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Abstract

:

Territorial spatial planning involves fixability and flexibility in different driving factors related to control and development orientation, and they play an important role in regional sustainable development, especially in developing countries such as China. With rapid urbanisation and industrialisation, China has been impacted by conflicts between development and protection in territorial space. To integrate the contradictions among different territorial spatial planning measures, planners and scholars have started to focus on studies regarding fixability–flexibility relationships and integration. However, the relationship between and integration of fixability and flexibility in territorial spatial planning have yet to be clearly summarised. This paper explores an innovative research direction for the fixability–flexibility relations in territorial spatial planning from a new perspective, the Food–Energy–Water Nexus, which is a dynamic and comprehensive framework for Sustainable Development Goals (SDGs) studies. This paper covers the existing research on fixability and flexibility in territorial spatial planning. Moreover, after summarising the conflicts of fixability and flexibility, the dialectical relationship between and the integration of fixability and flexibility are researched.






Keywords:


territorial spatial planning; fixability–flexibility relations; food–energy–water nexus; control and development; China












1. Introduction


Territorial spatial planning plays an extremely important role in guiding protection and development activities and allocating territorial space in an orderly manner in both time and space. Fixability and flexibility are key traits for achieving strategic objectives and ensuring local development. These elements play a decisive role in controlling the negative externalities of territorial spatial development and coping when there are uncertainties associated with social and economic development [1]. However, due to the lack of an interaction mechanism of territorial spatial planning fixability and flexibility, the coordination measures of land spatial development and protection have achieved little, and are mainly manifested in the unclear interactions between rigid and flexible spatial planning quotas, space and institutions.



In China, the central government emphasizes rigid control tools for urban space, agricultural space and ecological space for the purpose of territorial spatial protection. Meanwhile, there is a lack of flexibility in terms of territorial spatial development requirements in the process of ongoing social and economic improvement. To pursue economic interests in a concrete implementation process, local governments may avoid these control tools and achieve spatial expansion through flexible planning. In the process of urban spatial planning preparation and implementation, the seemingly rationalistic behaviour of central and local governments leads to irrationality in overall planning and control, which causes the coexistence of the two scenarios. When territorial spatial planning is too rigid, and lacks any elasticity, the regional development space will be restricted, conversely, territorial spatial planning will have little effect on spatial management and control [2,3].



From the perspective of spatial evolution, urban spatial expansion shows an obvious upward trend, while national cultivated land has achieved a certain balance in quantity, resulting from the dynamic balance system. However, because of this system’s over-dependence on the cultivated land reclamation from ecological land, such as forestland, grassland and intertidal zones, regional ecological security has been negatively impacted. From the perspective of spatial function and use, the quality of cultivated land has not been protected in an ideal balance, leading to extensive hidden dangers related to food security. Both phenomena frequently coexist during the expansion of construction land. On the one hand, conflicts between the increased demand for construction land and a lack of supply may slow the economy. On the other hand, low efficiency in terms of construction land utilisation is disadvantageous to the sound development of the national economy. Ecological land is facing increasing risks of being transformed into construction land and cultivated land, which will have an increasingly negative influence on the ecosystem. Strong control over rigidity leads to a mismatch between the spatial function layout and diversified demands for land use, while protections for strategic categories of land use will cause the conversion of other land use areas, particularly the ecological land. Therefore, problems related to urban expansion, cultivated land and ecological land protections develop [4].



The organic fusion of fixability and flexibility is the fundamental condition for creating a good spatial order. Faced with the problems of resource depletion, environmental pollution and disordered spatial development, the traditional idea of “development before protection” must be changed in this new stage of territorial spatial planning in China. Moreover, the relationship between the fixability and flexibility of territorial spatial planning should be coordinated. However, there is currently a lack of a mature dynamic framework for analysing the conflicts that occur during territorial spatial planning, and for further analysing the integration of development and protection objectives of territorial spatial planning, such as food security, economic development, energy consumption and water security, which are the main objectives of territorial spatial planning. This paper introduces the Food–Energy–Water Nexus, which is a newly developed systematic framework for sustainable development, to research the relationship among different objectives of territorial spatial planning. The Food–Energy–Water Nexus concept is used to identify direct and indirect influences from the development of the three subsystems or resources [5]. For sustainable development, the approaches aim to increase synergies and decrease trade-offs in order to reduce the unintended consequences of systematic risks.



Given that the conflicts between fixability and flexibility in territorial spatial planning are mainly caused by single and partial planning thinking, organically fusing fixability and flexibility is a difficult task. Therefore, this paper answers the following questions: What are the attributes, reasons and key points of fixability and flexibility in territorial spatial planning? Why are the conflicts between fixability and flexibility difficult to reconcile? How can we think of the conflicts and integration of fixability and flexibility in territorial spatial planning for sustainable development? This paper proposed the research hypothesis that the contradictions between fixability and flexibility are caused by a series of reasons. The most important reason is fragmented planning thinking in the process of territorial spatial planning, and the Food–Energy–Water Nexus helps to research the integration of fixability and flexibility. To clarify this point, this paper investigates the following points.



Based on the background information, the paper first systematically reviews research on the fixability–flexibility relations in territorial spatial planning, including fixability, flexibility and the conflicts between fixability and flexibility. This process not only describes the tools, performance and risks of fixability, as well as the internal impetus and implementation approaches of flexibility, but also summarizes the reflections on contradictions from five dimensions, including the hierarchical relationship, the purpose function, the planning period, the external relations and the planning concept. Then, the paper reviews research on the fixability–flexibility relations from the Food–Energy–Water Nexus perspective as follows. First, the framework of the Food–Energy–Water Nexus is introduced, including the concept and development context, which helps us learn about the system, as well as integral and dynamic analytical thinking. Second, the Food–Energy–Water Nexus is connected to land space, the interaction between food security and agricultural space protection, energy consumption and urban spatial expansion control, as well as water security and ecological space protection. Third, the dialectical relationship between fixability and flexibility in territorial spatial planning in the nexus is summarised. Finally, on the basis of the reviews above (see Figure 1), the main problems and governance-oriented thinking related to the fixability–flexibility relations are discussed in the Conclusions section.




