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Large-scale infrastructure projects often cause population displacement, creating challenges for land adaptation and socioeconomic integration in resettlement areas. This study examines Z Town, a reservoir-induced urbanized resettlement site in central China, using an improved Pressure–State–Response (PSR) framework to construct a multidimensional evaluation system. Results show that land use intensity (0.262) lags behind socioeconomic development (0.335), with institutional inertia and mismatches between land functions and residents’ needs as key barriers to coordination. This study contributes in two ways: 1) extending the PSR framework to resettlement research and providing a replicable tool for assessing land–society coupling; and 2) identifying land carrying capacity, resident satisfaction, and land allocation efficiency as critical constraints, offering practical entry points for policy. While based on a single case, the approach and findings are broadly applicable to dam resettlement, mining relocation, and ecological migration, underscoring the need to align land restructuring with human-centered development for sustainable and inclusive growth.
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1 INTRODUCTION
With the continuous growth of the global population and the expansion of the world economy, the limited availability of land resources has become a critical constraint on sustainable development. The contradiction between the ever-increasing demand for land and its finite supply is becoming increasingly pronounced (Rulian and Hongyi, 2020). In response to this challenge, most developed countries—such as the United States, European nations, and Japan—have adopted intensive land-use strategies to balance economic growth with resource conservation. However, China’s model of intensive land use developed during its rapid urbanization process has gradually exposed a series of economic and social problems (Peng et al., 2014). Specifically, some regions have experienced disorderly urban expansion, low land-use efficiency (Xiong et al., 2021), and inadequate protection of farmers’ rights during land expropriation, which has resulted in frequent land disputes and social conflicts (Peng et al., 2014). Therefore, the rational development and scientific management of land resources have become essential for promoting high-quality and sustainable development.
Land-use issues become even more complex in the context of large-scale population displacement and land reallocation triggered by major reservoir construction projects. The way land is used in reservoir resettlement areas not only reshapes local socioeconomic structures but also exerts long-term and far-reaching impacts on regional ecological environments (Shaojun et al., 2022). Against this backdrop, exploring coordinated development pathways for intensive land use in resettlement areas is of great theoretical and practical importance for promoting sustainable development in these special regions (Zhi et al., 2017).
From a systemic perspective, land use represents a typical coupled “nature–society–economy” system (Zhang et al., 2005). Within this system, the concept of intensive land use has emerged as a strategic response to the scarcity of territorial space. It emphasizes maintaining a dynamic balance among population, resources, and the environment, as well as achieving synergy across economic, social, and ecological benefits. By controlling development intensity, optimizing spatial structures, and adjusting industrial layouts, intensive land use can drive regional industrial restructuring and promote the transformation of development models. From a supply-side perspective, intensive land use not only facilitates resource integration and factor reallocation but also supports regional green transformation and high-quality development (Jiang and Zhou, 2024).
Reservoir resettlement areas typically face severe constraints on land resources. Under limited construction land quotas, how to balance the multiple demands of resettlement, livelihood, and infrastructure development while ensuring the efficient and sustainable use of land has become an urgent challenge (Weixiang et al., 2021; Kexin et al., 2023). This issue is particularly pronounced for “landless resettlers,” who experience a fundamental shift in livelihood after relocating from rural to urban areas. For these groups, land allocation and spatial planning become even more complex, requiring systematic and integrated responses within the broader framework of national territorial spatial optimization.
Existing studies on intensive land use can generally be divided into four major categories: 1) conceptual and theoretical discussions on the connotation and fundamental principles of land-use intensification (Sun et al., 2015; Hui et al., 2015); 2) evaluation studies of intensive land use at different spatial scales and for different land-use types (Yin et al., 2020; Zhang Y. et al., 2020); 3) analyses of influencing factors using diverse methodological approaches (Zhang P. et al., 2020; Gao et al., 2024); and 4) explorations of land-use intensification models, policy assessments, and optimization strategies (Yang et al., 2018; Chao et al., 2024). In the context of resettlement areas, although previous research has identified systemic issues such as land-use functional mismatch and institutional inertia, there remains a lack of an integrated analytical framework capable of quantifying their socioeconomic consequences and elucidating the underlying mechanisms (Gui et al., 2023; Siabi et al., 2025). In recent years, advances in the fields of smart cities and healthy cities have provided new perspectives to address these gaps. Growing evidence indicates that land-use patterns—such as the spatial configuration of blue–green infrastructure and the degree of functional mix—significantly affect residents’ mental health and subjective wellbeing, underscoring the crucial role of health-oriented planning in enhancing community sustainability (Chi and Mak, 2021). Against this backdrop, the adoption of emerging technologies such as big data analytics and artificial intelligence has further expanded research paradigms (Hammad et al., 2019; Wu et al., 2023). By integrating urban data streams—such as street-view imagery and social media data—researchers are now able to quantitatively identify the associations between the built environment and residents’ psychological wellbeing, thereby offering new pathways to understand the complex interactions within the “land–society” system (Shao and Min, 2025). Meanwhile, the rise of systematic theoretical frameworks such as neuroarchitecture and healthy urban design is driving the gradual incorporation of social wellbeing objectives—including mental health and livability—into standardized territorial spatial planning processes (Kalantari et al., 2019; Zhang et al., 2024a).
