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Abstract

:

Sustainable Development Goals (SDGs) target 11.a is a good vision for the coordinated development of the economy, society and environment in urban agglomerations. However, there was an extreme lack of indicators, data or case studies for SDG target 11.a, since it is a vague “process target”, which is not conducive to the implementation of SDG target 11.a. It is important to propose a quantitative, convenient, and local policies relevant method to promote the realization or to test the implementation effects of SDG target 11.a. Combined with socio-economic data and land use data, this study uses the methods of comprehensive evaluation model, coupling and coordination degree, and comparative advantage degree methods to study the pattern evolution, coordination characteristics and advantageous areas of production–living–ecological (PLE) functions in the Guangxi Beibu Gulf Urban Agglomeration (GBG_UA) from 1995 to 2019. The results showed that, (1) considering the spatiotemporal distribution of PLE functions, the study area has a relatively stable ecological function as well as fluctuating production and living functions. Considering the coordination characteristics of PLE functions, high–high and low–low clustering effects were observed, and primary coordination maintained the highest proportion, accounting from 55.26% in 1995 to 71.05% in 2019, indicating the SDG target 11.a level in the GBG_UA was poor. Considering the advantageous areas for PLE functions, the region mostly comprises single-function advantageous areas and a few multifunction advantageous areas, including 20 single-function advantage counties (accounting for 52%), 15 dual-function advantage counties (accounting for 39%), and three multi-function advantage counties (accounting for 7.8%), which indicates the lack of diversified land use structures in this region. (2) Optimization suggestions for the coordinated development and realization of SDG target 11.a for the GBG_UA were provided. Suggestions were made based on the radiation and driving role of Nanning city to guide the coordinated development of surrounding counties (districts). Suggestions were also made to improve the design of the integrated transportation network as well as to optimize allocation according to the resource endowment of land and to realize an upgraded ecology as well as agricultural products and services. (3) The evaluation of PLE functions is a quantitative and convenient method that can optimize national and regional development planning and test the implementation effects of SDG target 11.a. This study offers foundational knowledge for the realization of SDG target 11.a in the GBG_UA and provides a reference for the research and implementation of SDG target 11.a in other regions around the world.
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1. Introduction


The Sustainable Development Goals (SDGs) were first proposed at the 2012 Rio Earth Summit [1]. In total, 193 countries around the world jointly signed “Changing our future: 2030 Agenda for Sustainable Development” in September 2015. The SDGs framework could be regarded as the blueprint that promotes sustainable development of Member States, which commit to the harmony of ecological environment and social economy. They address the global challenges we face, including poverty, inequality, climate change, environmental degradation, peace and justice, and the SDGs have become a global research hotspot in recent years. In July 2017, the United Nations General Assembly adopted the global indicator framework, which included 17 goals, 169 targets and 232 indicators [2], in which Goal 11 proposed to “Make cities inclusive, safe, resilient and sustainable”. Urban agglomerations include urban, peri urban, and rural areas that, are gathering areas for human activities. For example, comprising 29.12% of the national land area, Chinese urban agglomerations concentrate 75.19% of the total population, 80.05% of the GDP, 82.37% of the total social fixed asset investment and 91.19% of the national fiscal revenue [3]. Nevertheless, there are still many problems regarding the development of urban agglomerations, such as rapid economic development, the rapid expansion of urban construction, the crowding out of ecological space, prominent resource and environmental problems, and the deterioration of the human living environment [4,5,6], as such, SDG target 11.a proposed to “Support positive economic, social and environmental links between urban, peri urban and rural areas by strengthening national and regional development planning”, and SDG target 11.a is a good vision for the coordinated development of economy, society, and environment in urban agglomerations [7].



There have been many studies on the goal, targets and indicators of SDG11. For example, in terms of theory, Caprotti et al. discussed important policy and practical opportunities as well as challenges of the new urban agenda [8]; Mccarton et al. explored the key components needed to achieve safe, resilient and sustainable cities and communities in the EU [9]; and Lawanson et al. revealed that paucity of data, weak institutional capacity as well as poor governance strategies are major impediments to mainstreaming SDG11 in Lagos, Nigeria [10]. In terms of indicators and data, Cochran et al. took EnviroAtlas as an example to show and analyze how earth observation indicators can help fill the gaps in SDG monitoring data [11]. Ni et al. constructed an indicator system for the SDG 11.1–11.7 targets in the urban dimensions in China; however, SDG target 11.a−11.c targets were not included [12]. In terms of case studies, Patel took Cape Town as an example to explore the role of urban experimentation in helping cities cope with the data and governance challenges faced in the implementation of SDG 11 [13]. Abubakar et al. assessed the implementation of SDG11 in Nigeria at the national level [14]. However, there is an extreme lack of indicators, data or case studies for SDG target 11.a, which is not conducive to the implementation of SDG target 11.a.



