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Abstract

:

Production–living–ecological space (PLES) basically covers the scope of spatial activities in people’s material production and spiritual life and is the basic carrier of human social development and economic activities. The coordinated development of PLES is an effective method to mitigate land-use conflicts to achieve balanced and coordinated development of the region. However, so far, compared with the single-scale study based on administrative unit, the PLES conflicts between microcosmic grid-scale receives less attention. Considering the important scale problems of the geographical study, this study aims to analyze the synergetic degree of PLES under different scales (administrative-unit, grid, and integrated multiscale) and to scientifically diagnose land use conflicts in Ningbo, China. Results indicated that production land and ecological land in Ningbo were continuously occupied by human activities from 2010 to 2018. The lowest and lower suitability areas of ecological space in Ningbo increased from 2010 to 2018. Land ecological suitability was seriously affected by urban expansion, its ecological value was reduced, and the PLES developed towards the trend of being uncoordinated. Multiscale coupling analysis showed that the PLES in Ningbo was in less conflict on the whole, but with the development of the economy, the coupling coordination degree of PLES was also damaged. This study establishes the different scales of a PLES coupling coordination development degree evaluation index system and enriches the methods of multiscale land use fusion conflict diagnosis and also provides a scientific reference for the optimized and sustainable development of regional territorial space.
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1. Introduction


1.1. Motivation and Literature Review


Those who utilize land resources, as well as other stakeholders, are now looking for diversified regional development goals, demand of different phases, and land resource multi-suitability, scarcity, etc. All these pursuits together lead to different sorts of land use conflicts, severely restricting the multi-functional use of land [1,2]. Over the past 40 years of reform and opening up, China’s economy has rapidly developed. Especially since the beginning of the 21st century, pressure on resources and the environment caused by population growth and economic development has intensified, and the conflict between humans and land has become increasingly prominent. On the basis of high land expansion and resource consumption, the land-development model overemphasizes economic growth and ignores the overall layout of resources, which leads to great changes in the relationship between humans and land. With the drastic evolution of the land use spatial pattern, the frequency of land use conflict is increasing, and its form and content are more complex and changeable. How we control land use conflict to a manageable proportion has become an important task in the process of land use [3,4]. Land use conflict has a lot to do with the relationship between humans and land. It is a complicated issue involving multiple intertwining factors, such as nature, economy, and society. The only way to manage the conflict zone precisely is to quantitatively identify their functions, and the coupling coordination of land use functions is the point of easing land-use conflict and land resource management. However, because of the complexity and comprehensiveness of land use functions and the different emphasis on the characteristics of the study area (e.g., scale and regional characteristics), there was no unified land use function classification system to scientifically evaluate and diagnose conflict. Production–living–ecological space (PLES), the shortened form for production space (PS), living space (LS), and ecological space (ES), was reclassified considering both land use functions and utilization types [5]. It was formally put forward in the 18th National Congress of the Chinese Communist Party in 2012, and its purpose was to optimize the spatial pattern of land uses by the overall coordination of PS, LS, and ES [6]. PLES basically covers the scope of spatial activities in people’s material production and spiritual life. It is the basic carrier of human social development and economic activities. The three are mutually independent and inter-related; they have a symbiotic fusion and restriction effect [7]. Therefore, starting from exploring the differences in the functions of PLES in different regions, as well as the functional relationship between them, it is an effective method to mitigate land-use conflicts to achieve balanced and coordinated development of the region by probing the shortcomings of regional development and clarifying the characteristics of regional spatial patterns. The available research on the methods of quantitative recognition of spatial conflict mainly includes the comprehensive index model, which calculates the spatial conflict index based on the complexity, fragility, and dynamics of the land use system [8]; the competitiveness evaluation model, which ranks the conflicts of the construction, agriculture, and ecology space by the establishment of a competitiveness evaluation index system based on land suitability and driving force [9]; and the suitability evaluation model, which identifies spatial conflicts by evaluating the suitability of the specific land-use types [10]. This kind of method, combined with the geographic information system (GIS), introduced the multi-criteria spatial decision support system [11,12]. Zou et al. developed the conflict identification and intensity diagnosis by this model on the basis of the suitability evaluation [13]. In addition, many scholars have established the spatial-conflict index to identify land conflicts from the perspective of PLES when the PLES concept was introduced [14,15]. However, so far, compared with the single-scale study based on administrative unit, the PLES conflicts between the microcosmic grid-scale receives less attention. Due to the scale dependence of geographical phenomena [16], the spatiotemporal pattern characteristics vary with the geographical scales; there is an urgent need to establish a multiscale integration model to scientifically diagnose land-use conflicts based on the PLES perspective.