Three key gaps remain. First, there is no robust framework to quantitatively capture coordination between land-use transformation and socioeconomic adaptation, with much existing work limited to descriptive or macro-level analyses (Pan Y. et al., 2024). Second, indicators for multidimensional coordination in non-agricultural contexts are underdeveloped (Wang et al., 2023a). Third, institutional and governance dynamics—such as inertia, policy lag, and land-function mismatches—are often overlooked despite their role in driving spatial–social asynchrony (Qiao et al., 2023; Kou et al., 2024).
This study makes three main contributions. First, it develops a modified Pressure–State–Response (PSR) framework tailored to landless resettlement areas, providing a more systematic tool for evaluating land–society coordination. Second, through an empirical study of Z Town, a representative urbanized resettlement site in central China, it illustrates the interactive relationship between land-use transformation and socioeconomic development in the context of involuntary urban resettlement. Third, it identifies institutional inertia and land–livelihood mismatches as critical barriers to coordinated development. In the context of resettlement areas, coupling and coordination refers to the dynamic interactions between land systems and socio-economic systems, reflected in a synergistic co-evolutionary process whereby the optimization of land-use structures and socio-economic development mutually reinforce each other. By explicitly delineating these interactions, this concept provides a theoretical foundation for understanding how land-use transformations and socio-economic development progress in a coordinated manner within resettlement areas. Overall, the study not only deepens understanding of this distinctive resettlement paradigm but also proposes a transferable analytical framework with relevance to dam-induced resettlement, mining relocation, and ecological migration, thereby contributing new insights to global debates on sustainable urban transformation (Peng et al., 2021; Peng et al., 2022).
2 ANALYTICAL FRAMEWORK
2.1 Construction of intensive land use evaluation systems
Land intensive utilization refers to the process of maximizing the economic, social, and ecological benefits per unit of land area under limited land resources through optimized spatial configuration, enhanced resource-use efficiency, and sustainable management practices (Zhi et al., 2017). Its core objective is to improve the comprehensive carrying capacity and productivity of land within constrained spatial conditions, thereby promoting efficient and sustainable land use. Specifically, urban land intensive utilization primarily concerns the built-up areas of cities, aiming to accommodate larger populations and economic activities within limited land resources. This is achieved by promoting compact urban development, increasing land-use efficiency, and enhancing the density of public services, thus mitigating the encroachment of uncontrolled urban expansion on farmland and ecological spaces (Zhao et al., 2025). In contrast, rural land intensive utilization focuses on rural territories and emphasizes the coordinated allocation of agricultural production, ecological protection, and rural construction land. Key approaches include farmland consolidation, the reutilization of idle homesteads, and agricultural modernization. These measures help to enhance both the scale and spatial efficiency of agricultural production, improve rural living environments, promote sustainable agricultural development, and safeguard national food and ecological security (Sun and Qin, 2021). Meanwhile, resettlement-area land intensive utilization represents a specific category of planning and practice that applies to concentrated residential areas formed through engineering projects, ecological migration, or urban renewal. Its core concern lies in achieving an optimized land-use structure and spatial layout under the dual goals of livelihood reconstruction and ecological protection, ensuring the integrated development of production, living, and ecological spaces. Unlike ordinary urban or rural areas, land intensive utilization in resettlement zones places greater emphasis on achieving a coordinated balance among social, environmental, and land-use efficiency within limited resettlement land resources. This approach seeks to prevent the emergence of inefficient, isolated residential enclaves and to promote sustainable and integrated development within resettlement areas.