There are two kinds of targets that are included in SDG 11: one kind are the so-called “outcome targets”, which are marked by numbers, e.g., 11.1, 11.2, 11.3, etc., the others are so-called “process targets”, which are marked with letters, e.g., 11.a, 11.b, etc. [15]. The indicators of “outcome targets” are clear and quantifiable, but those of “process targets” are not, they are vague. Klopp and Petretta investigated the relationship between indicators, complexity, and the politics of measuring cities, emphasizing the need to reduce the vagueness of indicators to avoid fuzziness in local implementation [16]. Thus far, only Erblin et al. have developed a set of SDG target 11.a indicators to assess the quality of spatial governance and planning in Europe [15]. However, this method requires many indicators that are difficult to obtain, and this method is based on the European context. Hansson et al. suggested that domestic actors should be allowed to select indicators “that fulfil the criteria of easy measurement or collection, appropriateness, convenience and relevance to current conditions and national and local development policies, priorities and programmes” [17]. As a result, it is urgent to find quantitative, convenient, and local policies relevant evaluation method and case study for SDG target 11.a.



Land is the carrier of all human activities, and land use is multifunctional [18]. Optimizing management options from the perspective of multifunctional land use can promote sustainable land management [19]. In the European project “Sustainability Impact Assessment: Tools for Environmental Social and Effects of Multifunctional Land Use in Europe Regions (SENSOR)”, land-use functions are classified into three main functions: economic, social and environmental functions [20]. In China, it has been proposed that all human land relations are embodied and included in the utilization of production function, living function, and ecological function [21], which are called production–living–ecological (PLE) functions. China wanted to “promote intensive and efficient production space, appropriate living space and beautiful ecological space” in 2012, and further emphasized that policies should “firmly follow the civilized development path of production development, affluent living and good ecology” in 2017. This represents the planning framework for the coordinated development of PLE functions, which means supporting a positive production function (economy), living function (social), and ecological function (environmental) links by land spatial planning at the national, provincial, prefectural, district, and county levels. Therefore, the coordination of PLE functions is consistent with the national and local development policies, and it can be quantitatively evaluated and has strong operability. Therefore, evaluating of PLE functions is of great significance when formulating reasonable local development planning locally, constructing positive economic, social and environmental links and serving SDG target 11.a.



In recent years, great progress has been made in the evaluation of PLE functions. Since pattern evolution can grasp the spatial distribution patterns and development trends of PLE functions, the coordination characteristics reveal the degree of interaction and game process of PLE functions, and advantageous areas show the natural resources and economic social development of each space unit, PLE functions can be comprehensively evaluated by these indicators. The comprehensive evaluation model [18,22,23], coupling and coordination degree [24,25,26] and comparative advantage degree [27] were used to study the function value, pattern evolution, coordination characteristics and advantageous areas of PLE functions, and the results showed that these methods were very effective, which provided a good technical basis for our study. Although PLE functions play an important role in the SDGs, the existing studies on PLE functions are lack of connection with the SDGs, which is not conducive to providing decision-making services for sustainable development.



Overall, the objectives of this research were as follows:




	(1)

	
Propose a quantitative, convenient, and local policies relevant evaluation method for SDG target 11.a based on evaluating of PLE functions.




	(2)

	
Take the Guangxi Beibu Gulf Urban Agglomeration (GBG_UA), which is one of the new urban agglomerations constructed in China as an example, and analyze the pattern evolution, coordination characteristics, and advantageous areas of PLE functions from 1995 to 2019 and offer foundational knowledge for the development planning and realization of SDG11.a.




	(3)

	
Put forward the optimization of the development planning of PLE functions in the GBG_UA and promote the realization of SDG target 11.a locally. At the same time, this study aims to provide a reference for the research and implementation of SDG target 11.a. in other regions around the world.










2. Materials and Methods


2.1. Study Area


The GBG_UA is located between 20°26′ N and 24°02′ N, and between 106°33′ E and 110°53′ E (Figure 1), and is one of the new urban agglomerations in the south of China [28], with 6 prefecture-level cities and 38 counties (districts) being included in the area. The terrain is high in the west, north, and east; inclines in the middle and south; and there are karst mountains in the west. Complex hills and small basins have formed in the middle of continuous mountains, and piedmont plains, river alluvial plains and deltas are formed in the south. The GBG_UA has a large amount of forest land and farmland, so it has a high ecological level and a good agricultural industrial foundation, and it has great potential to provide ecology, agricultural products and services [29]. The development intensity of the GBG_UA is low, and there is a relatively large stock of land resources that can be developed into construction land. Located in the tropical and subtropical zone, the study area is affected by high temperatures, abundant heat, and rich rainfall. The agglomeration is in the largest bay in southern China and ranks first in China for the quality of its ecological environment. It has plenty of ports, a long coastline, and oil and gas, agricultural, forestry, and tourism resources. The region has a flat terrain, a large environmental capacity, and a strong population and economy carrying capacity. The cities in the GBG_UA have profound historical and humanistic origins. In recent years, major planning, resource development and utilization, industrial layout, and public services have been integrated, and the integrated development of the GBG_UA has a solid foundation, strong momentum, and huge potential.




