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Abstract: The 18th National Congress of the Communist Party of China put forward the optimization
of territorial space development patterns as the primary measure of ecological civilization construc-
tion, and put forward the goal of “promoting intensive and efficient production space, livable and
moderate living space, and beautiful (picturesque scenery) ecological space”. Through literature
research and summing induction, this paper combs the research progress of the overall optimization
of “Production–Living–Ecological” space (PLES) systematically. It is found that the existing work
mainly focuses on the overall optimization of PLES from the perspectives of land-use quality, land-use
suitability evaluation, resource and environmental carrying capacity, and comparative advantages.
However, due to the lack of understanding of the scientific connotation of PLES, and the imperfect
construction of quantitative identification methods and classification system, there are many prob-
lems in the technical approaches of the overall optimization of PLES, which remain to be clarified.
In the future, the technological approach to the overall optimization of PLES should be guided by
the vision of building a beautiful China, with the theory of a human–Earth coupling system as the
core, and systematically build a theoretical system and technical framework to identify and optimize
territorial space.

Keywords: Production–Living–Ecological space; overall optimization; beautiful China; ecological civilization

1. Introduction

Since China’s reform and opening up, with the acceleration of industrialization, large-
scale land resources have been continuously developed. Urban construction land is also
faced with environmental problems, such as occupying ecological space, air pollution, water
pollution, and ecological imbalance. How to coordinate social and economic development
with ecological and environmental protection has become the core issue of sustainable
development research in China. At the 18th National Congress of the Communist Party,
the five-sphere integrated strategy of giving prominence to ecological progress was put
forward from an overall and strategic perspective. At the same time, it pointed out that
optimizing the spatial development pattern of the national territory should be taken as
the primary measure of ecological civilization construction, so as to promote intensive and
efficient production space, livable and appropriate living space, and beautiful (picturesque
scenery) ecological space [1–3].The “Production–Living–Ecological” space (production
space, living space, and ecological space, PLES), as the main body of the spatial pattern
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optimization, has become an important foundation for the planning and implementation
of functional zones at all levels, the establishment of the spatial planning system, and
the improvement of the system for the development and protection of territorial space.
At the third Plenary Session of the 18th CPC Central Committee in November 2013, a
number of major issues concerning comprehensively deepening reform were discussed in
depth, and the Decision of the CPC Central Committee on Some Major Issues Concerning
Comprehensively Deepening Reform was adopted. The decision calls for accelerating the
construction of an ecological civilization system, establishing a spatial planning system,
delimiting the limits of space development control, and implementing use control. In May
2019, the Opinions of the CPC Central Committee and the State Council on Establishing
a Territorial Space Planning System and Supervising its Implementation identified the
main objectives of territorial space planning, which included that “By 2035, China will
comprehensively modernize its governance system and capacity of land and space, and
basically form the national space pattern featuring intensive and efficient production
space, livable and appropriate living space, beautiful ecological space, secure, harmonious,
competitive and sustainable.”

PLES basically covers the space activity scope of human social life, and is the ba-
sic carrier of human economic and social development. The three are independent and
inter-related, with a symbiotic integration and restriction effect. The synergistic effect of
“Production–Living–Ecological” (PLE) will be greater than the sum of its parts [4]. Coordi-
nating the spatial function and land-use structure under the linkage of PLES; promoting the
coordinated development of the quantity structure and spatial layout of PLES; and taking
into account factors such as population distribution, economic development, territorial
space utilization, and ecological and environmental protection to improve the layout of
PLES in a scientific and reasonable way is the key measure to promote the building of a
beautiful China, and accelerate the transformation of the way of production and living to
“green” under the overall layout of the national ecological civilization construction [5]. It
is also an important means to promote high-quality development and quality of life with
the center of people, which is both necessary in reality, and urgent of the times. Since the
report of the 18th CPC National Congress first clarified the development requirements
of PLES from the height of national strategy, PLES has become the practice subject and
research focus of territorial space planning and urban planning [6]. At present, the relevant
theoretical research and local practice of PLES are still in the exploratory stage [7]. Related
research and work mostly focused on the formulation of policies and management methods,
or the evaluation and analysis of a single “space”, such as demarcating the red line for
basic farmland protection, the red line for ecological protection, and the boundary of urban
development. These studies lack comprehensive and integrated studies of PLES in the
whole domain, and lack systematic and comprehensive technical ideas and application
practices of overall optimization of PLES.