2. Constraints for Protection: Fixability in Territorial Spatial Planning


Since 1987, China has experienced three rounds of quota-oriented land use master planning, generating many positive impacts to coordinate the relationship between the demands of social and economic development, as well as resource and environmental protection, with many tools utilised to control urban construction land expansion, reduce farmland loss and protect important ecological land [6,7]. However, many scholars have expressed critical opinions on the performance and risks of the control tools used in land use planning, noting that urban expansion and farmland protection have not been adequately achieved under the enormous demand from urbanisation and industrialisation [8,9].



2.1. Territorial Spatial Planning Control Tools


Based on the authority provided by the rigidity of the system, quota rigidity, spatial rigidity and usage rigidity play crucial roles in controlling spatial planning, with the aim of promoting the implementation of various planning goals [10]. This paper tries to introduce three types of control tools for territorial spatial planning. They are commonly implemented in China and some are also applied in other countries, including control quotas, boundary management and zoning, from the scale and spatial layout perspectives.



	(1)

	
Control quota







According to the objectives of development and protection in territorial spatial planning, territorial spatial planning quotas are plans for the scale and structure of territorial space that can be implemented and easily evaluated. Under the principles of maintaining the scale of cultivated land, balancing occupation and compensation for cultivated land and planning the overall development of construction land, China has developed and implemented a series of control quotas in territorial spatial planning, including the cultivated land tenure quantity quota, the newly added construction land quota, the newly added construction land occupying cultivated land quota, the cultivated land occupation balance quota and the permanent basic farmland tenure quantity quota1. Control quotas are allocated from the top down in the Chinese planning system, to control the speed and scale of urban expansion and protect the cultivated land and ecological land in terms of land scale. The compilation and execution of subordinate territorial spatial planning must strictly follow the quotas determined by the superior-level territorial spatial planning and be subject to assessment from the superior-level planning at the end of the planning execution period [11]. Similarly, the German Federal Government committed to reducing the conversion from open land to construction land for traffic areas and settlements to within 30 ha in the year 2020, when it was 113 ha in the 2004–2007 period [12].



At the same time, to ensure the orderly and effective allocation of control quotas, governments at all levels need to formulate annual planning quotas and strictly implement them. In practice, overly rigid control quotas strictly limit local governments when they are making urban development and construction arrangements under situations of socioeconomic development, especially when an unforeseen quota demand is encountered, which leads to delays and cancellations in the implementation of projects which require large quotas. On the other hand, a lack of land construction quotas combined with excessive land protection quotas makes it difficult to satisfy the urban expansion demand of local governments, resulting in a lack of motivation to implement socioeconomic development. Local governments in areas with rapid economic development always have to apply for additional land development quotas from governments at the superior-level of spatial planning or use next period’s quotas in advance [13,14].



	(2)

	
Boundary management







The delineation of spatial boundaries that distinguish the types and intensities of land use in different areas is an important policy tool for implementing spatial control. Boundary management refers to the delineation of, the implementation of, the management of and punishment related to the spatial boundaries for certain targets, such as controlling urban expansion and preserving open space. For example, an urban growth boundary (UGB) is established to promote compact and ongoing spatial development patterns by predicting development activities within the boundaries in a period of 10–25 years [15] and suburban boundaries are established to protect suburban land and open space from encroachment [16]. In the early 21st century, the UGB was introduced into China as a planning tool to control disorderly urban sprawl, protect open space and cultivated land, provide public service facilities, improve land use efficiency, guide smart urban growth, etc. [17,18]. There are different types of methods for UGB delineation, such as comprehensively oriented, growth-driven oriented and ecologically constrained oriented methods, with widely used models such as the system dynamics (SD) model, cellular automata (CA) model and GEOMOD model. The SD model performs well in characterising the interactions among different subsystems, such as the economy, society, ecology and land, and in conducting multi-scenario simulations. The CA model is able to simulate the spatiotemporal evolutionary process of complex systems, following a bottom–up simulation approach. The GEOMOD model can be used to simulate the transform of two types of land, such as from non-construction land to construction land, which can be widely used to delineate the UGB. Subsequently, additional control boundary management tools have been derived in China [19,20,21].



For example, the Law of the People’s Republic of China on Urban and Rural Planning (the President of the People’s Republic of China Decree No. 74), promulgated and implemented in 2008, stipulated that urban master plans and township master plans should delineate prohibited, restricted and suitable construction areas; the Guiding Opinions on the Compilation of Overall Land Use Planning at the City, County, and Township Levels issued in 2009 (the Department of Land and Resources No. 51) stipulated the boundary of the urban and rural construction land scale, the boundary of urban and rural construction land expansion and the boundary of prohibited construction land, as well as the formation of four zones: the allowed construction zone, conditional construction zone, restricted construction zone and prohibited construction zone. Boundary control is essentially a licence for land development rights (allowing or disallowing development and construction), and due to the different dominant sectors, different boundaries often cause conflicts regarding the concept and methods used in the delineation and implementation process. The competition for space development rights among different sectors has exacerbated China’s multi-regulatory conflicts and is not conducive to the effective implementation of spatial control. Related studies have focused on the UGB (urban growth boundary), urban–rural construction land expansion boundary, etc., and have recognised that control boundary management is an important policy tool for controlling urban sprawl and guiding urban development, as well as an important means of ensuring food security and ecological protection [22].



