characteristic Number of art and cultural NESD_SB
11.4.1 + 0.0217
Culture/ centers (number)
Heritage
Construction Proportion of cultural utilities to C SYb 1141 . 0.0228
public service expenditures (%) -
Urban habitat Ratio between land-use rate and RS_LUC .
X 11.3.1 1.12 Fit 0.0115
population growth rate (%)
Urbanization rate (%) NESD_SB 1l.a.1 + 0.0112
Urban population density YN_SYb
2 1l.a.1 + 0.0132
(persons/km®)
Engel’ .
ngel s coefficient for urban NESD_SB 1021 ~ 0.0119
residents (%)
Agricultural Grain yield (Kg) YN_SYb 2.3.1 + 0.0117
development
A ith fa YN_SY!
re'a.sown with food crops _SYb 241 N 0.0121
(million hectares)
T . .
otal povT'er of agricultural machinery YN_SYb 241 N 0.0120
(10,000 kilowatts
Coordina- Irrigable area as a percentage of RS_LUC
. , 24.1 + 0.0113
tion cultivated area (%)
Fertilizer use per hectare of arable YN_SYb
241 - 0.0121
land (KG)
Pesticide use per hectare of cultivated YN_SYb
- 24.1 - .011
land (KG) 0.0116
Dispari . . . .
isparity between Batm of disposable income per capita YN_SYb 1021 1Fit 00113
urban and rural areas | in urban and rural areas (%)
Engel’s coefficient ratio for urban and NESD_SB .
R 10.2.1 1Fit 0.0119
rural residents (%)
Economic GDP per capita (yuan) YN_SYb 8.1.1 + 0.0115
development
Annual GDP growth rate (%) YN_SYb 8.1.1 + 0.0112
Manufacturing Share of manufacturing value added in YN_SYb
9.2.1 + 0.0122
development GDP (%)
(Continued)
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TABLE 1 Continued

Data Sources and

Primar Secondar . . I Benchmar-  Indicator :
. Y : y Tertiary Indicators Quantification : : Weights
Indicators Indicators king SDGs Properties
Methods
Sh f i
are o em'ployment in YN_SYb 922 . 0.0116
manufacturing (%)
Employment Urban registered unemployment NESD_SB
. . 8.5.2 - 0.0117
situation rate (%)
Utilization of Rate of good water quality at cross E_SB+WQM_MR
. 6.3.2 + 0.0074
water resources section (%)
T -
ot'a.l water resources (billion YN_WRB 642 N 0.0071
cubic meters)
Water resources per capita YN_WRB
. 6.1.1 + 0.0072
(cubic meters)
Comprehensive water use per capita YN_WRB
. 6.1.1 - 0.0072
(cubic meters)
Water storage (billion cubic meters) YN_WRB 6.a.1 + 0.0079
Lake volume (billion cubic meters) YN_WRB 6.6.1 + 0.0077
Lake trophic state index E_SB+WQM_MR 14.1.1 - 0.0079
Water conservation (mm) InvEST Modle 6.6.1 + 0.0070
Climatic Composite air quality index (%) YN_SYb 11.6.2 + 0.0077
environment
F : .
requency of over- 'qua.ntlﬁed flood YN_PD 1321 ~ 0.0081
flows (number of times)
Aridity index (%) De Martonne aridity index 13.2.1 + 0.0075
Growth rate of temperature (%) AT_MD 13.3.2 - 0.0075
Land use Forest cover (%) RS_LUC 15.1.1 + 0.0073
Area of forest conservation operations YN_SYb
15.1.2 + 0.0075
(10,000 ha)
Green
P .
roportion of degraded land to total RS_LUC 1531 ~ 0.0079
land area (%)
Wetland cover (%) RS_LUC 15.1.2 + 0.0081
Impervious surface coverage (%) RS_LUC 11.3.2 - 0.0077
Greening coverage of built-up RS_LUC 171 . 0.0072
areas (%)
E i i X
nergy efficiency Water consumption per 10,000 YN_SYb 731 ~ 0.0079
GDP (%)
Energy consumption of 10,000 Yuan YN_SYb 1222 0.0079
GDP (tons of standard coal) - :
Three-waste Non-hazardous treatment rate of YN_SYb
L. i 6.3.1 + 0.0084
emissions domestic waste (%)
and treatment
Industrial wastewater treatment YN_SYb
ndustrial wastewater treatmen . 6.1 . 0.0081
rate (%)
Compre'henswe' utlhz'atlon rate of YN_SYb 1251 . 0.0081
general industrial solid waste (%)
Urban (county) sewage treatment YN_SYb
6.3.1 + 0.0082
rate (%)
Industrial emissions (billion YN_SYb
' 1242 - 0.0078
cubic meters)
YN_SYb 6.3.1 - 0.0077
(Continued)
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TABLE 1 Continued