Based on the classification, identification, evaluation, and optimization of PLES as
the theme, through filtering and sorting the published literature since 2012 (the 18th CPC
National Congress), the optimization theory, method, and practice of PLES was combed
systematically, which oriented the national spatial planning. In order to provide theoretical
support for the optimization of territorial space development, protection, and planning,
this study also tries to put forward the development direction of the overall optimization
of PLES in the future.

2. Connotation and Development of PLES
2.1. Definition of PLES

As early as 1984, some scholars in China put forward the dialectical relationship of PLE
in the process of material exchange between human beings and nature [8]. Subsequently,
the concept of PLE began to appear in research on sociology and ecology, and it was
not until 2002 that PLE was gradually applied to research on geography [9]. At that
time, research was guided only by the literal meaning of PLE, rather than the core of the
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research, and did not give further explanations for its scientific connotations. Different
scholars have discussed the definition of the basic connotation of PLES from different
perspectives. Some scholars started from the top-level design of national planning and
correlated PLES with main function zoning. These authors argued that ecological space
mainly has ecological functions, accumulates ecological capital, and relates to the functions
of production and living; production space focuses on the accumulation of production
capital, and relates to living functions, which is equivalent to the key development zone
and optimized development zone in the main functional area of the country; and living
space mainly plays the service function of living, accumulates living capital, and gives
play to the functions of both production and ecology. This understanding is equivalent
to restricted development zones in the national main function area [10]. However, main
function zoning is only stipulated at the national and provincial levels, whereas the basic
evaluation unit is the county administrative region, which is unable to control smaller
spatial areas, and lacks overall planning capabilities [11].

Wu [12] was the first to clearly define PLES from the perspective of the PLE function.
He argued that ecological space refers to an area featuring important ecological functions,
with ecological products and services as its main function; production space is an area
with the main function of providing industrial products, agricultural products, and service
products, primarily including industrial and mining construction space and agricultural
production space; and living space is a region that provides the main function of human
habitation and public activity, primarily including the urban and town settlement space
and rural living space. Together, the three dimensions of production, living, and ecology
constitute the whole national space. Zhu [13,14] enriched the above definition while also
emphasizing the dominant function of land-use, arguing that production space is mainly
used for production and operation activities. Living space provides places for people to live,
consume, and engage in recreation, whereas ecological space is the sum of the environment
needed or occupied by a species in a macroscopic stable state, and provides ecological
products necessary for human beings.

Territorial space is a complex geographical system, and includes land, water, mineral
resources, ecology, social economy, and other different resource elements; moreover, there
are extremely complex interactions among the elements [15]. From this perspective, PLES
covers biophysical processes; direct and indirect production; as well as spiritual, cultural,
leisure, and aesthetic needs, and represents the product of the synergy and coupling of
multiple systems of nature, society, and economy [16–18]. Among them, ecological space
is the foundation that enables production space and living space to realize their own
functions, and is key to coordinating the relationship between humans and land, and
achieving regional sustainable development [19,20].

2.2. Classification of PLES

There are two types of studies on the classification of PLES. One type classifies different
land uses based on the single functions of production space, living space, and ecological
space. For example, Hu [21] and others established a classification system for PLES at the
scales of urban and rural regions and urban built-up areas by referring to the Standard of
Urban Land Classification and Planning and Construction Land. According to the dominant
function of a single land category, Ma [22] proposed a one-to-one correspondence between
the secondary land-use types and PLES, and conducted a classification study on PLES. This
classification method simplified the complex relationship between these three spaces, but
ignored the complex multiple functions of land. For example, arable land (paddy field
and dry land) was uniformly divided into production space, but its ecological function
characteristics were not fully considered. The other classification method is mainly based
on the multiple functions of land-use. This method extends the function of PLE, lists the
land by each separate compound function type, and classifies the land according to the
land-use standard on this basis [23]. Starting from the main function of land, and taking
other functions into account, Zhang et al. [24] incorporated the concept of ecological land,
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and constructed a classification system of Production–Living–Ecological land (PLEL) use
at a national scale to coordinate the space of PLE land. This method compensates for
the shortcoming that land ecological function is not sufficiently considered in land-use
classification, and realizes the connection between land function classification, land-use
classification, and urban land classification. Thus, this method is widely used in production
practice and scientific research related to land function regulations, ecological political
achievement assessments, and ecological environmental effects [25–27]. In addition, based
on the theoretical connotations of PLEL, Liu et al. [28] analyzed the dialectical relationship
between land-use functions and land-use types from the perspective of the complexity of
the land PLE multifunctional complex, and constructed a classification standard system for
PLEL according to the national classification standard of land-use status. To some extent,
this classification method also reflects that PLES is, in essence, a result of the evolution and
regional differentiation of the human–Earth relationship system.