Therefore, this article combines the characteristics of the reservoir resettlement land and the special geographical factors of the town resettlement area, from the three levels of pressure, status and response, with the goal of accurately measuring the land use level in the resettlement area (Cheng et al., 2022). The PSR structure model was proposed by the Economic Cooperation and Development Organization (OECD) and the United Nations Environmental Planning Department (UNWP) as a data analysis model for use in evaluating the impact of human activities on the ecological environment and the socioeconomic activities that occur in response (Haoxuan, 2017). The PSR model includes three subsystems: P for pressure, S for state, and R for response. Today, the PSR model has become one of the most commonly adopted and scientific research methods in the field of land resource utilization (Yu et al., 2023; Pan H. H. et al., 2024).
The pressure indicators are used to measure the pressure caused by intensive land use in the resettlement area, such as the resettlement housing floor area ratio, and building density, and includes a total of four indicators (Kexin et al., 2023). State indicators are used to measure the current status of and changes in land use, such as the land use structure diversity index and the proportion of residential land to total construction land, and include a total of four indicators (Cheng et al., 2022). Response indicators are used to measure the implementation status of relevant policies and measures, such as participation in resettlement area planning and migrants’ satisfaction with life in the resettlement area, and include a total of three indicators (Haoxuan, 2017). The specific indicators are shown in Table 1 below:
TABLE 1 | Intensive land use indicators.	Target layer	System layer	Serial number	Indicator layer	Unit
	Intensive land use	Pressure	P1	Resettlement house floor area ratio	%
	P2	Building density	%
	P3	Land population carrying capacity	person
	P4	Road network density	km/km2
	State	S1	Land use structure diversity index	%
	S2	Proportion of residential land to total construction land	%
	S3	Proportion of public facilities land to total construction land	%
	S4	Green space coverage	%
	Response	R1	Participation in resettlement area planning	%
	R2	Migrants’ satisfaction with life in the resettlement area	%
	R3	Total construction investment per area	Ten thousand yuan/km2


2.2 Construction of the socioeconomic development system
This study integrates the socioeconomic development characteristics of reservoir resettlement areas with the objective of accurately evaluating development levels across both economic and population dimensions (Deng and Song, 2025). The population subsystem serves as the foundation of socioeconomic development in resettlement areas, encompassing key demographic features such as population size, density, and structure. In contrast, the economic subsystem functions as the core driving force of development, reflecting not only the region’s overall strength in resource endowment and capital accumulation but also the livelihood quality and economic vitality of migrant communities (Li T. et al., 2024). These two subsystems are interrelated and mutually reinforcing, together constituting the essential dimensions for assessing socioeconomic development. Accordingly, this study constructs an indicator system for evaluating the socioeconomic development level of the W Reservoir resettlement area (Z Town), taking both economic and population subsystems into account (Bian et al., 2024).
A total of eight measurable, accessible, and representative indicators were selected, including five economic and three population indicators. Within the economic subsystem, in addition to the core indicator of per capita income of migrants (E1), two other indicators—power supply capacity (E2) and commercial sales per unit area (E3)—were incorporated. The former represents a fundamental input for economic activity and modern living quality, serving as an enabling condition and leading indicator of regional development. The latter directly measures the density and efficiency of commercial activities, reflecting the vibrancy of local consumption markets and the capacity to generate non-agricultural employment opportunities. Together, these indicators capture how the level of economic development translates into improved livelihood outcomes for migrants through both infrastructural support and market dynamism. Within the population subsystem, indicators such as the proportion of the working-age population (P2) and the share of employment in the tertiary sector (P3) further capture the structure and quality of the migrant labor force, revealing its potential for transition toward higher value-added sectors—an essential factor for sustaining livelihoods in the long term (Chen X. et al., 2023). Based on this conceptual logic, eight measurable and representative indicators were ultimately selected, as presented in Table 2.
TABLE 2 | Socioeconomic development indicators.	Target layer	System layer	Serial number	Indicator layer	Unit
	Socioeconomic development	Economy	E1	Per capita income	yuan
	E2	Amount of power supplied	million kw
	E3	Sales volume of shops per unit area	ten thousand yuan/km2
	E4	Total area revenue	ten thousand yuan
	E5	Per capita living consumption expenditure	yuan
	Population	H1	Population density	person/km2
	H2	Proportion of labor force population	%
	H3	Total population	person


2.3 Construction of collaborative development mechanisms
Coupling was first proposed as a physical concept in physics, referring to the process of the interaction, mutual influence, and division of transmission energy and information of circuit components or electrical networks (Zhan et al., 2024). In recent years, the coupling method has been widely used in the field of land management to explore the complex interactions among land, economic and social systems and has shown unique advantages (Bian et al., 2024). Coordination refers to the harmonious interaction and virtuous cycle among system components, serving as a key feature of sustainable and healthy development. The degree of coordination indicates the extent to which systems achieve synchronized and sustained growth. The notion of coupled coordination development highlights the organic unity of “coupling–coordination–development,” representing a continuous process in which interrelated subsystems evolve from low-level cooperation toward a high-level, ordered state (Gong et al., 2019).