Data Sources and

Primar Secondar ! . e Benchmar-  Indicator .
. Y : y Tertiary Indicators Quantification : : Weights
Indicators Indicators king SDGs Properties
Methods
Chemical Oxygen Demand (COD)
emissions (tons)
Government finance General public budget revenue GDP NESD_SB
. 17.1.1 + 0.0149
and public trust share (%)
Government financial self- NESD_SB
' 17.12 + 0.0139
sufficiency (%)
P .
rop.omon of tax revenue to general NESD_SB 1712 . 0.0146
public budget revenue (%)
Number of embezzlement, bribery, WebSD
malfeasance, etc. of public 16.5.1 - 0.0138
officials (persons)
Basic government expenditure as a WebSD
percentage of initial approved 16.6.1 1Fit 0.0150
budget (%)
Share of expenditure on basic public YN_SYb
. laz2 + 0.0146
services (%)
Openness Tourism GDP share of tourism (%) YN_SYb 8.9.1 + 0.0143
development
Total number of tourists YN_SYb 892 N 0.0139
(10,000 persons) o :
Forei .
oreign trade Tota.l ?mport and export trade YN_SYb 1731 N 0.0132
($ billion)
Exports as a percentage of regional YN_SYb 17111 . 0.0150
GDP (%) o !
Int-erconnectio.rf Numb-er of Int-er‘net NESD. SB 1781 . 0.0139
and interoperability subscribers (million)
Regional Advantage Turnover of Kunming Fair (US WebSD
e 17.9.1 + 0.0142
$ billion)
Number of consulates (number) WebSD 17.9.2 + 0.0145
Number of Fljlendshlp and Friendship WebSD 17.92 N 0.0140
Exchange Cities (number)
Medical and Number of health technicians per YN_SYb
3.cl + 0.0108
health care 10,000 persons (persons)
Number of beds in medical YN_SYb
. 3.8.1 + 0.0108
institutions per 10,000 persons (beds)
Number of medical institutions and YN_SYb
R 3.8.1 + 0.0108
hospitals (number)
Eradication Disposable income per capita (yuan) YN_SYb 1.1.1 + 0.0107
of poverty
Proportion of population with YN_SYb 121 0.0119
Share minimum subsistence allowance (%) - ’
| rotectlng social Basic pension insurance participation YN_SYb 131 N 0.0110
rights and interests rate (%)
Health i -
ealth insurance participation YN_SYb 131 N 0.0109
rate (%)
U .
ne‘m‘plo?rment insurance YN_SYb 131 . 0.0103
participation rate (%)
Educational security Consolidation rate of compulsory YN_SYb
. 4.12 + 0.0121
and standards education (%)
(Continued)
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TABLE 1 Continued

Data Sources and

Primar Secondar . . o Benchmar-  Indicator :
. Y : y Tertiary Indicators Quantification : : Weights
Indicators Indicators king SDGs Properties
Methods
Number of compulsory WebSD
4.a.l + 0.0123
schools (number)
C i il-
o‘mpulsory education pupil-teacher YN_SYb 411 N 0.0118
ratio (%)
Gross preschool enrolment rate (%) YN_SYb 422 + 0.0112
Middle school graduates’ transition YN_SYb
. . 4.3.1 + 0.0112
rate and general vocational ratio (%)
High school graduation rate (%) YN_SYb 4.6.1 + 0.0106
Transportation Density of roads(km/km?) WebSD+GIS_SA 9.1.1 + 0.0111
infrastructure
Passenger traffic (10,000 trips) NESD_SB 9.1.2 + 0.0116
Cargo volume (tons) NESD_SB 9.1.2 + 0.0103
Accidental casualties Deaths in traffic accidents, fires and NESD_SB+WebSD
X 11.5.1 - 0.0105
natural disasters (persons)

YN_SYb, Yunnan Provincial Statistical Yearbook; C_SYb, Statistical Yearbook of each city or state; NESD_SB, National Economic and Social Development Statistical Bulletin of cities; E_SB,
Yunnan Provincial Ecological and Environmental Condition Bulletin; WQM_MR, Monthly report on water quality monitoring status of the nine plateau lakes; GIS_SA, GIS-based spatial
analysis; WebSD, Web Crawling Technology Data Acquisition; RS_LUC, Remote Sensing-based Land Use Classification; AQ_MR, Monthly Report on Ambient Air Quality in Major Cities of the
Province; YN_WRB, Yunnan Provincial Water Resources Bulletin; AT_MD, Monthly Mean Temperature Dataset of China at 1km Resolution from 1901-2022 by the National Center for Earth

System Science Data; YN_PD, Study on Storm Flooding Patterns of Yunnan Province in the Past 30 Years; “+ “: positive indicator; “-”: negative indicator.
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FIGURE 3