Existing research on the identification of mainstream PLES methods can be divided
into research using the merge classification method and the quantitative measurement
method. The former involves qualitative research, which mainly merges and classifies
land-use data based on yearbook data, national land surveys, and remote-sensing image
data to identify PLES [29–33]. This method facilitates the connection between land-use
function and classification standards, and compensates for the deficiency of ecological
functions in land-use classification to some extent. Thus, this method has been widely used
in practical fields [34–36]. However, this method produces errors in the recognition results,
as it ignores the composite function of space. Moreover, these results will be different under
different classification systems. Most of the latter systems focus on quantitative analysis,
and mainly use the calculation function group of the spatial function value to establish
a measurement system for land-use function, and identify PLES through a quantitative
measure of the leading function of land-use [37]. For example, Li et al. [16] integrated
the calculation function group of spatial function value based on ecosystem-service value
assessment, and quantitatively identified the PLE functions of different value quantities, as
well as the distribution of dominant function space. By processing and analyzing POI data,
Cao et al. [38] identified, in more detail, the dominant function of land-use at a micro scale,
and then, differentiated and delineated the PLES with single and mixed functions in the city.
The advantage of the quantitative measurement method is that it can accurately identify
the dominant function of PLES. However, it remains difficult to carry out multi-subject
integration and multi-scale integrated expression using this method. Moreover, this method
is difficult to apply in practice.

3. Research Progress on the Overall Optimization of PLES
3.1. Theoretical Basis for Overall Optimization of the PLES

The goal of PLES optimization is to achieve a “win–win” PLE situation, which is the
key to ecological civilization construction [39]. Achieving a win–win PLE situation is the
basic principle of environmental management put forward by Ye [40], based on China’s
basic situation. The core idea of this principle is that environmental governance should
not involve disruptive, passive, or excessive governance, or damage the economy. Tian
Daqing et al. argued that a win–win PLE situation should not only be the goal criterion of
sustainable development, but also the behavioral judgment criterion of sustainable develop-
ment. Based on this concept, Gao [41] constructed an evaluation system for comprehensive
management of the water environment in small watersheds, and endowed this system with
the scientific connotation of a win–win PLE situation.

The optimization of PLES should be based on the carrying capacity of resources and
the environment, and be carried out in accordance with the principle of balance between
the population, resources, and the environment, in order to coordinate the development of
the land-use structure and scale of PLES [7]. Scientific evaluation of the carrying capacity
of resources and the environment, and the suitability of territorial space development,
are key to scientifically develop a PLES [42]. Therefore, in order to achieve the goal of a
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win–win PLE situation, the overall optimization of PLES should be supported by regional
sustainable development theory, human–Earth system coupling theory, system science
theory, spatial equilibrium theory, and community theory.

3.1.1. Theory of Sustainable Development

The theory of sustainable development refers to development that meets the needs of
the present without jeopardizing the ability of future generations to also meet their own
needs. Sustainable development includes common development, coordinated development,
fair development, efficient development, and multidimensional development; the core
theories of sustainable development are the theory of sustainable utilization of resources,
externality theory, and three production theories [43,44]. In PLES, the intensive and efficient
production space emphasizes improving the intensive utilization level and output efficiency
of production space, that is, the economic goal; appropriate living space refers to improving
the quality of life and livable level of residents, that is, the environmental goal; the beautiful
ecological space attaches importance to improving the ecological service function and the
quality of ecological environment, that is, the environmental goal; the overall planning of
PLES is the optimization goal of coordinating different functional spaces to maximize the
comprehensive benefits of the economy, society, and environment. Therefore, the overall
planning and optimization of PLES is an important practical way for the goal of a “beautiful
China” and China’s SDGs. To meet the strategic needs of territorial space optimization,
the coordinated optimization and overall development of PLES should be guided by the
sustainable development concept of “people-oriented” development to develop scientific
cognitive methods, and clarify the basic logic problems relevant to the situation.