1.2. Objective and Contribution


This study aims to analyze the synergetic degree of PLES under different scales (administrative-unit, grid, and integrated multiscale) and to scientifically diagnose land use conflicts in Ningbo, China by synthesizing an evaluation model of sustainable development, a coupling coordination degree model, and a multiscale mathematical model. This is expected to enrich the methods of multiscale land use fusion conflict diagnosis and provide scientific reference for the optimized and sustainable development of regional territorial space.





2. Materials and Methods


2.1. Study Area


The city of Ningbo is an important port on the southeast coast of China, located in the eastern part of Zhejiang province and the southern wing of the Yangtze River Delta. It is adjacent to Qiantang River and Hangzhou Bay in the north, the city of Shaoxing in the west, the city of Taizhou in the south, and the city of Zhoushan in the east across the sea. The terrain is high in the southwest and low in the northeast, and the height difference is about 1000 m. There are two mountain ranges in the city, Siming Mountain and Tiantai Mountain. Hills and mountains above 50 m account for 57% of the total land area. It is one of the 14 coastal cities opened to the rest of the world, and an important city in the Yangtze River Delta urban agglomeration [17]. The total land area of the city was 9816 km2, the population was approximately 8.5 million, and its GDP was CNY 1240.87 billion in 2020 [18]. Rapid population and economic growth have resulted in high demand for industrial and residential space, leading to unprecedented PLES evolution that poses serious challenges to ecosystems and the natural environment. Regional environmental risk at Ningbo has increased substantially over the past 40 years and will increase over the next several decades with the increasing demands of economic and social development on territorial space resources. The resource bottlenecks and environmental pressure are becoming increasingly prominent, and the contradiction between the supply and demand of land space resources is becoming progressively obvious [19,20,21]. Ningbo has attracted attention from environmentalists, local authorities, and scientists. Therefore, it is urgent and necessary to construct an ecological civilization. For the past 10 years, while the PS and LS in Ningbo have been expanding, the ES has been shrinking, and PLES contradictions in Ningbo are prominent. How to coordinate the relationship between development, livability, and protection; improve the coordinated development level of PLES in function; and promote the coordinated and sustainable development of the economy, society, and ecology are major issues for the development of Ningbo.




2.2. Research Framework


Based on the characteristics of geographical scale dependence, this study was undertaken to diagnose PLES conflicts from two aspects using a multiscale integration method: administrative-unit scale and the spatial grid scale. The administrative-unit scale highlights the sustainability of PLES, based on the sustainable development goals (SDGs), while the spatial grid scale focuses on the functional suitability of PLES. The administrative-unit scale detects PLES conflicts from the macroscopic perspective on the basis of sustainable utilization of PLES, whereas the spatial grid scale more accurately reflects the microscopic and detailed functional differences of PLES, compensating for the lack of the strong generality of the microscopic scales. Thus, the research framework was developed as follows:



Step 1: explore PLES spatiotemporal variation on the basis of PLES grid data at 1 × 1 km.



Step 2: evaluate PLES suitability on the grid scale and quantify the synergetic degree using the coupling and coordination model.



Step 2: quantify PLES sustainable development evaluation on the administration-cell scale using the coupling and coordination model.



Step 3: diagnose PLES conflicts using the multiscale integration model to combine the evaluation of the synergetic degree of PLES on the grid and administration-cell scales.