Schematic diagram of the relationship between the indicator systems for sustainable development of plateau lakeside cities. CX1, CX2, CX3, CX4 in
the text represent science and technology innovation, special agriculture, talent cultivation and construction of special culture and cultural relics
respectively; XT1, XT2, XT3, XT4, XT5 represent urban habitat, agricultural development, urban-rural disparity, economic development,
manufacturing industry development and employment respectively; LS1, LS2, LS3, LS4 represent water resources exploitation and utilization, climate
environment, land use, energy efficiency and three-waste emissions and treatment respectively; KF1, KF2, KF3, KF4, KF5 represent government
financial credibility, tourism development, foreign trade, connectivity and interconnection;GX1, GX2, GX3, GX4, GX5 and GX6 represent healthcare,
poverty eradication, social rights and interest protection, education security level, and transportation infrastructure, respectively.
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3.2.1 Historical statistics

Historical statistics are usually derived from data surveys and
statistics from government agencies, survey agencies and related
organizations, and are published in the form of data tables, charts
and reports. The statistical data in this study were obtained from
Yunnan Provincial Statistical Yearbook 2012-2022, Kunming
Statistical Yearbook 2012-2022, Kunming National Economic and
Social Development Statistical Bulletin, Yunnan Provincial
Ecological and Environmental Status Bulletin, Monthly Report on
the Water Quality Monitoring Status of Nine Plateau Lakes, and
Monthly Report on Ambient Air Quality in Major Cities of
the Province.

3.2.2 In-situ observation data

In-situ observation data come from various sensors deployed in
the cities and can be accessed by the user through data interfaces or
data portals, such as the rate of change of temperature, the number
of occurrences of heavy rainfall or exceptionally heavy rainfall, and
the relevant water quality parameters in the calculation of the lake
basin’s water conservation and the lake’s water environmental
capacity indicators. In this indicator system, the data on the
frequency of super-quantitative flood flows, the aridity index and
the growth rate of air temperature are derived from in
situ observations.

3.2.3 Remote sensing observation data

Remote sensing observation data are obtained through artificial
satellites and aircraft observation and measurement techniques on
the surface of the earth to obtain remote sensing images within the
urban area, such as Landsat, Modis, Gaofen, Sentinel and other
remote sensing image data, which are used to quantitatively extract
and invert the data on surface cover, land use, vegetation cover, land
change and water resources; The nighttime light images provided by
DMSP series satellites and NPP satellites can be used as a
characterization of human activities and become a good data
source for human activities monitoring and research. With the
arrival of the era of geographic big data, as well as the development
and combination of remote sensing and artificial intelligence
technologies, not only can the monitoring of SDGs be carried out
from different spatial scales and time scales (Giuliani et al., 2020),
but also can make the acquired and quantified indicator data more
accurate. In this study, indicators involving remotely sensed
observation data include: ratio between land use rate and
population growth rate, irrigable area as a percentage of cropland
area, water conservation, forest cover, degraded land as a percentage
of total land area, wetland coverage, impervious surface coverage,
and built-up area greening coverage.

3.2.4 Web-crawler data

Web crawler technology can quickly obtain data from multiple
websites, and filter the required data based on keywords,
classification and automation, etc. It obtains data with high speed,
high precision and a wide range of data. After preliminary inquiry,
the following indicators were obtained: the number of public
officials’ corruption, bribery, malfeasance, etc., the ratio of basic
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government expenditures to the initial approved budget, the
turnover of the Kunming Fair, the number of consulates, the
number of friendly and friendship exchange cities, the number of
compulsory education schools, the density of roads and the number
of deaths from traffic accidents, fires and natural disasters.

3.2.5 Quantification of special indicators

The “comprehensive index of production of plateau specialty
crops” among the innovative indicators is calculated using the
average growth index of plateau specialty crops: the number of cut
flowers, edible fungi production and medicinal herbs production;

The calculation of water production in lake basins is based on
the annual water production model of InVEST (Sun M. et al., 2022).
The model is mainly based on the Budyko theory and water balance
principle, and its water production Yy is determined for the image
element x:

Ea,x
P )

X

Yx:Px_Eax:(l_

- Py (1)

Where: E,, is the actual annual evapotranspiration in mm and

P, is the annual precipitation in mm.
i‘j: in Eq (1) can be

expressed as follows according to the Budyko curve and Foubauld’s

For the image element of vegetation type,

formula:

1

E E E, 0\ W]
S [ L Y )
Py Py Py
Ep,x =B Er,x (3)
0,
W,=2.—+125 (4)
Py
ex = min(draat,x’ dlayer,x) : eplanr,x (5)

Where: E,  is the potential evapotranspiration in mm;E,  is the
reference evapotranspiration in mm; K is the evapotranspiration
coefficient of land use lx; W, is a nonphysical parameter
characterizing natural climate-soil properties; Z. is the Zhang
coefficient, also known as the seasonal constant; 0, is the water
content of the plant per unit volume of the plant that can be utilized
water content in mm; dyoex is the plant root depth in mmy; dpayerx is
the plant rhizosphere limiting depth in mm; and 6,jan.x is the plant
available water capacity.

For non-vegetated types of image elements, the actual
evapotranspiration E,, in Eq. (4) is considered to be limited by
the magnitude of its water volume and evapotranspiration capacity,
which can be expressed as

Ea,x = min(Kc,lx : Er,x>Px) (6)

Where: K, is the evapotranspiration coefficient of land use Ix;
E, x is the reference evapotranspiration in mm; and Py is the annual
precipitation in mm.