3.1.2. Human–Earth System Coupling Theory

The human–Earth system is a dynamic, open, large, and complex system composed
of subsystems related to population, resources, ecology, the environment, the economy,
and society. Each subsystem has a relationship of mutual influence, mutual promotion,
and restrictions. Furthermore, there are frequent exchanges of personnel, materials, en-
ergy, capital, technology, and information inside and outside the system, and the complex
feedback structure inside the system presents obvious non-linear and dissipative character-
istics [45,46]. Human–Earth coupling refers to the dynamic correlation between humanity
and nature through the interactions and complex feedback mechanisms between human
economic and social activities, resources, ecology, and the environment [47,48]. The human–
Earth coupling system emphasizes the multi-dimensional coupling in organization, space,
and time. Through the complex interaction between one element and many elements, as
well as the interaction and coupling between many elements, this system embodies the
characteristics of comprehensiveness, complexity, and nonlinearity at a high level [49,50].
Optimization of the human–Earth system refers to the reasonable combination and match-
ing of sub-systems and components of the regional human–Earth system in the space–time
process [51]. The PLES system involves different resource elements and their combinations,
such as water resources, land resources, and energy resources. These elements have ex-
tremely complicated mutually influential relationships. The overall optimization of PLES
should take the human–Earth coupling theory as its core, and effectively measure the
nonlinear effects among the subsystems and elements in the system; scientifically clarify
the ordered structure of matter, energy, and information in the system; and emphasize the
multi-dimensional coupling in organization, space, and time.

3.1.3. System Science Theory

According to the perspective of system theory, a system refers to an agglomeration of
many elements with specific functions and organic connections [52]. From this perspective,
“space” is the collection of all material flow, energy flow, and information flow generated
by the interaction between man and nature, including natural resource elements (water
resources, land resources, energy, etc.), the artificial environment, and other material space.
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“Space” also includes attribute space, which is formed from changes to the distribution,
structure, and function characteristics of material space, along with the formation and
development of technology and information [53]. Territorial space is a large, dynamic,
complex system involving the interaction of multiple factors. Territorial space is a dynamic,
multi-dimensional, and complex human–Earth relationship space–time system developed
along the time axis under the participation of human activities, with time–space–human is
its core element [54]. According to the theory of “element–structure–function” in system
theory, system structure is the foundation of system–function realization. However, the
system structure depends on the organizational form and action mode of the system
elements. Only by systematically splitting the territorial space structure, and analyzing the
interactions between space and function, can we model comprehensive zoning, and explain
the geographical decision mechanism of territorial space optimization using a quantitative
decision analysis model [55].

In terms of the “territorial space” system, the research topics cover land resources,
water resources, mineral resources, the ecological environment, economic and social devel-
opment, and other multi-dimensional and multifaceted factors. Only the comprehensive
integration and overall optimization of these spatial elements can maximize the PLE func-
tions, and achieve the ultimate goal of the optimal allocation of territorial space [11,56–58].
Therefore, the identification of key elements is the basis of structural optimization and
functional realization. As the main carrier of future spatial planning, land resources rep-
resent the core of PLES optimization. The optimization of PLES is driven and guided by
optimizing the quantity ratio and spatial allocation of land.

3.1.4. Spatial Equilibrium Theory

Spatial equilibrium is a spatial “Pareto efficiency” state based on the coordination of
the population, economy, resources, and environment [59]. State equilibrium considers
not only economic development (that is, the development of production space), but also
the development of living space and ecological space, as well as the spatial allocation of
land resources in the region. On the one hand, the balanced development of PLES should
optimize the allocation of various elements; give full play to the potential and advantages of
various spaces; and, at the same time, make the social, economic, resource, environmental,
and other elements harmonious and orderly, in order to maximize the overall benefits.