2.2. Data Sources


The data used in this paper mainly include land use maps and socioeconomic data, which are used to establish the evaluation system for the PLE functions in the GBG_UA. The details are as follows. (1) Land Use Data: The land use data for the study area from 1995 to 2019 were derived from remote sensing monitoring data such as Landsat TM/ETM+ and HJ-1A/1B with a spatial resolution 30 m × 30 m. There are six first-class types including farmland, forest land, grassland, water body, impervious and bare areas, and 25 s-class land use types, including forest land, shrub forest, sparse forest land, other forest land and grassland with high, medium, and low coverage in the land use data, and its classification accuracy degree is greater than 90% [30]. The data are from the Resource and Environmental Science and Data Center of Chinese Academy of Sciences (https://www.resdc.cn, accessed on 1 June 2021), the Ministry of Ecology and Environment’s Center for Satellite Application on Ecology and Environment, and the China National Environmental Monitoring Center. (2) Socioeconomic Data: The socioeconomic data for the study area from 1995 to 2019 are mainly derived from the Statistical Yearbook of Guangxi Zhuang Autonomous Region, the Statistical Yearbook of Nanning City, the Statistical Yearbook of Beihai City, the Statistical Yearbook of Qinzhou City, the Statistical Yearbook of Fangchenggang City, the Statistical Yearbook of Chongzuo City, the Statistical Yearbook of Yulin City, and from the socioeconomic statistical communiques of cities and counties. (3) Administrative Division Data: The administrative division data are derived from the National Geomatics Center of China (http://www.ngcc.cn/ngcc, accessed on 1 June 2021).




2.3. Methods


2.3.1. Theoretical Foundation Establishment


SDG target 11.a demands coordinated development of economy, society, and environment, which guarantees human land relations safe and sustainable. All human land relations are embodied and included in the utilization of PLE functions [21]. Production function supports the development of regional industries and provides industrial products, agricultural products, and service products [21,31]. Living function supports residence, consumption, leisure and entertainment [21,31]. Ecological function involves climate regulation, soil conservation, and guaranteeing regional ecological security [21,31]. The interrelations of PLE functions are tradeoffs and synergies [32]. The production function provides economic support for promoting quality of life and maintenance of ecology, the ecological function is the beautiful and healthy foundation for living and production, and the living function supports labor for production. However, the excessive development of living and production function will destroy the ecological environment, and then deteriorate the living function, leading to a vicious circle.



In summary, PLE functions should develop in a coordinated way, specifically, production is efficient and intensive, living is rich and comfortable, and ecology is beautiful and healthy, and achieve SDG target 11.a finally (Figure 2). This study establishes the relationship table of PLE functions coordination levels corresponding to the implementation stage of SDG target 11.a (Table 1).




2.3.2. Building the Evaluation Index System of PLE Functions


The rationality for index system construction is the basis of function evaluation. The principles for index selection include: (a) Typicality and Comparability: there are great differences in the development level of each county in the GBG_UA. When selecting the indices, they should not only be typical, but also comparable. The indices should highlight the differences in the characteristics of PLE functions between each county, so that the evaluation results can be comparable and reflect the differences in the PLE functions of the counties. (b) Operability and Accessibility: As there are many indices that affect the PLE functions, in order to avoid a one-sided pursuit of diversity and comprehensiveness, operable, available and representative indices should be selected.



In this study, 20 indices were selected in terms of land use and socioeconomic types based on the actual use of PLE functions in the GBG_UA. Thus, a function evaluation index system was built for the PLE functions (Table 2).




2.3.3. The Evaluation Model for PLE Functions


There are many methods that can be implemented to measure the weight of indices, such as the analytic hierarchy process, expert scoring method and other subjective weight determination methods [33,34]. Generally, the subjective weight determination method is greatly affected by the subjectivity of the evaluator or consultor and has limitations. The objective weighting law mainly analyzes the importance of the indices in the whole system through the correlation between indices, to determine the weight of the indices, such as through the entropy method and principal component analysis [35,36]. This paper uses the entropy method to measure the weight of the indices.



First, the indices are subject to dimensionless standardization. The entropy method was then used to measure the weight of each index for target layer [37,38]. Finally, a comprehensive evaluation model was used to evaluate the functions at the target layer. Assume that there are m counties under evaluation (including all counties at different times) and n evaluation indices. The matrix formed by the original data is X = (Xij)m×n, where xij is the initial value of the jth index of evaluation object i. The formulas are as follows:


   P  i j   =  {   (   x  i j   − min    x j   )  /  (  max  x j  −  x  i j    )   }   



(1)






   f  i j   =  p  i j   /   ∑   i = 1  n   p  i j    



(2)






   H j  = − k   ∑   i = 1  n   (   f  i j   × ln  f  i j    )   



(3)






   w j  =  e j  /   ∑  j m   e j   



(4)






  V =   ∑   i = 1  m   w j  ×  P  i j    



(5)




where V is the function evaluation value; Pij is the standardized value of the index;    w j    is the weight value of index j;    e j  = 1 −  H j    is the information utility value;    H j    is the information entropy of the index j;    f  i j     is the index weight; Xij is the initial value of the index; and max xj and min xj are the maximum and minimum of the initial value of the index, respectively.