Due to the influence of the subsurface, it is necessary to
combine the topographic index, soil saturated hydraulic
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conductivity, and flow coefficient to correct the water yield
calculated by the InVEST model in order to obtain the amount of
water culmination. The correction method is as follows:

249 K
C, = min( 1,=—=) x min(1,0.3 x T,) x min| 1,=2*
Vi, 300

x Y, (7)

A .
T = Zg grainage,x
* <dsoil,x : Spercent,x

Where: C, is the water-holding capacity in mm; Y, is the water
yield in mm calculated by the INVEST model; V,_is the flow rate
coefficient for the land use Ix; Ky« is the saturated hydraulic

®)

conductivity of the soil(mm-d'); T, is the topographic index;
Agrainagex 18 the regional catchment; dyoi is the thickness of the
soil in mm; and Spercentx is the percent slope.

A full convolutional neural network is constructed for lake
water body extraction modeling, in which an ordinary three-layer
convolutional block is used as in Eq. (9):

f) = o(g(o(g(a@l x C)) x ) x C3)) )

Where: I is the input image, G is the activation function, C,, is
the weights of the convolutional layers, g is the group
normalization, and f is the computational function of the three-
layer convolutional block.

The convolutional layer can be followed by classifying the input
data according to the activation function. The Adam optimizer is
added to the model, which is simple and easy to use,
computationally efficient, has low memory requirements, has no
effect on the diagonal reconstruction of the gradient, solves the
problems of data and parameters, non-stationary targets and very
noisy or sparse gradients, and the hyper-parameters are intuitively
interpreted and usually do not need to be tuned (Kingma and Ba,
2014).

(x[ = aTm (10)

my = Bim_y + (1= By)g (11)

v =Bovis + (1= Bo)gl (12)
m

Ot = GH - Ottm (13)

Where: o is the learning rate, §; and [, are the decay factors
used to compute the first- and second-order distance estimates, my
and v, are the variables for the first- and second-order moment
estimates, respectively, € is a small constant added for numerical
stability, © is the model parameter to be updated, and g is the
gradient calculated at time step t.

A binary cross-entropy loss function is added to the model for
water body boundary extraction, which converts the difference
between the model predicted values and the true labeled values
into a scalar loss value that is used to measure the accuracy of the
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model predictions as in Eq. (14):

Loy, Y1) = —%Ef«il [Y; > logy, + (1= Y)log(1-y,)]  (14)

Where: N denotes the number of samples used for network
training, Y; denotes the probability of labeling, and y,, denotes the
probability after network prediction.

Figure 4 shows the statistics of the data sources required for the
quantification of the indicator data in Kunming, of which 57 (67%)
indicators were quantified using historical statistical data, 8 (9.5%)
were obtained through web crawler technology, 8 indicators used
in-situ and remote sensing data, and 3 (4%) required both remote
sensing and in-situ observation data, namely Water conservation,
Aridity index and Growth rate of temperature. There are 3
indicators (4%) that require both remote sensing and in situ
observation data, which are Water conservation, Aridity index
and Growth rate of temperature.

3.3 Weighting of indicators

Determining the weights is the key to achieving reliable
evaluation results. Currently, there is no consensus on the setting
of weights for SDGs, and a particular method has not been proven to
be the optimal solution (Sachs et al, 2019). The internationally
recognized equal weight arithmetic average method helps to
compare the overall SDGs performance of different countries and
provinces (SDSN, 2018). However, some scholars have found that
the SDGs indicator system is so large that the optimization of one
objective leads to the weakening of another, and there is a
contradictory relationship (Nilsson et al, 2016; Mollier et al,
2017). Simply summing up the objectives does not represent the
progress in the direction of sustainable development, and this
evaluation may make it easier to achieve the economic objectives
while the environmental objectives cannot be reached, and does not
present the characteristics of urban development in the assessment
of the indicators. Therefore, based on the quantitative results of the
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FIGURE 4
Statistical map of indicators data sources in Kunming
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development indicators, this paper adopts the subjective and
objective combination of the game theory’s assigned value method
for the five dimensions of the new development philosophy,
calculates the comprehensive weights of the indicators, and
constructs an evaluable indicator system, so as to assess the
comprehensive ability of the city’s sustainable development.

3.3.1 Data standardization

Raw data have different orders of magnitude and scales and
need to be standardized in order to facilitate statistical analysis of
the indicators:

’
Xij = (xij - xmin)/(xmax

— Xpmin) (x;-]- as a positive indicator) (15)
Xij = (xmax - xij)/(xmax
— Xpin) (x;-j as a> negative indicator) (16)

Where: Xy i the standardized value; Xij is the measured value of
the j indicator in the i year of the urban development evaluation;
Xmax 18 the maximum value in the time series of the indicator; X,,;, is
the minimum value in the time series of the indicator.