3.1.5. Community Theory

The concept of “community” emerges from Aristotle’s definition of the relationship
between a combination of various elements to achieve a common “good”. With the rapid
development of urbanization, community has yielded the concept of “union” for each
region, which not only corresponds to the combination of people in regional space, but also
refers to the community at different levels [60]. In addition, the idea of a community with a
shared future for humans means that, on the whole, humans have become an increasingly
close community in the era of globalization and information. Only by establishing the
central position of a community with a shared future for mankind can we truly grasp the
essence and future of the world. The essence of territorial space optimization is pursuing
the sustainable development of PLES, and represents a systematic project to optimize PLES.
For the community of PLES optimization, the ultimate goals are to realize the optimization
of PLEL; achieve the mutual restriction, adaptation, promotion, and coordination of the
subsystems of ecology, production, and living; and achieve a benign impact in a win–win
PLES situation [61–63].

3.2. Technical Methods for the Overall Optimization of PLES
3.2.1. Spatial Optimization Based on Territorial Space Utilization Quality

The expression of various functions of territorial space directly reflects the sustain-
ability of territorial space utilization, and the utilization quality of these functions reflects
the demand of PLES [64,65]. From the perspective of PLES, it is an important element of
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territorial space planning to evaluate the internal mechanism and coupling coordination de-
gree of territorial space utilization quality development. This task can realize the balanced
development of regional PLES, and promote the coordination and coupling of economic
and social resources, and the ecological environment [66–68]. Li et al. [69] took the uti-
lization quality of PLES as an assessment index, evaluated the utilization quality index
of PLES in different provinces, and coordinated construction of the land-use mechanism
of “population–land–industry” as a goal; the authors also proposed countermeasures to
optimize construction land patterns from the perspective of industrial land-use structures.
Zhang [66] constructed an evaluation index system of territorial space utilization quality
from a realistic state of territorial space and the guaranteed function and support ability of
economic development and social harmony. The author evaluated and analyzed the spatio-
temporal differentiation characteristics of utilization quality and the coupling coordination
degree of PLES in combination with the entropy method and comprehensive evaluation
method, providing effective guidance for the rational development and utilization of PLES
in regional land. The concepts and connotations of the utilization quality evaluation of
national territorial space from the perspective of PLES emphasize the comprehensive di-
agnosis and evaluation of the utilization status, efficiency, and guarantees related to the
sustainable development of human society. Using the landscape ecological index and GIS
spatial analysis methods to identify the spatio-temporal competition and game processes
of resource elements (with land as the core in the same spatial location), and carrying out
the optimal allocation of PLES, also represent important means of spatial optimization in
the early stage. For example, with the goal of minimizing land-use conflict and maximizing
industrial suitability, Zhang et al. [70] proposed a spatial allocation scheme of industrial
land based on the conflict identification of PLES by evaluating the conflict level of PLES
and the suitability of industrial production space. With the help of the landscape ecological
index method, Lin et al. [71] constructed a spatial conflict index, measured the conflict
level of regional PLES, and constructed a spatial allocation model based on multi-objective
constraints and scenario setting, thereby realizing the optimization and simulation of a
spatial layout for PLEL. However, the conflict of PLES covers many aspects such as society,
economy, and ecology [72,73], and is a result of the comprehensive effect of the regional
human–Earth relationship system. It can only judge the rationality of the distribution
pattern and coordination of the utilization quality using the theory of land-use function
and landscape ecological patterns, and requires further verification and improvement.