If UGBs offer both guidance and control, as noted by some studies [23], then the red lines of ecological protection and the red lines of permanent basic farmland are more stringent control boundaries. In 2005, the Provisions on the Management of the Basic Ecological Control Boundary of Shenzhen City (Municipal Government Decree No. 145) proposed that 49.9% of the city’s total area be designated as the basic ecological control boundary (including concentrated basic farmland protection zones); any unit or individual should strictly abide by the control red line; and other construction activities be prohibited except for the activities of major road transportation facilities, municipal utilities, tourism facilities and parks [24]. In 2014, the initiative of ecological protection red line delineation and management was formally established in the Technical Guidelines for the Delineation of the National Ecological Protection Red Line-Ecological Function Baseline (for Trial Implementation) (the Ministry of Environmental Protection Annex No. 10).



	(3)

	
Zoning







Zoning refers to a tool for dividing different functional areas for development or protection. It is a control technique that originated in the U.S. which divides land into several zone areas where specific activities can occur. The purpose of zoning has shifted from managing land use density and plot ratios to controlling urban size and protecting agricultural land and open space. The comprehensive zoning was first investigated by the New York City Commission on Building Height in the year of 1910. Land use zoning districts are determined and different restrictions are established, such as land use (types of use, public facilities and matching open space), population densities as well as building heights and usages [25].



To date, zoning control is one of the most common tools for controlling land development in the United States, France, Germany and Korea, and it has mixed effectiveness [26,27]. Zones are always related to government authority, which means that governments implement mandatory management of land occupation rights, land use rights and land use behaviour through administrative and planning means. The state applies land use zoning regulations with the help of “dominance” to restrict the right to use land to compensate for the insufficiency of the market mechanism and promote the rational allocation of land resources [28]. Some planners and economists observe that land use zoning control can avoid problems related to land use resource mismatch to some extent. However, others are critical of excessive governmental intervention and pay more attention to flexible market-based instruments such as transferable development rights (TDRs) or tradable planning permits (TPPs) [12]. These instruments are considered to enhance land use efficiency and improve land market vitality to fill the “rigid, out-of-date, and does-not-respect-the-law-of-market” gap in land use control zoning tools [29].



China has already established a comprehensive system of land use zoning regulations, which includes land use territorial zoning, land use zoning control and construction zoning control. For example, in 2010, the State Council issued Development priority zoning (DPZ) (State Council No. 46), specifying most of China’s area as forbidden development zones (FDZs), restricted development zones (RDZs), key development zones (KDZs) and optimised development zones (ODZs) [30].




2.2. Performance Evaluation of Control Tools


Regarding the evaluation of the objectives and implementation of planning, many scholars have proposed evaluation indices of planning effectiveness and performance, such as the control of urban sprawl, the protection of farmland and the rural environments, and protection of natural environments and open spaces [31,32]. Statistically, different cities with or without planning control tools are chosen to estimate the impact on population, employment, tax rate, public transit and economic growth to prove that planning control tools have promoted land use efficiency and public services [33,34]. Additionally, housing prices and land prices inside or outside planning control boundaries are evaluated to research the joint effect of planning control tools [35,36].



However, the results of effectiveness evaluations have been mixed. Although approximately 730,000 hectares of agricultural land have been protected through land development controls in the United States since 2009, studies have shown little evidence that the trading of land development rights can enhance UGB management at the regional level or facilitate the consolidation of other urban open spaces to form contiguous blocks of preserved spaces [37]. While acknowledging the quantitative conservation effects of farmland under planning control, some scholars have gradually shifted to maintaining the continuity of farmland as a means of reducing the operating costs of farms and preserving the ecological integrity of farmland, focusing on the impact on ecological benefits and environmental safety. For example, the spatial performance of planning control tools has been evaluated by comparing the effects of three farmland protection tools, namely, purchase development rights (PDRs), transfer development rights (TDRs), and cluster schemes, on the amount of farmland and the degree of farmland fragmentation [38,39].



In China, currently, planning control objectives are decomposed in a top–down manner in the land use planning system, with the cultivated land, basic farmland protection, construction and newly added construction land occupying cultivated land quotas allocated, and governments at different hierarchical levels should achieve the designed objectives [40]. Based on certain target requirements and expectations, Cai et al. established a planning control performance evaluation index system considering three main aspects: planning effectiveness, planning gap and planning failure [41]. Based on the planning objective, the key to the performance evaluation of territorial spatial planning control tools is to estimate their control effect on conversion from cultivated land to construction land, which focuses on the quantification of cultivated land protection performance [42]. Some studies have shown that China’s territorial spatial planning control system has achieved a balance in terms of the quota of cultivated land which should be protected, with the trend of the conversion of cultivated land to construction land being curbed and the reduction speed and magnitude of cultivated land being controlled [43,44]. Other researchers hold the view that these control tools have little performance contrast with the expected goals [45,46]. Based on the background of institutional changes, as the core goal of China’s territorial spatial control planning has gradually transformed from “farmland protection” to the combination of farmland protection and ecological environment protection, new requirements have been set for establishing an evaluation index system and a model of territorial spatial planning control tools. Especially in farmland protection, more attention has been paid to the quality of farmland and the impact on the ecological environment. However, the current evaluation methods are limited to the coupling of socioeconomic development with cultivated land quantity protection polices, and a coupled evaluation model for socioeconomic development, cultivated land protection and ecological environment has yet to be established, resulting in a biased performance evaluation of planning control tools [47,48].




2.3. Risks of Control Tools


	(1)

	
Regulatory failure







To balance public interests and improve social welfare, planning is an important policy tool used by governments to compensate for market failure and defects. Planning can also cause conflicts related to regulatory failure and inefficiency. For example, society as a whole enjoys the benefits of ecological environment improvement and food security, while environmental activists bear the cost of such protection. A lack of incentive mechanisms leads to the dilemma of “policy failure” and “free riding” [49]. Tan and Qu pointed out that the inefficiency and excessive loss of farmland conversion in China caused by high-speed farmland non-agriculturalisation will lead to social, economic and ecological insecurity [50]. Combining externality with marginal revenue theory, Wu et al. proposed that under situations of market and government failure, basic farmland protection in China has different internal mechanisms [51].