If a fixed value is appropriate in the nature of the indicator, if a

is moderate, then the measured value ng should be calculated first by
}
ij
should be normalized as the measured value by using the inverse

—a

using the formula: XL- }= ’x , then the new indicator value XL- }

indicator formula.

3.3.2 Evaluation of integrated capacity for
sustainable development based on game theory
combination weight method

Analytical hierarchy process (Marzouk et al., 2022; Zhong et al.,
2023) is able to hierarchize complex issues and quantify qualitative
issues, and can be used to determine the weights according to
experience and actual situation, reflecting the intention of decision
makers. Considering that each indicator is equally important in the
SDGs. Therefore, the subjective weighting method in this paper
adopts the analytical hierarchy process method based on
equal weights.

The coefficient of variation method (Wu and Huang, 2023)
calculates the weights of the indicators through the information
implied by each indicator; the greater the difference in the values of
the indicators, the more they reflect the gaps in the system, and the
greater the value of the scores assigned. On the contrary, a smaller
value is assigned. As the number of third-level indicators contained
in the five first-level dimensions is inconsistent, in order to
emphasize that each dimension is important for sustainable urban
development, it is necessary to calculate coefficients of variation and
weights for each of the five dimensions separately.

Information entropy is the value used to describe the
uncertainty in information. The lower the entropy, the lower the
uncertainty, and the easier it is to obtain certain information.

The game theory based combinatorial approach is to strike an
equilibrium between the various weights by minimizing the
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deviation between the weights determined by combining the
various methods, the main steps of which are described below
(Liu T. et al., 2018):

There are n indicators in the urban sustainable development
indicator system, and there are k (k =3 in this paper) methods for
weight assignment, and the weight vector obtained from each
analysis method is Wj (j=1,2,...,k), then there are:

W= 2 W; T (17)

Where: W is the set of all possible weight vectors; a; is the
combination coefficient.

Determine the combination weights to get the response model,
the formula is as follows.
(18)

min

. — 2
‘E}ilai W, T- W, TH (=1,2,-k)

Solving the above equation yields the optimal a}, and the
combined weight vector is given in the following equation.

W=t WiT (19)
Comprehensive ability rating for sustainable development.
SDG_ES = Zj":lw; X, (20)

In the assessment of sustainable development, there is the
introduction of policies or unexpected events, so that some
indicators show a non-stationary time series, such as the 2019
new crown epidemic caused by the GDP and other indicators will be
mutated in 2020. Using Pettitt and Mann-Kendall mutation test
method (Ren et al,, 2022) to identify the mutation of sustainable
development indicators and calculate the degree of significance, if
the results of the two mutation test methods are more consistent
and significant mutation points are detected, then it is judged as a
mutation point, and the time of mutation is obtained. Then, Mann-
Kendall trend test method was used to analyze the trend of the five
dimensions indicators, and the obtained mutation point was used as
a split point to calculate the trend of the indicators before and after
the split point, and at the same time to calculate whether the change
trend was statistically significant or not.

3.4 Degree of coupling coordination

In the process of urban sustainable development, the coupling
coordination degree is explored through the five first-level indexes
of “innovation, coordination, greenness, openness and sharing”
(Abu-Rayash and Dincer, 2023), to assess whether there is
coordination between the first-level indexes, and to identify the
bottlenecks and problems in the sustainable development of the
city. In the model, CX stands for “innovation”, XT for
“coordination”, LS for “ Green”, KF for “openness” and GX for

» o«

“Sharing”, “GX denotes “sharing”, and the composite index of the
five dimensions can be expressed as follows: CXy), XT ), LZ,), KF
(p)and GX(q)» which have n,;, n,, n3, ny and ns indicators,

respectively, and the formulas are shown below:
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CX(x) = Ein:lanXi (21)

XT(y) = 32 Wayi (22)

LS(z) = Einilwsili (23)

KE(p) = > waip; (24)

GX(q) = > Wsiq; (25)

C- CX(x) x XT(y) x LS(z) x KE(p) ><5 GX(q) (26)

[CX(X)+XT(y)+LSS(z)+KF(p)+GX(q):|

T = a CX(x) + bXT(y) + cLS(z) + dKF(p) + eGX(q) (27)
D=vVCxT (28)

Where: Wi, Wai, Wi, Wi, Ws; are the weights of the five
dimensions represented by the indicators; X\ yi\ zi\ Pin QG
represent the standardized indicator values of the five dimensions;
C is the coupling degree of the five dimensions, the value of C
ranges from 0 to 1, the closer the value of C is to 1, indicating that
the greater the coupling degree among the various systems; the
closer C is to 0, the smaller the coupling between the systems, and
the less the sequence of parameters is in the state of irrelevance and
non-development; T is the degree of development of the five
dimensions, the comprehensive coordination index, and a, b, ¢, d,
e are the weights of the dimensions to meet the requirement that a
+b+c+d+e=1; In this paper, “innovation, coordination, green,
openness and sharing” are equally important for high-quality
development, and a=b=c=d=e=1/5; D is the degree of coupled
coordination, reflecting the coordinated development of the
five dimensions.