2.3.4. The Coupling and Coordination Levels


The coupling and coordination level model [38] describes the functional synergy and promotional relationships between PLE functions, which can be calculated as follows:


  C =    [     V 1  ×  V 2  ×  V 3     (   V 1  +  V 2   )   (   V 1  +  V 3   )   (   V 2  +  V 3   )     ]     1 3     



(6)







The coupling and coordination levels are mainly used to reflect the interaction among elements and cannot reflect the appropriateness of each element’s ratio. Therefore, the coordination level is required to reflect the coordinated development level of the elements [39]. The formula is as follows:


   T = α    V 1  + β    V 2  + γ  V 3  ,   



(7)






  D =   C T    



(8)




where V1, V2, and V3 are the evaluation values of production function, living function, and ecological function, respectively; and D is the coordination degree, which is the geometric mean of coupling level C and comprehensive development level T. In this research, three types of spaces are considered to be equally important; thus, the three weight coefficients α, β, and γ are equal to one third.




2.3.5. Comparative Advantages


In our study, an index that measured the level of comparative advantages was used to describe the relative advantages [40] that could identify the functions with comparative advantages among the three functions for each area. The formula for calculating the level of comparative advantages is as follows:


  R C  A  i j   =  (   X  i j   /  Y i   )  /  (   X  ω j   /  Y ω   )   



(9)




where Xij represents the jth function value of county i; Yi represents the sum of all function values of county i; Xwj represents the sum of all the jth function values of all of the counties; and Yw represents the sum of all function values of all counties. Agricultural and industrial production functions essentially differ in their land space use. Thus, they are separated from the comprehensive production functions and are calculated separately in this study. A revealed comparative advantage (RCA) value of close to 1 indicates a significant degree of superiority, whereas a RCA value of >1 indicates a comparative advantage. The larger the value, the stronger the advantage. An RCA value of <1 indicates no comparative advantage. Therefore, the smaller the value, the weaker the advantage.






3. Results


3.1. Pattern Evolution of PLE Functions


3.1.1. Production Function Evolution and Analysis


Considering the temporal changes from 1995 to 2019, the production function of Nanning city showed a continuous upward trend, whereas that of the other prefecture-level cities fluctuated up and then down (Figure 3). From 1995 to 2000, the production functions of the six cities in the study area showed an upward trend with gentle growth. From 2000 to 2009, due to the impact of the external economy, the production function of the cities other than Nanning city declined, whereas that of Nanning city showed gentle growth, which indicated the high stability of its production function. From 2009 to 2019, with the exception of Nanning city, whose production function showed gentle growth, the production function of the other cities tended to be stable. This indicates that, as the requirements for high-quality development increased during the 12th and 13th Five-Year Plan periods, as more energy-consuming industries transformed, their industrial functions were not demonstrated any further. Nanning city’s industrial development was mainly based on new industries, such as research technology; thus, its production function continued to grow.



Considering spatial distribution characteristics, the high-value areas with production functions are mainly distributed in Nanning city, which has gradually become the core area for production functions in the GBG_UA (Figure 4). The high- and low-value areas are distributed with diminishing functions toward their outer edges of the urban agglomeration. That is, the areas with a higher functional value are based around middle-value areas, which then gradually become low-value areas. The production function of the areas adjacent to Nanning city is also relatively high. This indicates that Nanning city, which also has a political function as the capital of Guangxi Zhuang Autonomous Region and boasts advanced tertiary industry, excellent research technologies, and a favorable investment environment, has started to demonstrate its capacity to radiate its functions as a central city in the region. The low-value areas are mainly distributed in the northern area of the region. Due to the harsh terrain of the Shanglin, Mashan, and Shangsi counties, most of these areas are hills and mountains that are not suitable for production functions. Additionally, the Mashan and Shanglin counties suffer from poor traffic conditions and have a weak foundation for agricultural and industrial production, which restrict their production functions. This has led to the formation of low-value area clusters.




3.1.2. Living Function Evolution and Analysis


From 1995 to 2019, the living function of the six prefecture-level cities in the study area showed a cross-fluctuation trend featuring an “up–down–stable” pattern (Figure 5). From 1995 to 2000, the living functions of the cities of Nanning, Beihai, Fangchenggang, and Qinzhou showed an upward trend, whereas those of the cities of Yulin and Chongzuo declined. From 2000 to 2005, the living function of the six cities in the Guangxi Beibu Gulf declined slightly. In contrast to the production function, the living function of the other prefecture-level cities, with the exception of Nanning city, improved from 2005 to 2009, during which the guiding role of the living function among all of the functions was improved as production function declined. From 2009 to 2019, the living function in the study area declined slightly and only the cities of Chongzuo and Nanning witnessed a slight improvement. Through a comparison of the changes in the living functions and the evolution of the living space pattern, the living space area continued to grow, but its layout was not optimized, thus leading to a decline in the living function.



Figure 6 shows transitions in several main directions while also considering the evolution of high-value areas with a living function, which were mainly distributed in the urban area of Nanning city in 1995, but that shifted focus along the borders between the cities of Nanning, Qinzhou, and Beihai in 2000, and then extended in a V shape between the cities of Nanning, Beihai, and Yulin in 2005. In 2009, this pattern showed a scattered living space distribution and from 2015 to 2019, there was a slight improvement in the living function. Most of the high-value areas are concentrated in Nanning city and extend toward Beihai city. Overall, the living functions of the Nanning and Beihai cities are much better than they are in the other prefecture-level cities. The counties and districts in the northwestern area of the study area are relatively backward, where their capacity for social and living functions in addition to service levels have yet to be improved, which leads to a low living space quality.