3.2.2. Spatial Optimization Based on Suitability Evaluation

The suitability evaluation of PLES is an important basis for optimizing the quantity
ratio and spatial layout of PLES. Here, suitability is defined as the suitability of land for
PLE functions in a specific area under specific conditions, and focuses on comprehensive
consideration of territorial space development, protection, and spatial carrying capacity [6].
Research on the optimization of PLES based on suitability evaluation can be roughly
divided into two types. One type involves the comprehensive evaluation of multi-element
superposition based on spatial superposition analysis. For example, Jin [30] applied the
BP neural network model to evaluate the PLE functions of the standard evaluation units
of territorial space, and completed research on the comprehensive functional zoning of
territorial space based on double-constraint clustering. Starting from the concept of PLES
suitability, Yang [74] used GIS spatial analysis tools to construct an evaluation system for
PLES suitability that integrates natural, cultural, and ecological elements, and employed
spatial superposition to divide the evaluation grades of PLES suitability within the whole
domain. He analyzed the problems existing in the layout of PLES, and proposed an
optimization path for PLES, along with relevant policy suggestions. The second method
involves undertaking suitability evaluations using landscape ecological pattern analysis,
the cumulative resistance model, or the gravity model. For example, by introducing the
competition perspective of PLES, Chen [75] established an evolutionary game model of
PLES, and proposed an optimal decision scheme for the allocation of PLES to optimize
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the allocation of resilient ecological space under the guidance of the action mechanism of
the evolution of ecological space through the competition of PLES. Chen [75] introduced
a competition perspective of “production–ecological space” to optimize the allocation
of national resilience ecological space. Under the guidance of the action mechanism of
ecological space evolution under the competition of PLES, the evolutionary game model
of PLES was established, and an optimal decision scheme of allocation for PLES was
put forward.

3.2.3. Spatial Optimization of Bearing Capacity Based on PLE

PLE capacity refers to the capacity of the ecosystem to provide resources and envi-
ronmental capacity (ecological capacity), the capacity of economic development activities
(productive capacity), and the capacity of social development under certain living stan-
dards (living capacity) [76]. Among them, ecological-space-bearing capacity refers to the
bearing capacity of regional water and soil energy resources to production space and living
space, as well as the strength of system elasticity and self-repair ability; production space
bearing capacity refers to the intensity and scale of economic activities that can be achieved
by the existing economic and technological level within the elastic limits of the system
itself; and living-space bearing capacity refers to the bearing capacity of natural conditions,
infrastructure, public transportation, medical and health care, culture and education, and
other resources of a city provided to the population under a certain living standard, which
can reflect the quality of living in a region. Some scholars believe that the essence of PLES
is the dynamic mapping of social, economic, and ecological processes in land-use space,
and that the key to its optimization is the PLE bearing capacity [76]. Wang [77] evaluated
the bearing capacity and development potential of PLES by constructing an evaluation
index system and development potential evaluation index system. He also put forward
suggestions for optimizing the spatial development pattern of national land based on the
evaluation results. Zhou [51] used the state-space method to construct a three-dimensional
state model of PLE, evaluated the bearing capacity of the PLE composite system, detailed
the problems and shortcomings of each research unit in development, and proposed the
direction for spatial layout optimization of the PLE system.

3.2.4. Spatial Optimization Based on Comparative Advantage

The theory of comparative advantage holds that there are differences in resource
endowment between different regions that determine the different efficiency levels in the
utilization of different commodities within those regions. Comparative advantage can be
gained through exchange [78]. The standard Normalized Revealed Comparative Advan-
tage index (NRCA), which is not constrained by time and space, can be used to evaluate
the dominant function of each city, and determine the comparative advantage function of
the city scientifically and effectively [79]. Therefore, under the guidance of PLES function
theory, the spatial pattern of urban agglomeration can be optimized by constructing a
normalized revealed comparative advantage index combined with system clustering and
GIS technology. For example, taking the PLE function as a breakthrough point, Xu [79]
introduced the NRCA based on the comparative advantage theory, determined the dis-
tribution pattern in the dominant functions of land space in the middle reaches of the
Yangtze River urban agglomeration, and put forward a realization path for the optimal
utilization of territorial space; Wei et al. [80] analyzed the land spatial characteristics of
urban agglomerations in the upper reaches of the Yangtze River via the entropy weight
method and function evaluation method from the perspective of the PLE function, and
built a spatial-function comparative-advantage index to explore the optimization path of
the land-space optimization scheme.