3.5 Gray correlation

Using gray correlation (Alshuwaikhat et al., 2023) to analyze the
correlation and importance of each indicator in the five dimensions
of sustainable development in order to identify the key indicators
that affect the development of their dimensions, the specific steps
are as follows:

1. Determine the reference series reflecting the behavioral
characteristics of the system and the comparative series
affecting the behavior of the system.

. Data normalization: normalize the data of the reference
series and the comparative series so that their values are
between 0 and 1.

3. Find the gray correlation coefficient between the reference
and comparison series.

. Determine the formula for correlation: there are various
formulas for calculating the gray correlation, and the
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commonly used formula is:

_ [min(k; g;)]

- [max(k;, g;)] 29

. Where: G is the degree of association and k; and g; are the
normalized values of the reference and comparison series at
time period i, respectively.

. Calculate the correlation: Based on the above formula, the
correlation between the reference series and the
comparison series for each time period is calculated.

. Ranking correlation order: the degree of correlation between
the factors, mainly with the correlation of the size of the
order of description, not only the size of the correlation. For
this reason, according to the comprehensive evaluation value
of each comparative series, to determine the influence
of each factor on the reference series of the order
of magnitude.

4 Result

4.1 Analysis of time-series changes in the
level of sustainable development in
Kunming City

Based on the constructed index system of sustainable
development of plateau lakeside cities, the subjective and
objective combination of game theory’s assigned value method is
used to calculate the changes of the indexes in five dimensions of
Kunming City in the past 10 years, as well as the overall scores of the
implementation of the new development philosophy based on the
calculation of the five dimensions, and the results are shown in
Figure 5 and Table 2.

In terms of the dimensions of change of the five concepts, their
development shows a fluctuating upward trend. The dimension of
“innovation” was 0.0549 in 2010, the lowest value of all dimensions in
the same year, and grew to 0.1193 in 2021, an increase of 0.064, a
growth rate of 117.2%, an average annual growth rate of 9.7%; the
dimension of “coordination” was 0.0774 in 2010, and grew to 0.1152
in 2021, an increase of 0.038, a growth rate of 9.7%; “coordination”
dimension was 0.0774 in 2010, increasing to 0.1152 in 2021, with an
increase of 0.038, a growth rate of 48.8%, and an average annual
growth rate of 10.8%; the “green” dimension was 0.0999 in 2010, the
highest of the five dimensions in that year, and in 2021 it increased to
The “green” dimension was 0.1185 in 2010, the highest of the five
dimensions in that year, and will grow to 0.1185 in 2021, with a
growth rate of 18.6% and only 0.0186, the lowest among the five
dimensions; the “openness” dimension was 0.069 in 2010, and will
grow to 0.122 in 2021, with an increase of 0.053, a growth rate of
77.4%, and an average annual growth rate of 9.9%; The “sharing”
dimension was 0.056 in 2010, growing to 0.136 in 2021, an increase of
0.08, for a total growth rate of 143.4%, or 10.9% per year.

In terms of the overall level of development, it was 0.3569 in
2010 and grew to 0.611 in 2021, an increase of 0.254, a growth rate
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2011
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FIGURE 5
Sustainable development level in Kunming, 2010-2021. In the figure, CX, XT, LS, KF, GX and ZT stand for innovation, coordination, greening,
openness, sharing and overall, respectively, and 2010-2021.

TABLE 2 Time-ordered changes in the level of sustainable development in Kunming, 2010-2021.

Innovation coordination Green Openness Share TotalScore

The label (1) indicates an increase, () indicates a decrease, and (-) indicates no change.
Green for rising state; orange for falling state; purple for flat and unchanged state.
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of 71.2%, showing a rapid development of the level of sustainable
development in Kunming, with an overall fluctuating upward trend.

4.2 Analysis of the coupled harmonization
of sustainable development levels in
Kunming City

In this study, based on the coupling coordination degree model,
by calculating the coupling degree (C) and the comprehensive
coordination index (T) in each year, we finally obtain the
coordinated development state (D) in five dimensions from 2010
to 2021, and classify them into four types, including D&(0,0.3] for
low coordination, D€(0.3,0.5] for medium coordination,
De(0.5,0.8] for high coordination, and D €(0.8,1] for extreme
coordination (Liu C. Y. et al., 2018; Qin et al., 2020), and the results
are shown in Figure 6. From the figure, it can be seen that the level
of coupled and coordinated development in Kunming City was
0.263 in 2010, and grew to 0.349 in 2021, with an increase of 0.086
and a growth rate of 32.7%, which generally shows a shift from a low
degree of coordination (2010 to 2014) to a moderate degree of
coordination (2015 to 2021), but the degree of coordination of
development is still low, with a large potential for development. As
the capital city of the province, Kunming still suffers from the
problems of weak regional comprehensive strength, unbalanced
development of urban and rural areas, low level of urban
construction planning and management, and a single mode of
economic development, which has led to a low degree of
harmonization in the level of sustainable development in Kunming.