3.1.3. Ecological Function Evolution and Analysis


From 1995 to 2019, the ecological function of the GBG_UA demonstrated small changes and high stability compared with the changes in the production and living functions (Figure 7). From 2009 to 2019, Beihai city, which had a relatively low ecological function, also showed a significant improvement. From 2015 to 2019, the expansion of living and production spaces in Nanning city slightly weakened the city’s ecological function. Considering the land use type of the study area from 1995 to 2019, most of the ecological space in the study area was forest land with a high ecological service value, which always accounted for >50% of the entire land space. Therefore, this region largely enjoyed a relatively stable ecological function.



As shown in Figure 8, in terms of the distribution characteristics of the ecological space function, the high-value areas with an ecological function are mainly distributed in hilly and mountainous areas where there are few human activities, especially in those areas comprising the Hundred Thousand Great Mountains. The spatial distribution characteristics for the ecological function in the study area are highly correlated with the ecological landscape distribution. The main landscapes in the areas covered by forests and waters enjoy a strong ecological function. In relative terms, there is a certain gap between the ecological function of Beihai city and that of the other prefecture-level cities. However, in recent years, Beihai city has become a city with a beautiful and comfortable living environment based on its subtropical coastal tourism resources. Both its ecological environment and function have improved.





3.2. Coordination Characteristics of PLE functions


Drawing on the literature [41,42,43,44,45] and the equal interval method, five coordination levels for the study area were identified: imbalance, primary coordination, intermediate coordination, good coordination, and high-quality coordination. The results of the coupling and coordination levels of the study area for the six periods from 1995 to 2019 were obtained (Figure 9).



Considering spatial distribution (Figure 9), the areas with good coordination were mainly the districts and counties of Nanning city, which were stable throughout the study area. This finding indicates that during the research period, the land that was available for PLE functions in Nanning’s urban area was arranged reasonably, its urban plan was prepared scientifically, and its land use management policies were implemented well. The imbalanced areas gradually spread from north to west and formed a concentrated contiguous area by 2019. The main counties and cities in the imbalanced areas mostly comprised mountainous terrain, which restricted productive areas, such as in Mashan and Shanglin counties, and in emerging economic areas, such as in the Ningming and Dongxing counties, which indicates the impact of the industrial layout on the coordination level of PLE functions. Meanwhile, the original and traditional agricultural foundation could not satisfy the requirements of high-quality production, leading to an imbalance in the PLE functions. The simultaneous growth of high-quality coordination and primary coordination showed that the coordination of PLE functions in the GBG_UA was developing toward two extremes, the rates of high-quality coordination and imbalance were increasing, and primary coordination maintained the highest proportion, accounting from 55.26% in 1995 to 71.05% in 2019 (Figure 10). Only 18.42% of the study area were in good condition in SDG target 11.a, and the rest were in poor condition.




3.3. Advantageous Areas in PLE Functions


To some extent, the complexity of PLE functions shows the potential of the national land space. An administrative unit is called a single-function advantageous area when it has one advantageous function, a dual-function advantageous area when it has two advantageous functions, and a multifunction advantageous area when it has three advantageous functions. According to the calculation results for the spatial function advantages (Table 3), statistics were obtained for the advantageous areas of the GBG_UA and the results are shown in Table 4.



According to Table 4, the land comprising the GBG_UA is dominated by single-function advantageous areas, which account for 52% of the total area. Of these areas, the advantageous areas for production, living, and ecological functions comprised 7.8%, 5.2%, and 39%, respectively. The proportion of advantageous areas with an ecological function was the highest, which indicates the Guangxi Beibu Gulf’s great advantage in terms of its ecological function. There are 15 dual-function advantageous areas, which comprise 39% of the total counties (districts). The multifunction advantageous areas comprised 7.8% of the total counties (districts) and were concentrated in counties and districts dominated by industry and agriculture.



To further explore the spatial distribution of the advantageous functional areas of the GBG_UA, we generated a spatial distribution map (Figure 11). As shown in Figure 10, the advantageous production function areas are significantly adjacent to the advantageous production–living areas and are concentrated in the central part of the study area include the Jiangnan, Liangqing, Yongning, Xingning, Qingxiu, Xixiangtang, Wuming, and Tieshangang districts, and Lingshan county. The administrative units with an advantageous living function include the Yuzhou, Hepu, Yinhai, and Qinnan districts, Beiliu and Pingxiang cities, and Shanglin county, among others. These areas were located in the southeastern part of the study area.



The GBG_UA has many counties and districts with widely distributed advantageous ecological functions. The administrative units with obvious ecological function advantages include the Long’an, Mashan, Shangsi, Pubei, Rongxian, Xingye, Ningming, Longzhou, Daxin, and Tiandeng counties; the Fangcheng, Qinbei, Fumian, and Jiangzhou districts; and the city of Dongxing, with 15 counties being included in total. In addition, a concentrated contiguous ecological area called Shiwan Mountains was formed in the southwestern Guangxi Zhuang Autonomous Region and has obvious ecological function advantages. The advantageous ecological function areas in the GBG_UA comprise a relatively high proportion of the available land space, which indicates the great potential of the study area to provide ecological products and services.