	(2)

	
Operation failure







The game between the central and local governments is a primary reason for the failure of territorial spatial planning operations. For example, in the implementation process, local governments sometimes choose a target replacement strategy, replacing the initial quality protection target with a quantity protection target of cultivated land. They will then replace the control target of the scale of newly added construction land occupying cultivated land with a control target of the total scale of urban and rural construction land. In this scenario, the total grain yield of cultivated land is imbalanced due to the occupation of paddy fields with compensation for dry land, occupying high-quality cultivated land with compensation for low-quality land under the target strategy of local governments. On the other hand, ecological land is constantly developed to compensate for the shortage of cultivated land development, threatening regional ecological environment security and resulting in a deviation between the overall rigid constraint goals of territorial spatial planning and the actual results [52]. With the ongoing development of the sustainable development concept, numerous scholars have begun to explore the scientific nature of planning and control policies related to cultivated land protection from the perspective of sustainable development strategies. The policies for cultivated land protection have not only shifted from quantity to quality but have also added spatial control tools such as basic farmland protection zoning [53].





3. Development as a Driving Force: Flexibility in Territorial Spatial Planning


3.1. The Internal Impetus of Flexibility in Territorial Spatial Planning


The fundamental reason for flexibility strategies with regard to territorial spatial planning lies in the driving mechanism of urban expansion. In terms of supply and demand, some studies argue that urban sprawl is the result of spontaneous behaviour during the development of the market economy. The preference for single-family homes creates a market demand for suburban houses, while the owners of agricultural land who pursue high land price returns increase the supply of agricultural and ecological land. Additionally, the government does not play a regulatory role in this process and even implements corresponding affordable housing plans and tax laws, which laterally promote the land supply [54].



Other studies have focused on systemic drivers such as high economic development (especially the development of the non-agricultural economy), population growth, the urban–rural income gap, transportation and infrastructure development, development zone construction, foreign direct investment, planning policy and functional development of suburban areas [55]. To support regional economic development as well as industrialisation and urbanisation processes, scholars assert that reasonable urban spatial expansion is necessary [56]. Therefore, Yang and Zhang carried out scale prediction of urban spatial expansion through mathematical models combined with spatial simulation by means of spatial analysis to provide a basis for the flexibility of territorial spatial planning [57]. In terms of coping with uncertainty, Wang and Zhang were the first scholars to suggest that China departs from overly rigid planning to more resilient and flexible planning with organic coordination between market regulation and government intervention, after which the idea of elastic planning gradually received more attention [58]. According to Wu and Shao, the rigid planning concept lacks alternatives; thus, it pursues the best and only plan [1]. This single, rigid and deterministic planning theory cannot adapt to the needs of reality, while the uncertainty, irrationality and theoretical flexibility compensate for this defect to a large extent. In planning practice, flexible planning theory is mainly reflected in flexible adjustments of the planning system and planning time sequence, the development of flexible planning policies and multi-objective planning schemes.




3.2. The Implementation Approaches of Flexibility in Territorial Spatial Planning


Based on the implementation approaches, the induced demand for urban spatial expansion will increase with the socioeconomic development, population growth and improvements in living standards. China’s top–down land control quotas and bottom–up urban spatial expansion demand have always caused contradictions, leading to local governments competing for land quotas, which is not conducive to the effective utilisation of China’s spatial resources. In the face of rigid top–down decomposition, flexible measures are often adopted at the lower hierarchies [59]. In the process of practice, China’s local governments have gradually developed a series of flexible strategies to strike a balance between the land demand of local socioeconomic development and the required land protection tasks of hierarchically superior governments, such as the reserved quotas for newly added construction land [60], conditional construction zones and the linkage of urban land taking and rural land giving (LUTRG) [61].



	(1)

	
The reserved quotas for newly added construction land.







The allocation of reserved quotas reflects the flexibility of territorial spatial planning under top–down rigidity. Cheng and Yang divided newly added construction land quotas at county level into quotas for guaranteed priorities, quotas for mobile reservation and quotas for allocation to lower administrative regions [62]. The indicator of quotas for mobile reservation was set up to increase the feasibility of planning, when establishing the allocation model for control quotas. Li noted that although the reserved quotas for newly added construction land have strengthened flexibility, they could lead to structural conflicts among different regions due to the rigid original allocation and management of land control quotas. For example, projects did not land as predicted in the original key development regions with a certain number of quotas left, while in “dark horse” regions, the quotas ran out quickly and the project execution is waiting for quotas [63].



	(2)

	
Conditional construction zones.







Conditional construction zones, which are the area between the urban–rural construction land boundary and the urban expansion boundary, were set up for the spatial layout adjustment of specific cities, towns and villages. Without exceeding the planning control quotas, with the area of conditional construction zones, and completing the rural construction land consolidation tasks of overall land use planning, under such circumstances, local governments can adjust the spatial layout using land with conditional construction zones [64]. To this extent, conditional construction zones have the functions of substituting planning control quotas, promoting the implement of increase–decrease linkage of urban–rural construction land, and implementing additional planning control quotas, which will increase the flexibility of territorial spatial planning and promote its effective implementation.



	(3)

	
Increase–decrease linkage of urban–rural construction land







Increase–decrease linkage of urban–rural construction land is an innovative pattern of land transfer. On the basis of the balance of land use in the project regions, the planned development of urban construction land can increase after the rural construction land is reclaimed into cultivated land for the same scale [65]. This strategy aims to promote the economical and intensive use of construction land and the rational layout of urban–rural land. It also can increase the active area of cultivated land and provide an effective way to meet the demand for urban expansion [66]. The implementation of the pilot policy of increase–decrease linkage of urban–rural construction land has achieved certain results. For the institutional design, the operation of the policy can promote the conservation and intensive use of construction land and the integration of urban and rural development. However, in practice, few regions carried out large-scale pilot projects for additional planning control quotas, and a lot of problems were created during the process, such as ignoring the willingness of farmers and the non-standard distribution of revenue from quota transfer usage [67,68].