The optimization of PLES belongs to the research category working on the optimal
allocation of land and resources, and the optimization of its quantitative structure and
spatial layout is an important part of previous research [6]. From a theoretical perspective,
the related theories of regional resources and environmental carrying capacity, urbanization,
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and ecological environment coupling play a major supporting role. From the perspective of
research methods, the traditional technology for the optimal allocation of land resources is
often used to construct economic models or landscape ecological models for optimizing the
quantity ratio or land allocation in order to realize the optimization of land spatial patterns
based on PLES. Research can, moreover, explore different scales, such as provinces, cities
(urban agglomerations), counties, towns, and villages, covering different areas, such as
cities and villages; and urban–rural ecotones, such as coastal zones, mining reclamation
areas, and island fishing villages [81–84]. However, due to the lack of a unified technical
system for the division of PLES at different scales and for different geographical types,
along with the systematic combing and summarization of concepts for optimizing PLES
patterns, the optimization of PLES requires further research.

4. Optimization Approach for PLES Considering the Vision of “Beautiful China”

Forty years after China’s reform and opening up, China’s land space has basically
formed a relatively stable pattern [14]. The corresponding zoning research work also has a
relatively mature framework of support, which is constantly being enriched and improved
upon. Since 1950, China’s regionalization has entered a widescale developmental period.
However, no in-depth theoretical or methodological support for the zoning work was
provided at this stage. At the same time, due to the limitations of the objective conditions
and basic data, most zoning plans were relatively simple. At the end of the 20th century,
zoning entered an ongoing stage of comprehensive zoning research, during which, many
zoning schemes in China were developed with profound historical backgrounds closely
related to the levels and needs of national economic development in the same period. The
study of regionalization accordingly changed from serving mainly agricultural production
to considering both agricultural production and economic development, and then, serving
sustainable development. However, due to some contents being quite different in regional
division, there is also no institutionalized guarantee for the identification of natural region-
alization, which leads to the fact that it is not really absorbed by the economic construction
planning of local governments, resulting in the failure to combine natural regionalization
with economic regionalization, which entails certain restrictions in supporting regional
sustainable development [85].

Planning for the national main functional area should represent the strategic back-
ground of basic planning in the future. Indeed, as the core means of spatial optimization
at present, territorial spatial planning is an important part of the future national planning
system. Moreover, PLES embodies the Chinese people’s vision for “future” development.
This vision represents the final and most direct spatial carrier for the national strategy to
penetrate into people’s livelihoods, and the ultimate optimization goal of planning imple-
mentation [86]. However, under the current strategic background of ecological civilization
construction, there are many problems in the layout of “main function zones”, “territo-
rial space planning”, and PLES. “Beautiful China” was a major strategic goal proposed
at the 18th National Congress of the CPC, and represents a spatial carrier for realizing
sustainable development of the Chinese nation, and enabling the Chinese people to enjoy
better lives. To achieve the vision of “beautiful China”, the territorial and spatial patterns
in the new era should be scientific and orderly, and remain in line with the processes of
both modern and sustainable development. Based on analyzing the internal relationship
between ecological civilization, beautiful China, and PLES, as well as the scientific connota-
tions of PLES, the overall optimization system of PLES should be guided by the vision of
building a beautiful China supported by the needs of national strategic applications, and
centered on the human–Earth coupling system theory. By comprehensively considering the
multi-dimensional coupling relationships between subsystems of the population, society,
economy, resources, and the environment, as well as various elements within the system, a
large, complex, dynamic, and open geographical system can be formed (Figure 1).
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The overall optimization system of PLES includes the resource subsystem, population
subsystem, social subsystem, economic subsystem, and environmental subsystem. Among
them, the resource subsystem includes land resources, water resources, and energy. As the
main carrier of future spatial planning, land resources are the core of PLES optimization.
From the perspective of function, land resources can be divided into PLES. PLES has
the characteristics of differences in spatial scale, functional complexity, and dynamic
scope. Under different spatial scales and time nodes, the same territorial space can feature
different, or even overlapping, properties of PLES [86]. Living space mainly functions
as living land, providing resource support for population subsystems, and guaranteeing
living needs. Production space mainly functions as production land, providing resource
input for the economic subsystem, and meeting regional production demands. Ecological
space mainly functions as ecological land, which provides ecological environment security
maintenance capabilities for the environmental subsystem. As a compound land with
multiple functions, public resources provide services for the resource supply, management,
substitution, and compensation of social subsystems. In the process of land resource
utilization, the population, society, and economic subsystem are also accompanied by
the utilization of water resources and energy. The utilization of water resources includes
production water for the agricultural and service industries, domestic water for urban and
rural areas, and ecological water. Energy utilization includes production space energy
consumption, living-space energy consumption, and ecological-space energy consumption.
In the resource subsystem, land resources, water resources, and energy are interrelated
through different avenues that, together, constitute the resource basis for the utilization
and development of PLES. The different utilization modes, industrial structures, and
development degrees of PLES determine the intensity of regional carbon emissions caused
by the different quantitative methods of mutual demand between water, soil, and energy
elements [87]. Therefore, constraints such as boundaries, red lines, and standards of land
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resources, water resources, energy, and carbon emissions should be taken into consideration
in the overall optimization system for PLES.