2.3. PLES classification


PLES data in Ningbo of 2010 and 2018 evolved from land use data (1 × 1 km) and were provided by Data Center for Resources and Environmental Sciences, Chinese Academy of Sciences (RESDC) (http://www.resdc.cn, accessed on 5 November 2020). Land use classification includes six first-level categories, namely, arable land, woodland, rangeland, water-area and -conservancy facility land, construction land, and unused land and 25 s-level categories. According to the second-level classification standard of the land-use/-cover classification system for remote-sensing monitoring in China, on the basis of the differentiation of land use functions and types, and the linkage table (Table 1), PLES structure and land use types were established.




2.4. Construction of PLES Suitability Evaluation Model on Grid Scale


PLES suitability is to evaluate suitability in different land-utilization types of county territories with high vegetation coverage. In particular, production suitability refers to the suitability of county territories with high vegetation coverage in providing tangible agricultural products or industrial products or intangible products for humans. It mainly reflects the product production level of county territories, which is mainly affected by natural climate, land suitability, and development convenience. Living suitability refers to the suitability of county territories with high vegetation coverage in living conditions such as convenient facilities, housing, and public activities. It investigates the living support level of residents in county territories, which is mainly affected by public facilities, terrain, and the social economy. Ecological suitability refers to the suitability of the research area to provide direct or indirect ecological products and ecological services for humans, which is mainly affected by environmental quality and the social environment. The index system of PLES suitability evaluation in this paper is as follows (see Table 2):




2.5. Coupling and Coordination Model


The coupling coordination degree model is a relationship that can better describe the interaction and influence of two or more systems in the development process. Coupling coordination degree is the degree of mutual promotion and restriction among various systems at high and low levels and reflects the degree of interaction and coordinated development among various systems. This paper mainly adopted this model to calculate the coupling coordination degree of PLES suitability results and regional sustainable development. The coupling coordination degree (CCD) can be obtained according to the following formula. The value of CCD is in the range of 0–1. A higher value indicates a higher degree of coupling coordination [28,29].


  D =   C × T    



(1)






   T = α ×  U 1  + β ×  U 2  + ⋯ + γ ×  U 3      ( α = β = γ = 1 / n )   



(2)






  C =   (  U 1  ×  U 2  × ⋯ ×  U n  ) /        U 1  +  U 2  + ⋯ +  U n   n     n   n   



(3)






  U =     ∑  i = 1  n   ( ω    i  ×  x i  )  



(4)




where D represents the coupling and coordination degree, T reflects the overall effect and level of each subsystem, C is the coupling degree, U represents subsystem performance, Wi represents the weight value of indicator I, and Xi represents the standard value of indicator i in each subsystem.



There are three subsystems in this study, namely, production, life, and ecology, so C and T are calculated by the following formulas, where Up, Ul, and Ue are the performance levels of the PS, LS, and ES subsystems, respectively; α, β, and γ represent the contributions of the PS, ES, and LS subsystems, respectively.


  C =   (  U p  ×  U l  ×  U e  ) /        U p  ×  U l  ×  U e   3     3   3   



(5)






   T = α ×  U p  + β ×  U l  + γ ×  U e      ( α = β = γ = 1 / 3 )   



(6)








2.6. Sustainable Development Evaluation on Administration-Cell Scale


Sustainable development is the fundamental pursuit of territorial space optimization and the starting point of PLES optimization [30]. PLES optimization is consistent with the sustainable development theory of the multi-objective coordination of economy, society, and environment and is the embodiment and implementation of sustainable development theory in urbanization construction. On the basis of SDGs 1–3, 6, 8, 11–13, and 15, this study was guided by “intensive production”, “livable life”, and “beautiful ecology” to establish the coupling coordination degree evaluation index of PLES, covering the scale of space, structure of space, efficiency of space, quality of space, and other factors (Table 3). It aims to provide a scientific basis for the efficient use of PLES and the sustainable development of economy–society–environment.