4. Reflections on Contradictions: Conflicts and Integration of Fixability and Flexibility in Territorial Spatial Planning


The rigid control of scale and space in territorial spatial planning will force development subjects to improve land use utilisation efficiency and promote the intensive and economical use of spatial resources. At the same time, to ensure the land supply, the urban expansion demand caused by socioeconomic development must be met. In theory, the organic unity of rigid constraints and flexible development can balance the achievements of multiple goals from development and protection, thereby promoting the sustainable development of national land space.



However, during actual operation, there are disconnects between fixable control and flexible governance in territorial spatial planning, causing a variety of conflicts in different dimensions and ultimately resulting in contradictory situations of varying degrees and aspects, such as a lack of construction land quotas with strong social and economic development demands or an excessive development history with stern resource and environmental protection tasks. In summary, there are five main dimensions:




	
Hierarchical relationship: Traditional centralised control system vs. local elastic behaviour. The relationships between planning quota content, scale, punishment, and supervisory ability with government performance assessment standards as well as land financial revenues and political achievement assessment stimulation will further influence the behavioural choices of local governments [69].



	
Purpose function: Positioning of superior planning vs. implementation of subordinate planning. The contradictions between the positioning of superior planning and the implementation of subordinate planning stem from the conflicts between ideal protection goals and the practical development demand of territorial spatial planning [70].



	
Planning period: Fixability of static prediction vs. flexibility of dynamic development. The prediction results guided by different planning perspectives vary and include forecasting results related to food, water resources and land demand; these results can reveal vast differences under relatively static and short-term planning perspectives (usually 10 to 15 years) with dynamic and long-term planning perspectives [61].



	
External relations: Restrictions in the relatively enclosed zone and flexibility in the open zone. The scale of cultivated land is one of the core factors used to measure the food security of “closed” areas, while in open areas, the gap between food supply and demand can be filled through market mechanisms such as foreign trade and inventory [71].



	
Planning concept: Reduction under the protection concept and expansion under the development concept [72].









5. Fixability–Flexibility Relations from New Perspective of the Food–Energy–Water Nexus


Based on the Food–Energy–Water Nexus, this paper adopts a dual hierarchical framework (Figure 2) to observe the interaction between the Food–Energy–Water Nexus and land space. The framework includes two system hierarchies: the first is the key element hierarchy and the second is the land space hierarchy. Subsystems interact within the respective hierarchies. In the key element hierarchy, food, energy and water elements not only have coupling relationships in terms of quantity, quality and policy but also have the same goals: the realisation of sustainable development, with the goals of energy consumption security, water security and food security. Related to territorial spatial planning, socio-economic development, food security and ecological protection are the main objectives, and the realisation of these planning objectives depends on the flow and expression of key elements in the land space. In the land space hierarchy, agriculture space, urban space and ecological space interact with each other following the rules of territorial spatial transformation and are affected by fixable and flexible territorial spatial planning tools and strategies, further impacting the energy, food and water elements. The aim is to realize sustainable land space use. This paper focuses on the interaction between the two hierarchies, centring around the relationship of “food security–agricultural space protection”, “energy consumption–urban spatial expansion control” and “water security–ecological space protection”. The details are as follows.



5.1. Introduction of the Food–Energy–Water Nexus


In 2009, the International Atomic Energy Agency (IAEA) analysed the relationships among the elements “climate, land, energy and water” and suggested that any resource policy that focuses on a single resource will have unforeseen negative impacts on other resources. The World Economic Forum released the Global Risks Report in the year of 2011, identified the Water–Food–Energy (W-F-E) Nexus as the three most important risks globally, proposing that food, energy and water security touch on all aspects of the economy, society and the environment [73].



Although the conceptual interpretation of the Food–Energy–Water Nexus has yet to mature in recent years, its interpretation and application have long been widely accepted. Given that the term “Nexus” being used in general to denote the interactions and linkages between two or more things or systems, the Food–Energy–Water Nexus is primarily connected to research on the linkages, synergies and potential conflicts that arise from the way in which the three resources are managed [74,75]. The framework centres on the idea that conclusions drawn from ignoring the impacts of the other two resource systems will have wider consequences and that it is impossible to effectively address food, energy and water security issues in isolation [74,76]. A focus on comprehensively thinking about the trade-offs, interactions and mutual influences among the systems provides a concise expression of the “policy development with clear trade-offs between advantages and disadvantages” idea [77].




5.2. Interaction between the Food–Energy–Water Nexus and Land Space


	(1)

	
Food security and agricultural space protection







Song and Pijanowski emphasised that the quantity and quality of agricultural land are inextricably linked to food security [78]. China’s cultivated land protection has gone through the development process of quantity protection, quantity and quality protection and the trinity protection of quantity, quality and ecology, reflecting changes in the perception of the relationship between cultivated land protection and food security. First, the Land Administration Law of the People’s Republic of China, which went into effect in 1987, explicitly stipulated the relevant provisions on the protection of cultivated land quantity, strictly controlling the occupation of cultivated land. In the 1990s, a dynamic balance system for the total amount of cultivated land was gradually established, and China formally entered the period of cultivated land quantity protection. Second, the Basic Farmland Protection Regulation was implemented in 1999 to further protect cultivated land quality and guarantee national food security [79]. With different statistical and space analysis methods, some scholars have evaluated the effectiveness of cultivated land protection policies in China. On the one hand, they have affirmed that the performance of cultivated land protection policies has reduced the loss of cultivated land resources and has controlled urban expansion. On the other hand, they have suggested that the current cultivated land protection policies are not the most effective means of achieving the food security guarantee goals [80,81,82,83].