Optimizing the quantitative structure and spatial layout of PLES based on water–land–
energy–carbon constraints solves the problem of the pattern level of PLES. However, this
optimization only reflects the application of the national strategy in territorial space opti-
mization, and does not express people’s demands for high standards of living, production,
and ecological and environmental safety, which would involve solving the qualitative level
of PLES. In the Evaluation Index System and Implementation Plan for the Construction
of a Beautiful China issued by the National Development and Reform Commission on
28 February 2020 [88], 22 indicators in the five categories of fresh air, clean water, safe
soil, good ecology, and clean living were used to evaluate the construction of a beautiful
China. These indicators are a direct reflection of the production environment, ecological
environment, and living environment in the overall optimization system of PLES. Therefore,
the evaluation results for the construction of a beautiful China will directly test the qualities
and benefits of the overall optimization of PLES in order to realize the overall optimization
of PLES under the dual constraints of patterns and benefits.

5. Conclusions and Future Prospects

By analyzing the internal relationship between ecological civilization, beautiful China,
and PLES, as well as the scientific connotations of PLES, this paper systematically orga-
nized the optimization theory, methods, and practices for PLES around territorial spatial
planning, with the overall planning of PLES as the goal, and the promotion of ecological
civilization construction as the starting point. We also proposed an optimization approach
for PLES. Based on the analysis and summary, the main research directions for the overall
optimization of PLES in the future should include the following:

(1) Research on the main regional types and differentiation rules of PLES: This paper
studied the distribution characteristics of the functional spatial patterns of PLES at multiple
scales. In this way, the scale differences and functional complexities of PLES under different
spatial scales were clarified. Moreover, classification and identification systems for PLES
under different scales and different regional types were established.

(2) Analysis and research on the evolution process, structural characteristics, and
development trends of PLES: The dynamic spatial and temporal evolution characteristics
of the structural proportion and spatial scale of PLES were analyzed, including regional
suitability and carrying capacity evaluation, regional differences in space, and development
over time. Moreover, the coupling coordination degree and conflict mechanism in the
evolutionary process of PLES were revealed.

(3) Analysis of the internal nonlinear mechanism for the PLES System: Guided by the
theory of the human–Earth system, we revealed the competition and synergistic interactions
and positive feedback mechanisms between population, resources, ecology, environment,
and economic and social development in the PLES system, and identified the nonlinear
dynamic effects among subsystems and elements in the system.

(4) Analysis of the mechanism for matter and energy transfer in the overall opti-
mization system of PLES: Based on the regional resource metabolism theory and the
geographical patterns of PLES, we deeply analyzed the transfer path, flow process, and
metabolic mechanisms of key elements, such as water, soil, energy, and carbon, in the
co-evolution process of PLES.

(5) Development and application of a simulation model and multi-objective optimiza-
tion model for the overall optimization system of PLES: Studies should make full use
of the research results for the nonlinear dynamic mechanisms, transmission paths, and
flow processes of key elements in the PLES system, and carry out research on overall
optimization strategies and scenario predictions for PLES in different regions, at different
scales, and for different types.

(6) Research, development, and application of the overall optimization and decision
support platform for PLES: A visual support platform was developed with integrated
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functions for data processing, spatio-temporal analysis, scenario simulation, result output,
problem diagnosis, and early warning and control. This platform can help coordinate the
government at all levels, and between different departments and different areas of the target
demand, to facilitate population migration, urban and rural construction and industrial
development, resource development, ecological construction, environmental protection,
infrastructure construction, public services and disaster prevention, and mitigation-system
spatial deployment as components of unified and consensus development goals and plans.
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