4. Discussion


4.1. The Effectiveness of Our PLE Study


Our study provided a new idea that links the PLE functions coordination with SDG target 11.a. The study of coordinated degree of PLE functions can contribute to the achievement of SDG 1.1.a, which offer useful support for decision makers. In order to achieve SDG target 11.a, on the one hand, decision makers can refer to the coordination degree of PLE functions before planning. On the other hand, decision makers can also use the coordination degree of PLE functions to evaluate the effect of planning implementation afterwards. Although the coordination of PLE functions does not directly calculate the value of SDG target 11.a, their characteristics can reflect a realization of SDG target 11.a (Table 1), helping to reduce the vagueness of SDG target 11.a [1,16]. Our research can help decision makers better understand the coordination of PLE functions and provide them with useful knowledge for SDG target 11.a. Furthermore, research on typical areas of China was carried out by this study according to the international science program of SDGs, the methodology and analytical framework could be easily applied worldwide for supporting the SDG target 11.a and promoting land planning as well as management. This is of great significance for regional development planning and sustainable development in China and is also referential for other countries.



Comparing the evaluation results of PLE functions with the previous research results conducted by Pang et al. and Shen et al. in GBG_UA regions [46,47], it is found that although the evaluation methods or indices are not exactly the same between the studies, the results are highly consistent, such as a relatively higher production function in Nanning and a stable ecological function in the study area. Thus, we believed that the evaluation results of this study are reliable. Compared with previous studies, this study used PLE functions to further evaluate the SDG target 11.a level, so this study is more suitable to consider the implementation of the international plan.



In this research, we have studied production, living and ecological functions, among which ecological functions are related to ecosystem services. Ecosystem services can offer various kinds of benefits for human survival, such as food supply, water conservation, soil conservation, climate regulation and biodiversity protection, and are an essential part of sustainability frameworks [48]. The importance of ecosystem services for SDG has been studied and demonstrated [49,50], and ecosystem services were taken to evaluate the implementation effect of SDG. Although the PLE study did not calculate the value of each type of ecosystem services in detail, it assessed the ecological functions, production functions and living functions in a macro perspective, involving the win–win development of human social system and natural system in a broader perspective.




4.2. Suggestions for the Optimization of PLE Functions


From 1995 to 2019, the number of high-quality coordination counties belonging to urban agglomeration increased (from 0 to 7), and the number of imbalance counties also increased (from 1 to 2), which shows that the coordination of the PLE functions presents a polarized development in the GBG_UA. Primary coordination maintained the highest proportion, accounting from 55.26% in 1995 to 71.05% in 2019, indicating the achievement of SDG target 11.a in the GBG_UA was poor. The transportation, industry, and social services of the GBG_UA should be planned in a unified way, taking advantage of the expansion trend of Nanning city [51], a high-quality coordinated city; emphasizing the driving and radiating role of Nanning city; and affecting the surrounding counties (districts) with good coordination or intermediate coordination to realize high-quality coordination. As for the imbalanced areas, such as Tiandeng county and Fumian district, we can see from the functions value and dominant functions that their production and living functions are low and their ecological functions are high. This indicates that a new ecological industrial structure system should be built, and that can deeply tap into the ecological value and benefits of the area to create green ecological products, and to support the coordinated development of the PLE functions.



The main problem in the utilization of land space with production advantageous functions is the contradiction between environmental protection and economic development. Therefore, while promoting the rational utilization of production space and living space, we should also emphasize the protection of the ecological environment and the development of ecological industry. For example, while developing port logistics and fisheries, the Tieshangang district should also pay attention to the protection of mangroves [52], delimit protection zones, and carry out blue carbon action and a carbon sink economy.



For living function advantageous areas, we should emphasize their geographical advantages and further improve the short board of production and ecological functions. We should pay attention to the joint development of the surrounding high production function cities and collaborate with them with the help of the driving role of the surrounding big cities. For example, Chongzuo city, which is located on the main channel of the “Nanning–Langshan–Hanoi–Guangning” economic corridor, the most convenient channel for China to ASEAN, and Yulin city, which comprises the industrial transfer and processing base in eastern China, should be included in the development of co-urbanization and transportation in the GBG_UA, and to strengthen traffic planning.



On the basis of environmental protection, we should emphasize the value of ecology and realize that ecological benefits can be transformed into economic benefits. Further improving the level of ecological utilization, breaking the state of negative protection and realizing the improvement of the production function should be emphasized. The study area has unique geographical conditions and many characteristic and precious species, such as grapefruit in Rong county, wild camellia produced in Shangsi county (which represents 90% of the world’s supply), and chili padi in Tiandeng county, and it is advisable to delimit characteristic functional areas and to provide policy support to create high-quality ecological industries and to realize an ecological back-feeding economy.




4.3. Limitations and Future Work of the Study


There are many indicators affecting PLE functions. This study selects some representative indicators according to previous studies, but there will inevitably be deficiencies. The evaluation index system will continue to be improved in the future. Besides, we will jump out of the restrictions of administrative regions and look for high resolution remote sensing inversion data that can indicate various indicators, to better reflect the details of spatial differences. This paper evaluated PLE functions and SDG target 11.a from 1995 to 2019, but the future trends are unknown. The development scenario simulations can solve this problem [53]. In the future, we will simulate PLE functions and SDG target 11.a under multiple scenarios for the year 2030. Policy makers will be aware of which scenarios can help to realize SDGs, so as to formulate demand-oriented development plans.