Studies have shown that China’s agroecological efficiency is low and that it is significantly negatively correlated with agricultural inputs and agricultural support policies [84]. Issues that pose a great threat to food security include decreasing soil thickness, the organic matter content and nitrogen content of soil, increasing salinisation of cultivated land and the worsening of soil pollution caused by high production intensity and increased use of chemical fertilizers and pesticides. As a result, the central government has further emphasised strategies for protecting cultivated land in terms of quantity, quality and ecology, and it has promoted the construction of a cultivated land rehabilitation system to comprehensively manage food supply security and food safety [85]. The concept of food security has evolved from the original definition of sufficiency, stability and rights, and now involves even greater sustainability [86].



	(2)

	
Energy consumption security and urban spatial expansion control







Some studies have begun to emphasize the correlation between construction land and energy consumption. For example, a logarithmic mean divisia index (LMDI) model was conducted based on construction land, energy consumption, GDP and total population to analyse the contributions of four influencing factors, namely, energy intensity, economic development, population density, and construction land, to the amount of energy consumption growth. The results showed that an increase in construction land drove energy consumption in terms of production and living conditions [87]. Since industrial land has not only a substitution relationship with intellectual capital, but also a complementary relationship with energy physical capital, the rational allocation of land resources will affect the combination of energy, capital, labour and other factor inputs placed on it, as well as the chosen technology [88]. Newman and Kenworthy demonstrated a strong link between population density and energy consumption (gasoline), which implied that low density gives rise to high energy consumption, while high density reduces energy consumption [89]. This trend has led scholars to think about the relationship between “compact” development patterns and sustainable urbanisation. Some scholars have gradually constructed an interactive relationship between urban land use, energy systems and transportation and analysed the impact of urban space morphology on energy demand. Based on the impact of urban space morphology on travel (transportation) distribution patterns, compact cities have an advantage in terms of energy reduction due to the use of public transportation [90].



Urban spatial expansion reflects the increase in the intensity of human activities, the main production and living activities that generate energy consumption, such as construction, industry, and transportation, all contribute to the rapid increase in carbon emissions. Therefore, controlling urban spatial expansion and promoting the extensive use of urban spaces are important measures for reducing carbon emissions [91]. According to the decoupling analysis, in the short term, it is easy to produce a decoupling phenomenon between the rapid expansion of urban space and energy consumption carbon emissions, but in the long term, this trend is more difficult to sustain. Comparing the impacts of urban spatial expansion, wealth growth and technological progress on carbon emissions from energy consumption through the rebound effect, the positive effect of urban spatial expansion and wealth growth on carbon emissions from energy consumption and the emission reduction effect provided by technological progress offset each other. The emission reduction effect is the result of technological progress. Compared with the series of social impacts resulting from wealth reduction, reasonable control of urban spatial expansion will be one of the key measures for scientifically reducing emissions [92].
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Water security and ecological space protection.







Different types of vegetation can change the land surface characteristics, water balance and surface water temperature through water circulation, which will affect the different processes of runoff, groundwater, and receiving waters. Thus, researchers can establish a strong link between land use types and the quantity and quality of water [93,94]. Water quality is most affected by urban land use, and to some extent is influenced by agricultural land [95], while forestland plays a major role in degrading water pollutants [96]. The evaluation of water security and water management measures with the addition of urbanisation factors has made research challenging. The population explosion and expanded urbanisation have altered the state of water security in terms of both demand and supply [97]. On the one hand, water demand and per capita water consumption have increased dramatically; On the other hand, lakes, watersheds and other ecological environments have been transformed into urban spaces, leading to more severe soil erosion. Water resource constraints limit sustainable urbanisation in terms of four aspects: functional, ecological, economic and institutional [98].




5.3. Dialectical Relationship between Fixability and Flexibility in Territorial Spatial Planning Based on the Nexus Thought


Liu et al. summarised relevant studies considering the 17 UN Sustainable Development Goals (SDGs) through a nexus framework and found that the SDGs [99], such as water, energy, food, health, and bio-protection, are all closely related to studies of nexus relationships, especially the nexus of climate [100], land resources and ecosystems [101]. This provides a feasible example for introducing the Food–Energy–Water Nexus perspective to analyse the relationship between rigid control and flexible governance in territorial spatial planning. Food security, energy consumption security and water security are the core of territorial space utilisation and are closely bound to the themes of agricultural space protection, urban spatial expansion control, and ecological space restoration and control, respectively. Considering the dialectical relationship between the Food–Energy–Water Nexus framework and territorial space provides a new way of rethinking fixability and flexibility in territorial spatial planning, of which the key is the coordination among cultivated land protection policy transformation, urban space sprawl control and ecological space rigid control [80,98].
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The integration of fixability and flexibility in territorial spatial planning embodies the dynamic balance relationship between the two poles of objectives of territorial space development and protection.







The fixability and flexibility in territorial space use regulation are reflected in the strength of space control and show the dynamic balance between territorial space development and protection in profile. The foundation for the integration of fixability and flexibility is seeking the optimisation of territorial space patterns under the threshold of the habitat bottom line [2,102]. For example, the “fixability” boundary, which is the red line that cannot be exceeded by urban spatial expansion according to the tenets of the bottom line, is not allowed to be modified in principle and is eternal. The “flexibility” boundary reflects the urban spatial expansion demand at different developmental stages. Under the principle of “stick to the bottom line, keep to the dynamic balance”, a flexible urban development boundary adjustment mechanism that can balance the contradiction between urban development demand and sprawl control tools is key to the integrating fixability and flexibility in territorial spatial planning [103].