2.7. PLES Conflict Identification Based on Multiscale Integration Model


In this study, the iterative method was used to establish spatial relations on different scales and perspectives [40]. According to the scores and weights of various functional evaluation factors on different scales, a multiscale mathematical model of PLES conflict weight was established:


   C  p , l , e   = ( 1 − α ) ×  f  p , l , e   + α   ∑  i = 1  m    f i    × β ,    



(7)




where Cp,l,e represents the comprehensive evaluation value of PLES conflict weight (p, production; l, living; e, ecological) under multiscale integration; α represents the weight of evaluation results at the upper scale (administrative-unit); fp,l,e is the evaluation index of the suitability of PLES on the grid scale; fi and β represent the evaluation factor of sustainable development of PLES on the administrative-unit scale and the corresponding index weight, respectively. Using the calculated results by the multiscale comprehensive evaluation model to diagnose the PLES conflicts of Ningbo, according to the comprehensive evaluation score of each function of each grid, the level of each function was judged. With ArcGIS, conflict types were classified on average into five levels, namely, no conflict, little conflict, medium conflict, serious conflict, and violent conflict.





3. Results and Analysis


3.1. Spatial–Temporal PLES Characteristics in Ningbo


Figure 1 shows the spatial characteristic of PLES in Ningbo for (a) 2010 and (b) 2018. In general, due to the rapid development of the economy and the acceleration of urbanization in recent years, a great deal of PS and ES in Ningbo was transformed into living space, resulting in a decline of PS and ES, which decreased by 1.68% and 1.89%, respectively, while the area occupied by living space increased by 14.4%. These data show that the rapid development of urbanization and the pursuit of high-quality life in Ningbo from 2010 to 2018 led to the continuous expansion of living land. Production land and ecological land were constantly occupied under the influence of human activities, although the area of PS decreased, and the area of industrial PS slightly increased, which indicates that agricultural PS was greatly affected by human activities. Agricultural PS occupied a large area, and the level of agricultural development was affected.




3.2. Coupling and Coordination for PLES Suitability Analysis in Ningbo


Figure 2 shows the suitability evaluation results of PLES in Ningbo. From 2010 to 2018, the areas of lowest and lower suitability of ecological space in Ningbo increased, while areas of general, higher, and highest suitability decreased, indicating that urban expansion seriously affected the ecological suitability of land and reduced its ecological value. The lowest-suitability areas were sporadically distributed in the two years and were mainly in the northern part of Ningbo in 2010. However, in 2018, lowest-suitability areas both spread to the southern part and greatly increased in the northern part, even showing a trend of aggregation. This was mainly due to the acceleration of the urbanization process and the continuous expansion of living space. Increasing amounts of ecological land with flat terrain suitable for urban construction and expansion were used for urban construction. Lower suitability areas also gradually expanded from the north to the south, and the northern area continuously expanded. From 2010 to 2018, lowest, general, and higher suitability areas of living space in Ningbo decreased, while lower and highest suitability areas increased, indicating that higher and general suitability areas were increasingly developed into urban construction areas. With the expansion of urban areas, many lowest-suitability areas were affected by the surrounding cities. Their infrastructure conditions were gradually optimized, and population density gradually increased, making development suitability also gradually increase. From the perspective of space, lowest suitability areas were mainly distributed in the western and northern parts of Ningbo, while highest suitability areas were mainly distributed in urban built-up areas and their surroundings. These areas are densely populated with a long history of development and strong infrastructure conditions to assist in daily life, which are suitable for maintaining the development of living space. Lowest suitability PS areas in Ningbo were mainly distributed in woodland and rangeland in the central and southern parts of Ningbo. These areas are generally at higher elevations, with higher slopes, inconvenient transportation, and high costs for industrial and agricultural production. Higher suitability areas and highest suitability areas of PS were mainly distributed in the northern part of Ningbo, and distribution was similar to that in higher and highest suitability LS areas. Higher suitability areas were mainly distributed in arable land, with a certain basis for agricultural production and development. Highest suitability areas significantly increased from 2010 to 2018, mainly distributed in the urban areas of Ningbo, with dense population, a high land use degree, excellent infrastructure conditions, and a long-term basis for industrial and service production.