5. Conclusions


Based on land use data and socioeconomic statistical data, this study used a comprehensive evaluation model, coupling and coordination degree, and comparative advantage degree to analyze the pattern evolution, coordination characteristics and advantageous areas of PLE functions in the GBG_UA from 1995 to 2019. Our study could offer useful support for the related land management agencies, help policy-makers to assess regional procedures toward achieving SDG target 11.a and inform them the coordinated development economy, society, and environment. The main conclusions are as follows:




	(1)

	
When considering the spatiotemporal distribution of PLE functions, the study area has a relatively stable ecological function, a good ecological foundation, and fluctuating production and living functions.




	(2)

	
When considering the coordination characteristics of PLE functions, high–high and low–low clustering effects were observed. The coordination level has developed toward two extremes, and primary coordination maintained the highest proportion, accounting from 55.26% in 1995 to 71.05% in 2019, indicating the achievement of SDG target 11.a in the GBG_UA was low.




	(3)

	
Considering the advantageous areas for PLE functions, the region mostly comprises single-function advantageous areas and a few the multifunction advantageous areas, including 20 single-function advantage counties (districts), 15 dual-function advantage counties (districts), and three multi-function advantage counties (districts), which indicates the lack of diversified land use structures in this region and that development planning should be formulated in combination with the local functional advantages.
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Figure 1. The land cover of the Guangxi Beibu Gulf urban agglomeration. 
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Figure 2. Schematic diagram of research ideas. 
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Figure 3. Changing production function trends in the Guangxi Beibu Gulf urban agglomeration from 1995 to 2019. 
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Figure 4. Production function evaluation results in the Guangxi Beibu Gulf urban agglomeration from 1995 to 2019. 
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Figure 5. Changing living function trends in the Guangxi Beibu Gulf urban agglomeration from 1995–2019. 
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Figure 6. Living function evaluation results in the Guangxi Beibu Gulf urban agglomeration from 1995 to 2019. 
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Figure 7. Changing ecological function trends in the Guangxi Beibu Gulf urban agglomeration from 1995 to 2019. 
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Figure 8. Ecological function evaluation results in the Guangxi Beibu Gulf urban agglomeration from 1995 to 2019. 
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Figure 9. Distribution of land coordination level in the Guangxi Beibu Gulf urban agglomeration from 1995 to 2019. 
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Figure 10. County statistics of land coordination level in the Guangxi Beibu Gulf urban agglomeration from 1995 to 2019. 
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Figure 11. Distribution of land function advantage areas in the Guangxi Beibu Gulf urban agglomeration. 
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Table 1. Link between PLE functions coordination and SDG target 11.a.
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	Coordination Level of PLE Functions
	SDG Target 11.a Characteristic





	Imbalance
	Extremely poor production, or the over development of production function has led to the serious extrusion of other functions, such as poor living conditions or serious ecological pollution.



	Primary Coordination
	Production has initially developed, life has gradually improved, or the ecology is fragile.



	Intermediate Coordination
	Gradually transformed into an intensive and efficient production mode, and began to pay attention to repair the ecological problems caused by production or living activities.



	Good Coordination
	Production developed and ecological restoration has achieved good results, and the overall living environment has been greatly improved.



	High-quality Coordination
	PLE functions promote each other, there is a positive link betweem PLE functions, and they realize the orderly sustainable development of urban agglomerations.
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Table 2. Evaluation index system for the production–ecological–living spaces functions in the Guangxi Beibu Gulf urban agglomeration.
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Target Layer

	
Guideline Layer

	
Index Layer (Unit)

	
Weight






	
Production function

	
Economic development

	
Regional GDP (CNY ten thousand)

	
0.0932




	
Fiscal revenue (CNY ten thousand)

	
0.0758




	
Total fixed investment (CNY ten thousand)

	
0.0937




	
Percentages of the output value of secondary and tertiary industries (%)

	
0.1034




	
Agricultural production

	
Output values of agriculture, forestry, animal husbandry and fishery (CNY ten thousand)

	
0.1227




	
Cultivated land area (km2)

	
0.1236




	
Grain output (tons)

	
0.0745




	
Industrial production

	
Industrial and mining production space area (km2)

	
0.1102




	
Total output value of industries above designated scale (CNY ten thousand)

	
0.0997




	
Number of designated-scale industrial and mining enterprises (EA)

	
0.1031




	
Living function

	
Living carrying

	
GDP per capita (CNY per person)

	
0.1598




	
Total retail sales of consumer goods per capita (CNY per person)

	
0.1515




	
Residents’ saving balance per capita (CNY per person)

	
0.1490




	
Living service

	
Living space area (km2)

	
0.1571




	
Urbanization rate (%)

	
0.1083




	
Number of schools (EA)

	
0.1463




	
Number of medical beds (EA)

	
0.1280




	
Ecological function

	
Ecological supply

	
Ecological space area (km2)