First, the protection of agricultural space consisting mainly of cultivated land directly affects the stability of agricultural development. Thus, the current territorial spatial planning determines “the cultivated land quantity” and “the permanent basic farmland protection area” as fixability control quotas based on food security demand, which is an important bottom line related to the supply capacity of regional food resources [104]. Second, the delineation and control of the ecological protection red line, based on the “mountain–water–forest–field–lake–grass” protection system and aimed at ensuring ecological security centred on the water resource cycle, is an ecological bottom line related to the state of satisfying the demand for water resources of the ecological components within the regional ecosystem. In addition, it allows for continuity and the ability to provide clean water to the outside [105]. Third, the expansion demand of construction and industry development from production and living activities in the region, especially in the city centre, is a requirement that must be met to achieve socioeconomic development. However, considering the emission reduction requirements of energy consumption, the space expansion of cities and towns needs to be reasonably controlled [106]. In summary, the integration of fixability and flexibility in territorial spatial planning focuses on the trade-offs and choices between two patterns. One is led by protection-oriented goals centred on cultivated land protection and ecological land protection. The other is led by development-oriented goals centred on socioeconomic development. Flexibility development goals should be based on the realisation of fixability protection goals [60].
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Flexible land use space under fixable constraints is a paradigm innovation for future-oriented planning and implementation.







With the further development and application of flexible theory and planning practice, research has focused on the study of “flexible development zones” (or “flexible spaces”). In theory, since various disciplinary methods have not properly solved the processes and variable problems of connecting humans and space, various models’ ability to explain or predict space development for the expression of the process of national space change is still very limited. Accordingly, to strengthen the flexibility of the development and utilisation of national space, “blank space” should be set up, with the control thinking of territorial spatial planning changing from the “filling all” type to the “framework core” type [2]. The mechanism of blank space consists of a series of flexible land use management practices and mechanisms, mainly in terms of quota, space and timing flexibility, which can support a certain space flexibility for urban development. Specific cases of implementation include the “permitted zone” in Japan, the “blank space” in Singapore, and the “other formulated-use functional zone” in Hong Kong, China. Technically, the land use structure and space layout can be flexibly optimised and configured by combining the interval optimisation model and space analysis methods [107].



Research focuses on determining the “degree” of flexible space, while the logical starting point is the trade-off and coordination among the objectives of food security, socioeconomic development and ecological protection. Taking the protection of cultivated land as an example, the performance evaluation of cultivated land control measures is based on the realisation of food security, rather than the protection effect of the cultivated land quantity, while considering the satisfaction of the urban spatial expansion demand and ecological protection [80]. Based on the dynamic disturbance mechanism of urban expansion on ecological security patterns, Liu and Liu formulated multi-scenario planning programs, evaluated the corresponding landscape ecological risks, and formulated flexible development spaces and strategies based on different development demands [108]. Gu et al. proposed that fixability and flexibility in territorial spatial planning are contradictory opposites; overly rigid planning can make planning too dull, which will decrease the operationalisation and increase the difficulty in planning implementation, thus affecting the function of planning and regulation. In contrast, when planning lacks fixability, the planning rules will be insufficiently mandatory, leading to a significant loss in relation to planning regulations [109].





6. Discussion and Conclusions


The integration of fixability and flexibility in territorial spatial planning has always been a research hotspot. This paper combines relevant research on fixability and flexibility in territorial spatial planning from the perspective of territorial spatial protection and development. After understanding the conflicts of fixability and flexibility, this paper summarizes current research on the dialectical relationship between fixability and flexibility in territorial spatial planning based on the Food–Energy–Water Nexus to provide ideas for research on the integration of fixability and flexibility. The results show as the following:
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Chinese planners and researchers have established a set of theories and tools for integrating the development–protection relations, while those from developed Western countries are not entirely applicable to China.









First, most developed Western countries have successfully achieved high levels of urbanisation and entered a stable stage of urbanisation. The driving force for urban spatial expansion is not as strong as that in developed countries, and most Western countries have relatively stable urban spatial forms, which is significantly different from China’s national conditions, which are still in the process of urbanisation development. Secondly, although some Western countries also implement mandatory planning and control measures to reduce the externalities of spatial development and utilisation, reasonably allocate national spatial resources, and coordinate development and protection conflicts, their national spatial development and utilisation are still mostly dominated by market mechanisms, and the government plays a regulatory and normative role in the scale, structure and layout of national spatial development through planning. At present, as the world’s largest developing country, China still has significant potential for development in industrialisation and urbanisation. There are significant differences in social development and institutions between China and western countries. Therefore, Chinese planners and scholars should innovate an integration system of the fixability–flexibility relations in territorial spatial planning to address the rapid development of urbanisation and industrialisation.
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A more complex and changeable circumstance makes it difficult to grasp the territorial spatial planning control degree (“Du” in Chinese).







Based on the profound interpretation of the concepts of uncertainty and irrationality, numerous Chinese scholars are committed to the dynamic balance between fixability and flexibility. They seek to summarize problems under the two extremes, such as too much fixability or flexibility. In addition, they investigate the integration mechanisms of fixability and flexibility in territorial spatial planning, which are mainly related to the allocation of planning authority between the central and local governments, and they focus further attention on the optimisation of the land use structure and the evaluation of flexible planning in uncertain environments. With further development of the market economy, China will face a more open and uncertain market environment, and the elements of bottom-line constraints and flexible planning will continue to collide, which will cause “traditional-precise” territorial spatial planning to turn into “framework-strategic” planning based on directional concepts [2]. It is necessary to strengthen the analysis of the possibility of future space development and protection, deepen the discussion about the basic path of coordinating rigid control policies with flexible supporting development measures and focus on the delineation and management of the critical control line of the national land space under bottom-line thinking, as well as the optimisation of the scale and layout of flexible space.
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The fragmented goals of territorial spatial planning from a single perspective overlook the complexity and systematicity of the requirements of regional sustainable development.