Figure 3 shows the results of the coupling coordination degree of PLES suitability in Ningbo. From 2010 to 2018, the uncoordinated areas of PLES in Ningbo remained basically unchanged with small increases. However, near-uncoordinated areas increased by 75.82%. Highest coordinated areas had little change, increasing by only 4.56%. To be specific, the large increase in near-uncoordinated areas indicates that the development of Ningbo in recent years developed PLES towards the uncoordinated direction. From the perspective of space, uncoordinated and near-uncoordinated areas are mainly distributed in the south and west of Ningbo. Those areas are mainly woodland and rangeland. Terrain conditions make it difficult to develop and are merely suitable for maintaining its ecological value, which gradually leads to development conditions between ecological and production–living space being uncoordinated. Higher and highest coordinated areas are mainly located in the south of Ningbo. These are mainly distributed in urban areas, agricultural production space, and their surroundings. These areas have both the local basis for the development of production and living spaces and a higher ability for ecological function development because of their natural geographical factors. The suitability development of PLES in these areas is coordinated.




3.3. Sustainable Development Evaluation of PLES on Administration-Cell Scale in Ningbo


Figure 4 shows the result of the sustainable development evaluation of PLES on the administration-cell scale in Ningbo for 2010 and 2018. Results showed that the state of sustainable development evaluation of PLES in the districts of Jiangbei and Fenghua were uncoordinated, and other counties and districts in Ningbo were near-uncoordinated in 2010. Jiangbei is located in the central urban area of Ningbo, and there, the development of secondary industries promoted economic growth but inhibited the coordinated development of LS and ES. Thus, the development level of PS in Jiangbei was the highest, followed by ES, and the development level of LS was the lowest in 2010. Fenghua is located in the western part of Ningbo; the basic geographical conditions of high altitude and high slope were the main factors restricting the development of LS in this area. Fenghua had the highest development level for ES, PS was second, and the development level of LS was the lowest in 2010. In 2018, the state of sustainable development evaluation of PLES of all counties and districts in Ningbo was higher than that in 2010, and all counties and districts in Ningbo were in a near-uncoordinated state. Among them, Jiangbei and Fenghua paid more attention to the coordinated development of PLES after 2010, the coordination index increased by 0.15 and 0.11, respectively, from 2010 to 2018, and the improvement range of coordination index in other counties and districts was less than 0.10. Although the state of sustainable development evaluation in Ninghai and Xiangshan was higher than that in other regions in 2010, due to the lack of coordinated development of PLES and the influence of geographical conditions, the gap between the development levels of PS, LS, and ES gradually widened, the coordination index only increased by 0.04 and 0.02 from 2010 to 2018, respectively, and their state of sustainable development evaluation of PLES was the lowest in Ningbo.




3.4. PLES Conflict Identification in Ningbo


Figure 5 shows the multiscale conflict detection results of PLES in Ningbo. In 2010 and 2018, PLES in Ningbo was in a state of coupling coordination. However, with economic development, the coupling coordination degree of PLES in Ningbo was also damaged and developing toward incoordination. The violent conflict area of PLES in Ningbo in 2010 was about 2.42%, mainly concentrated in the district of Zhenhai. In 2018, it increased to 4.01% and shifted to the western part of Ningbo and the southern part of Yuyao. Result analysis of suitability and sustainable development evaluation showed that the main reason for conflicts in Zhenhai and other areas in 2010 was the limited development of living space. The rapid urbanization of Ningbo promoted the development of living space in Zhenhai and other areas, and the increase in space utilization promoted coordinated and balanced PLES development. In the western part of Ningbo and the southern part of Yuyao, due to the effect of terrain conditions, land development was difficult, and the development of production and living space was seriously hindered. The ecological function of land remained unchanged, which led to increasing conflict in the development of PS, LS, and ES. Conflicts in Ninghai, a county in the south of the city, have been continuously increasing. Due to the large scale of ecological land, the relatively small scale of living space, low population density, and poor infrastructure conditions in Ninghai, economic development was limited, resulting in the coordinated development of PS, LS, and ES gradually decreasing, and the level of conflict gradually increasing. By contrast, Jiangbei is located in the center of Ningbo, an excellent geographical location promoting the development of the city. Driven by the great foundation of urban development, and the development opportunity of industrialization and urbanization, the economy, population scale, and environmental quality constantly improved, and the development of the three types of space gradually tended to be coordinated. Moreover, the level of conflict became increasingly lower.