	
0.1712




	
Forest coverage rate (%)

	
0.1793




	
Percentage of waters area (%)

	
0.1721




	
Ecological maintenance

	
Proportion of days with excellent air quality (%)

	
0.1625




	
Water quality compliance rate (%)

	
0.1691




	
Harmless treatment rate of domestic waste (%)

	
0.1458








Note: The space area indices in relation to the PLE functions described in the table are derived from land use types (where the living space area includes urban living spaces and rural residential land area, whereas the ecological space area covers forest land, grassland, and water body). Other data are calculated based on the statistical yearbooks.
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Table 3. Land function advantage results in the Guangxi Beibu Gulf urban agglomeration.
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	Administrative District
	Agriculture Advantage
	Industry Advantage
	Living Advantage
	Ecological Advantage
	Advantage Type





	Xingning
	1.553
	1.473
	1.011
	0.395
	Production–Living



	Qingxiu
	1.417
	1.387
	1.139
	0.385
	Production–Living



	Jiangnan
	1.591
	1.653
	0.998
	0.297
	Production



	Xixiangtang
	1.493
	1.364
	1.123
	0.363
	Production–Living



	Liangnqing
	1.502
	1.632
	0.851
	0.530
	Production



	Yongning
	1.677
	1.623
	0.944
	0.314
	Production



	Wuming
	1.489
	1.447
	1.011
	0.450
	Production–Living



	Longan
	0.841
	0.798
	0.638
	1.603
	Ecological



	Mashan
	0.835
	0.466
	0.497
	1.921
	Ecological



	Shanglin
	0.563
	0.281
	1.144
	1.475
	Living–Ecological



	Binyang
	1.085
	0.755
	0.965
	1.099
	Production–Ecological



	Hengzhou
	1.143
	0.751
	1.007
	1.016
	Production–Living–Ecological



	Haicheng
	0.233
	1.005
	2.110
	0.278
	Production–Living



	Yinhai
	0.336
	0.491
	1.434
	1.204
	Living–Ecological



	Tieshangang
	0.210
	1.020
	1.792
	0.638
	Production–Living



	Hepu
	0.685
	0.615
	1.383
	0.970
	Living



	Gangkou
	0.088
	1.503
	1.090
	1.265
	Production–Living–Ecological



	Fangcheng
	0.482
	0.649
	0.551
	2.008
	Ecological



	Shagnsi
	0.596
	0.280
	0.549
	2.111
	Ecological



	Dongxing
	0.265
	0.487
	0.738
	2.022
	Ecological



	Qinnan
	0.418
	1.361
	0.972
	1.245
	Living–Ecological



	Qinbei
	0.511
	0.890
	1.183
	1.175
	Ecological



	Lingshan
	1.012
	0.657
	1.234
	0.897
	Production–Living



	Pubei
	0.758
	0.641
	0.843
	1.506
	Ecological



	Yuzhou
	0.414
	0.708
	1.624
	0.839
	Living



	Fumian
	0.847
	0.584
	0.527
	1.823
	Ecological



	Rongxian
	0.653
	0.567
	0.926
	1.519
	Ecological



	Luchuan
	0.922
	1.047
	1.018
	1.010
	Production–Living–Ecological



	Bobai
	1.011
	0.590
	0.986
	1.205
	Production–Ecological



	Xingye
	0.768
	0.663
	0.932
	1.390
	Ecological



	Beiliu
	0.748
	0.758
	1.111
	1.160
	Living–Ecological



	Jiangzhou
	0.925
	0.845
	0.731
	1.421
	Ecological



	Fusui
	0.967
	1.199
	0.812
	1.134
	Production–Ecological



	Ningming
	0.873
	0.406
	0.497
	1.925
	Ecological



	Longzhou
	0.673
	0.400
	0.607
	1.938
	Ecological



	Daxin
	0.815
	0.337
	0.587
	1.896
	Ecological



	Tiandeng
	0.860
	0.094
	0.408
	2.181
	Ecological



	Pingxiang
	0.217
	0.338
	1.028
	1.805
	Living–Ecological







Note: Agriculture advantage and industry advantage represent production advantage.
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Table 4. Statistical table for the number of land function advantage areas in the Guangxi Beibu Gulf Urban agglomeration.






Table 4. Statistical table for the number of land function advantage areas in the Guangxi Beibu Gulf Urban agglomeration.





	Advantage Type
	Number of Administrative District
	Name of Administrative District





	Production
	3
	Jiangnan, Liangqing, Yongning



	Living
	2
	Yuzhou, Hepu



	Ecological
	15
	Longan, Mashan, Fangcheng, Shangsi, Dongxing, Qinbei, Pubei, Fumian, Rongxian, Xingye, Jiangzhou, Ningming, Longzhou, Daxin, Tiandeng



	Production–Living
	7
	Xingning, Qingxiu, Xixiangtang, Wuming, Tieshangang, Lingshan, Haicheng



	Production–Ecological
	3
	Fusui, Binyang, Bobai



	Living–Ecological
	5
	Beiliu, Shanglin, Yinhai, Qinnan, Pingxiang



	Production–Living–Ecological
	3
	Hengzhou, Gangkou, Lunchuan
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