4.3 Correlation analysis of sustainable
development in Kunming City

Based on the gray correlation model, the correlation coefficient
and correlation degree of the sustainable development level of
Kunming were calculated. The results are shown in Figure 7.

In terms of the correlation coefficient and the degree of
correlation of the five development philosophies, they all show a

10.3389/fevo0.2023.1291462

high level. Among them, the correlation degree ranges from 0.675 to
0.795, which indicates that the five philosophies can play an
important role in promoting the sustainable development of
Kunming. The trend of the correlation coefficient of “innovation”
dimension shows a “V” shape, with a comprehensive correlation
coefficient of 0.675, ranking fifth among the five development
philosophies, which indicates that the correlation coefficient of
“innovation” dimension is relatively low compared with other
dimensions, but still has an important correlation;The correlation
coefficient of the “coordination” dimension is similar to that of the
“innovation” dimension, with a low correlation coefficient (0.54) in
2014, and its correlation coefficient for 2010-2021 is 0.74, only 0.065
for the “innovation” dimension, ranking fourth among the five
development philosophies;The correlation coefficient of the
“green” dimension shows a trend of “rising - then falling - then
rising”, with relatively ups and downs in its development, with a
peak of 0.877 in 2014, and the correlation coefficient calculated by
synthesizing the coefficients is 0.745, higher than that of the
“innovation” and “coordination” dimensions at 0.07 and 0.005,
ranking third among the five development philosophies; The
correlation coefficient of the “openness” dimension from 200 to
2021 shows a stable trend, with the highest and lowest correlation
coefficients of 1 and 0.623, respectively, and a relatively high value
for the total system, and the correlation coefficient of 2010-2021 is
0.795, which is ranked the first among the five development
philosophies, and is the strongest dimension of relevance among
the five development philosophies; The correlation coefficient value
of the “sharing” dimension is more similar to that of the “openness”
dimension, which also shows a stable and high correlation
coefficient, with the highest and lowest values of 0.926 in 2015
and 0.645 in 2011, respectively, and a correlation coefficient of 0.779
for the period 2010-2021, which ranks second among the five
development philosophies.

In terms of the total correlation development level, the
correlation of the five development philosophies contributes to
“openness (0.795), sharing (0.779), greenness (0.745), coordination
(0.74), and innovation (0.675)” in descending order, and their
correlations are relatively close to each other. This shows that the
five development philosophies are equally important to the level of
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FIGURE 6

Numerical map of coupled harmonization degree of sustainable development in Kunming City.
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sustainable development in Kunming, demonstrating that the new
development philosophy play an important role in promoting the
improvement of the level of sustainable development.

5 Discussion

5.1 Accelerated development of indicators
in each of the five dimensions

Under the goal orientation of the new development philosophy,
sustainable urban development should focus on both “quality” and
“quantity”, and on both overall and individual improvement.
Although the overall sustainable development level of Kunming
increases by 0.258 from 2010 to 2021, the rate of increase is 73.09%.
However, the level and speed of development of the five dimensions
and indicators remain low, with an average annual growth rate of
only 7.42%, which is far from the overall level of development. This
shows that the dimensions of Kunming City are in a state of slow
improvement, and there is a big difference between the overall and
individual development. This shows that the overall sustainable
development of Kunming City and the development of each
dimension have failed to achieve the same level and speed of
development, and that the individual development of the five
dimensions has been neglected while the overall development has
been improved. In the future development approach, we should not
only focus on “quality” and “quantity”, but also on the differences
between the overall and individual development, implement
integrated development policies, and jointly improve the
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development level and speed of the dimensions of “innovation,
coordination, greenness, openness and sharing”.

5.2 Strengthening capacity for coordinated
development among the five dimensions

The new development philosophy requires that attention be
paid not only to the overall level of sustainable development, but
also to the coordinated development between dimensions.
Although the overall sustainable development level of Kunming is
fair (0.611), the level of coordinated development between
dimensions is not satisfactory, and is still at a medium
coordinated level (0.349) by 2021. This reveals that the current
development of Kunming is not in a healthy state of development,
and has not yet achieved coordinated development from the inside
out, focusing only on the improvement of the overall level of
sustainable development and neglecting the integrated
development from the five dimensions. In promoting the
coordinated development of all dimensions in the future,
Kunming needs to promote the coordinated development of the
region in an integrated manner, improve the relevant policy system,
strengthen the innovation capacity of the mechanism and system,
and take the “type of district policy” featuring more refinement and
differentiation as the direction of the development of the regional
policy. This will strengthen the capacity for coordinated
development between the dimensions of “innovation,
coordination, greening, openness and sharing” and realize the
coordinated and sustainable development of Kunming.
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5.3 Attention to the potential threat to
sustainable urban development posed by
“negative growth” indicators