4. Discussion and Conclusions


There are complex relationships among various geographical scales, and scales and processes interact and influence each other. In this study, PLES coupling coordination degree on the administrative-unit and grid scales were analyzed by multiscale fusion. It contained the administrative-unit scale of PLES function information, reflected the macrobackground of development, and focused on the microlevel of PLES coordination performance, integrating the advantages of the two kinds of scales in order to understand the space–time characteristics of coordinated PLES development. The main conclusions are as follows:



In general, production land and ecological land in Ningbo were continuously occupied by human activities from 2010 to 2018. The industrial production space had a small increase; agricultural-production space occupied a large area, and the level of agricultural development was affected. The PLES coupling coordination degree analysis on the grid scale showed that, from 2010 to 2018, the lowest and lower suitability areas of ecological space in Ningbo increased. Land ecological suitability was seriously affected by urban expansion, and its ecological value was reduced. The near-uncoordinated area of PLES suitability considerably increased by 75.82%. PLES developed towards the trend of being uncoordinated. According to sustainable development on the administrative-unit scale, all counties and districts in Ningbo in 2010 and 2018 were under the near-uncoordinated state, and the sustainable development level of PLES was low. Multiscale coupling analysis showed that the PLES in Ningbo was in less conflict on the whole, but with economic development, the coupling coordination degree of PLES was also damaged and developing towards the uncoordinated direction. From the perspective of space, violent conflict areas of PLES in 2010 were mainly concentrated in Zhenhai. In 2018, this increased to 4.01%, and shifted to the west of Ningbo and the south of Yuyao.



The available research on the methods of quantitative recognition of spatial conflicts more focus on the single scale based on administrative unit, but the PLES conflicts between microcosmic grid scale receives less attention. Considering the important scale problems of the geographical study, PLES coupling coordination degree also has scale dependence. The quantitative research on the grid scale and multi-scale fusion method should be the future of spatial conflicts. It is therefore essential to analyze the spatial conflicts of PLES on different geographical scales. This study established different scales of a PLES coupling coordinated development degree evaluation index system, namely, the administrative-unit scale, grid-unit scale, and multiscale integration, and enriched the methods of multiscale fusion conflict diagnosis. However, the mechanism of multiscale fusion is complex and requires further study.
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Figure 1. PLES in Ningbo for (a) 2010 and (b) 2018. 
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Figure 2. Suitability evaluation of PLES in Ningbo for (a) production space, (b) living space, and (c) ecological space in 2010; and (d) production space, (e) living space, and (f) ecological space in 2018. 
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Figure 3. Coupling coordination degree of PLES suitability in Ningbo for (a) 2010 and (b) 2018. 
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Figure 4. Sustainable development evaluation of PLES in Ningbo for (a) 2010 and (b) 2018. 
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Figure 5. Multiscale PLES conflict identification in Ningbo for (a) 2010 and (b) 2018. 
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Table 1. Corresponding table of type between production–living–ecological space (PLES) and land use.
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PLES Classification

	
Land-Use/-Cover Classification System for Remote-Sensing Monitoring in China [22]