With the continuous development of computer technology and models, the number of land space optimisation objectives has gradually increased from a single objective function to a multi-objective function and then to the development of high-multi-objective optimisation technology. The optimisation objectives of the scale structure of land space can reach more than 10 objectives for consideration simultaneously. However, planning objectives often appear as fragmented requirements in territorial spatial planning, and the diversity requirements of territorial spatial planning and the correlation between the objectives are not considered. For example, the strictest cultivated land protection system from the perspective of rigid constraints considers only the protection of cultivated land quantity itself, ignoring the negative impact of cultivated land protection policies on ecological land. On the one hand, the trend of decreasing high-quality cultivated land has not been halted. On the other hand, maintaining the dynamic balance of cultivated land through cultivated land development affects regional ecological environmental protection at a deeper level. With the increasing systematicity and complexity of regional development, analysing the correlation between territorial spatial planning objectives from different perspectives as the theoretical basis for the optimising the land space structure and layout will become the focus of future research.
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A unified and complete analytical framework for sustainable development has not yet been formed to explain the dialectical relationship between fixability and flexibility in territorial spatial planning.







The theory, quantitative methods and integrated approach of the Food–Energy–Water Nexus have gradually formed a relatively mature framework for application in sustainable development analysis. However, despite extensive research on the interactions between food, energy, water resources and agriculture, as well as urban and ecological space, most research has focused on three aspects: food security and agricultural space protection; energy consumption security and urban spatial expansion control; and water security and ecological space protection. Research exploring sustainable territorial spatial development and use based on the Food–Energy–Water Nexus is scarce, and the topic is still limited to qualitative research. Few studies have applied the Food–Energy–Water Nexus framework to the construction of land space planning theory and methods; thus, constructing a systematic analysis framework for territorial spatial planning is necessary. The study of the pairwise interactions between food, energy and water resources and agricultural space, urban space and ecological space, as well as the “core” analysis method of the relationships between food, energy and water, will provide a new perspective from which to systematically and comprehensively analyse the integration of fixability and flexibility in territorial spatial planning.



For further study, from the perspective of the Food–Energy–Water Nexus, the integration of fixability and flexibility in territorial spatial planning can be applied to the transformation of fixability and flexibility strategies and tools for realising sustainable territorial spatial utilisation and protection. The three key objectives of sustainable development, namely, food security, energy consumption security and water security, should be related to territorial spatial planning, agriculture space protection, urban spatial expansion control and ecological space protection. Then, the synergistic or trade-off outcomes of different combinations of fixability or flexibility planning tools for agriculture, urban and ecological space should be researched with multi-scenario analysis methods so that the most suitable planning strategies and tools can be chosen.



In practice, the Chinese government should pay attention to all of the key objectives of planning from the “First eat, second development, third preserve environment” planning strategy. In 2019, the General Office of the Central Committee of the Communist Party of China and the General Office of the State Council announced Guiding Opinions on the Coordinated Delimitation and Implementation of Three Control Lines in Territorial Spatial Planning, requested that “the strictest ecological environment protection system, farmland protection system, and land conservation system be implemented”. These systems take the ecological protection red line, permanent basic farmland zoning and urban development boundary as insurmountable red lines for adjusting economic structure, programming industrial development and encouraging urbanisation development. Specifically, local governments were requested to define ecological protection red lines based on ecological functions and implement mandatory and strict protection measures, designate permanent basic farmland zoning in accordance with quality and quantity requirements and implement permanent special protection, as well as define urban development boundaries in accordance with the requirements of intensive, moderate and green development.



To balance the development-oriented planning strategies of local governments with the protection-oriented planning strategies of the central government, this paper claims that the transformation of cultivated land protection policies will become key to the integration of fixability–flexibility relations, based on the “core” analysis thought. Firstly, it is necessary to change the quantity-oriented cultivated land protection system to a quality-oriented system, which means strengthening the rigid control of permanent basic farmland protection zones while weakening the rigidity of cultivated land tenure quantity quotas. Secondly, the local government performance evaluation system should be changed to a comprehensive system, taking the indicators for evaluating the efficiency and intensification of construction land, such as per capita urban construction land, as the priority assessment indicators. At the same time, the flexibility of the newly added construction land quotas should be improved to satisfy development demands. Thirdly, Chinese governments should prioritize the rigid control of ecological protection zoning, the bottom line of ecological environmental security for a country and regions, by prohibiting any land occupation and cultivated land development activities. Moreover, the compensation systems for production function of cultivated land and ecological function should be conducted.



This paper noted that lacking systematic thinking in the drafting and implementation stage is one of the key reasons for the fixability and flexibility conflict issues in territorial spatial planning. Therefore, this paper attempts to explore the application of the Food–Energy–Water Nexus in order to respond to the dilemmas of integration of fixability and flexibility in planning, after considering the relationship between the land space and Food–Energy–Water Nexus. Theoretically, it provides a new perspective from which to think about the integration of conflicts in territorial spatial planning. Practically, it argues about comprehensive and systematic research methods for territorial spatial planning drafting and implementation, because of the trade-offs of different planning tools. In order to promote applications of the Food–Energy–Water Nexus in planning research, case studies exploring the choice of model and simulation are warranted, and these factors should be elaborated on in other studies.
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Note


	
1

	

Cultivated land tenure quantity quota refers to the cultivated land area in a region that should be protected. Newly added construction land quota refers to the construction land area that has recently been added to a region. Newly added construction land occupying cultivated land quota refers to the construction land area newly added by occupying cultivated land. Cultivated land occupation balance quota refers to the supplementary area of cultivated land in a region has been requested because of the dynamic balance system of cultivated land. Permanent basic farmland tenure quantity quota refers to the permanent basic farmland area in a region that should be protected.
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Figure 1. Research process for the literature review. 
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