Influences on sustainable urban development include both
“positive growth” and “negative growth” indicators. In order to
promote the sustainable development level of the city, it is necessary
to pay attention to the “positive growth” indicators that drive the
sustainable development level of the region, and at the same time
pay more attention to the potential threats posed by the “negative
growth” indicators. Although the overall sustainable development
level of Kunming shows a stable trend (0.353-0.611) from 2010 to
2021, the potential threat of “negative growth” indicators in regional
development should not be ignored. In the evaluation index system
of sustainable development in Kunming (Table 1), there are a
number of “negative growth” indicators in the dimensions of
“coordination”, “green” and “sharing”. and their weights are
relatively high, for example, the weight of the number of public
officials in corruption, bribery and malfeasance is 0.0138, the weight
of the proportion of people enjoying minimum living standards and
the Engel’s coefficient of urban residents is 0.0119, and the weight of
the registered unemployment rate in urban areas is 0.0117, which
suggests that there are large hidden threats to the level of sustainable
development of Kunming City, and that there are strong hidden
dangers, which will directly affect the development of Kunming
City. Stronger hidden threat, which will directly affect the
sustainable development level of the city. In the future, in order
to improve the level of sustainable development of the city, we
should pay attention to the current “negative growth” indicators in
the sustainable development of the city, formulate and implement
relevant policies to reduce its percentage, lower the development
speed, and avoid the potential threats it brings.

5.4 Further implementation of the new
development philosophy to realize high-
quality leapfrog development

Development is the “master key” to solving all problems.
Looking around the world, the cause of global sustainable
development is facing unprecedented challenges. According to
statistics, for the first time in 32 years, the Human Development
Index has declined for two consecutive years to the 2016 level.
Poverty and hunger are worsening, development inequality
continues to widen, and upgrading the level of sustainable
development is increasingly becoming a top priority for regional
development nowadays. As the center of political, economic,
cultural, and social development in Yunnan Province, Kunming
occupies a central position in the province’s strategic development.
However, regional development still shows a weak foundation for
innovation, unbalanced and insufficient coordination, grim
situation of green development, weak capacity for openness,
synergy and linkage, and uneven sharing, which indicates that
there are still various problems and obstacles to sustainable
development in Kunming. In order to further implement the new
development philosophy and realize high-quality leapfrog
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development, Kunming should firstly implement the innovation-
driven development strategy, strengthen science and technology
open cooperation, actively participate in the global and national
innovation network, focus on the short boards of innovation,
broaden the channels and modes of cooperation, and integrate
the innovation resources in a wider scope, so as to inject new kinetic
energy for the high-quality leapfrog development; Secondly, we will
focus on solving the problem of unbalanced and insufficient
development, enhancing the overall coordination of development,
consolidating and expanding the results of poverty alleviation, and
comprehensively promoting the strategy of rural revitalization;
furthermore, we will insist on taking the road of ecological
priority and green development, improve the quality of the
ecological environment, push forward the protection and
restoration of the ecosystem and ecological environmental
governance, achieve the goal of “double carbon”, and build a
beautiful Kunming where human beings and nature can live in
harmony; in addition, continue to promote a higher level of opening
up to the outside world, accelerate the construction of infrastructure
“hard connectivity” and institutional “soft connectivity”, break
down the barriers between the various elements in the
international circulation system, and promote the construction of
radiation centers facing South Asia and Southeast Asia to make new
progress; Finally, practicing the people-centered development
ideology, we will promote quality sharing of public service
resources in key livelihood areas such as education and medical
care, so that the fruits of reform and development will benefit all
people in a greater and more equitable manner.

6 Conclusion

Based on the new development philosophy and the SDGs, this
study constructs an urban sustainable development assessment
system, and takes Kunming, a plateau lakeside city, as the study
area, to assess the level of sustainable development, the degree of
coupling and coordination, and the degree of relevance of
Kunming, and to illustrate the process of localization and
application of the constructed urban sustainable development
assessment system. It is found that the overall level of sustainable
development in Kunming City is at a medium level and shows a
fluctuating upward trend; the development level of all dimensions is
relatively low, and although all dimensions show an upward trend,
the development speed is slow; The coupling coordination among
the dimensions of sustainable development in Kunming has
experienced a transition from low coordination to medium
coordination and has shown a steady improvement, but the
coordination degree is still at a low level. The degree of
contribution of the five dimensions to the overall level of
sustainable development in Kunming City is, in descending order,
openness, sharing (0.779), greenness (0.745), coordination (0.740)
and innovation (0.675), and the five dimensions have comparable
contributions to the sustainable development of Kunming City.
This study constructs a sustainable development index assessment
system for highland lakeside cities, scientifically and accurately
quantitatively evaluates the level of regional sustainable
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development based on the proposed game-theoretic subjective and
objective combination of empowerment methods, and explores the
degree of coordination and the degree of association of various
dimensions through the coupled coordination and gray correlation
models. The research results provide theoretical support and
methodological paths for how to scientifically and accurately
quantitatively evaluate the effectiveness of promoting the new
development concept in the region, enriching and expanding the
theoretical system of sustainable development, which is of certain
reference significance for promoting the coordinated sustainable
development of the region.
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