	
PS

	
Agricultural-production space

	
Paddy fields, dry land




	
Industrial-production space

	
Industry and mining, land use for transport construction




	
LS

	
Urban-living space

	
Urban land




	
Rural-living space

	
Rural residential land




	
ES

	
Forestland ecological space

	
Woodland, shrub land, open forest land, other woodland




	
Grassland ecological space

	
Grassland with high, medium, and low coverage




	
Water ecological space

	
Canals, lakes, reservoir pit ponds, permanent glaciers and snowfields, tidal flats, bottomland




	
Other ecological space

	
Sandy land, Gobi, saline alkali land, swamp land, bare land, bare rock land, and other unused land
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Table 2. Index system of PLES suitability evaluation.
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Items

	
Index

	
Factor Classification and Score [14,23,24,25,26,27]




	
100

	
80

	
60

	
40






	
Production

suitability

	
Average annual temperature

	
≥21

	
>18–21

	
>15–18

	
≤15




	
Annual precipitation

	
≥1800

	
>1700–1800

	
>1600–1700

	
≤1600




	
Altitude

	
<150 m

	
>150–300 m

	
>300–500 m

	
>500 m




	
Land use type

	
Dry land, paddy field, other construction land

	
Rural land, urban land

	
Grassland with high coverage

	
Others




	
Gradient

	
<3°

	
3°–8°

	
8°–15°

	
15°–25°




	
Distance from road (m)

	
500 m

	
1500 m

	
3000 m

	
5000 m




	
Living

suitability

	
Average annual temperature

	
≥21

	
>18–21

	
>15–18

	
≤15




	
Annual precipitation

	
≥1800

	
>1700–1800

	
>1600–1700

	
≤1600




	
Topographic position index

	
≤0.54

	
0.54–0.62

	
0.62–0.72

	
≥0.72




	
Distance from town center

	
500 m

	
1500 m

	
3000 m

	
5000 m




	
Distance from school and hospital

	
500 m

	
1500 m

	
3000 m

	
5000 m




	
Land use type

	
Rural land, urban land

	
Other construction land

	
N/A

	
Others




	
Ecological

suitability

	
Land use type

	
Open forest land, grassland with high coverage, swamp land

	
shrub land, canals, lakes

	
Dry land, paddy fields, woodland, shrub land, other woodlands, grassland with medium and low coverage, reservoir pit ponds

	
Rural land, urban land, other construction land, and others




	
Landscape fragmentation

	
Better regularity

	
Good regularity

	
General regularity

	
Bad regularity




	
Normalized difference vegetation index (NDVI)

	
≥0.5

	
>0.25–0.5

	
>0.15–0.25

	
≤0.15




	
Distance from water body

	
5000 m

	
3000 m

	
1500 m

	
500 m








Note: weight of each index determined using analytic hierarchy process (AHP) and expert scoring method. The topographic position index, calculated by the slope and the elevation, was used to reflect the influence from the comprehensive geomorphic conditions of Ningbo.
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Table 3. Index system of spatial coupling coordination degree evaluation for sustainable development goals (SDGs).
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Items

	
SDGs

	
First-Level Indices

	
Second-Level Indices






	
Production space

(intensive and efficient)

	
SDGs 2 and 12

	
Scale of production space

	
Scale of agricultural land [31]




	
Scale of industrial land [31]




	
Structure of production space

	
Advancement of industrial structure [32]




	
Efficiency of production space

	
Grain output rate [33]




	
Land output rate [34]




	
Industrial efficiency [34]




	
Living space

(livable life)

	
SDGs 1 and 11

	
Scale of living space

	
Size of residential space [31]




	
Quality of living

	
Green-space coverage ratio [33]




	
Engel’s coefficient of urban residents [33]




	
Convenience of living

	
Transportation convenient [35]




	
Traffic accessibility [36]




	
Ecological space

(beautiful ecology)

	
SDGs 3, 6, 13, and 15

	
Scale of ecological space

	
Scale of ecological land [31]




	
NDVI [37]




	
Quality of ecological space

	
Air quality [38]




	
Sewage treatment rate [32]




	
Health level of residents [39]
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