Assessing the intensity of land use and determining whether it aligns with socio-economic development needs are critical for achieving balanced and sustainable regional development. This study integrates the evaluation systems of land-use intensification and socio-economic development to construct a dynamic coupling coordination framework, aimed at revealing their internal evolution mechanism. Distinct from conventional static coupling approaches, this study embeds the Pressure–State–Response (PSR) model to capture the causal feedback chains of drivers–effects–adjustments within the land-use intensification subsystem, and its dynamic interactions with the socio-economic subsystem composed of population and economic dimensions (Chongbin, 1999).
In this framework, the pressure dimension represents external driving forces and constraints—primarily the environmental and spatial pressures induced by intensive land use. These pressures act as the fundamental forces shaping spatial structures and resource-use efficiency. The state dimension captures the outcomes of these pressures, namely, the current level of land-use intensification, reflected in indicators such as land-use efficiency and ecological performance. The response dimension encompasses the feedback actions taken to address imbalances revealed by the system state, including policy adjustments, spatial planning optimization, and management interventions. These responses in turn modify the original pressures, forming a cyclical feedback mechanism. Collectively, these three dimensions constitute a self-organizing, closed-loop feedback system, in which external pressures alter the system state, state changes trigger social responses, and responses subsequently mitigate or reinforce pressures—driving continuous self-adjustment and adaptation. The land and socio-economic systems thus interact dynamically through flows of energy, information, and policy, rather than existing as parallel entities (Chen et al., 2025).
In resettlement areas, scientifically planned and intensively managed land provides the material foundation for sustainable socio-economic development. Under the support of regional resources, spatial configuration, and infrastructure, improved land-use efficiency ensures the spatial and material basis for economic expansion and welfare enhancement. Conversely, socio-economic development influences land-use intensity and structure through changes in population distribution, industrial structure, and infrastructure demand, forming a feedback-driven, co-evolving land–economy–society system (Li C. et al., 2024).
At the pressure level, the land subsystem provides spatial capacity and physical support for socio-economic activities. Initial land development strategies (e.g., floor area ratio and building density) define the physical boundaries and development potential of resettlement communities, influencing their population-carrying capacity and commercial activity (e.g., retail sales per unit area). At the state level, the efficiency and structure of land use determine the operational quality of the socio-economic system. A functionally mixed land-use pattern (e.g., a land-use structure diversity index) promotes employment–residence integration and enhances tertiary sector employment, while a balanced residential land ratio ensures livability and strengthens social stability through higher migrant satisfaction. At the response level, land management and planning interventions shape institutional adaptability and governance effectiveness. Participatory land-use planning—in which migrants are involved in resettlement design—ensures that land allocation reflects local livelihood needs and community aspirations, thereby enhancing endogenous development capacity and social cohesion. This participatory process functions as an investment in social capital, with effects ultimately reflected in per capita income and overall socio-economic performance.
The two subsystems affect each other, promote each other, and operate together in a unified set of mutual contradictions (Chowdhury et al., 2024). First, effective planning for resettlement area land is a material basis and prerequisite for the sustainable development of the social economy of migrants. With the support of regional land resources and other elements, the growth of land use benefits provides resource, supply and security functions for the growth of social and economic benefits. Intensive land use and socioeconomic development develop in coordination in the same physical space; this coupling can be regarded as the epitome of the concept of sustainable development in the mesoscopic field of reservoir resettlement planning.
During this coupling process, subsystems evolve toward either equilibrium or imbalance. The “obstacle factors” identified through the obstacle degree model represent feedback deficiencies or adaptive limitations within the PSR causal chain. Integrating obstacle diagnosis with the PSR-based coupling coordination framework helps to elucidate the internal mechanisms driving the transition from inefficient feedback to effective coordination, offering theoretical insights for optimizing policy interventions and enhancing system adaptability and resilience. The conceptual framework is illustrated in Figure 1.
[image: Flowchart depicting the interaction between pressure, state, economy, population, and response in land use and socio-economic development subsystems. Arrows indicate relationships such as pressure influencing state, economy affecting population, and responses impacting planning. The chart emphasizes the coupling and coordination between intensive land use and socio-economic development in resettlement areas.]FIGURE 1 | Map of the intensive land use and socioeconomic development coupling coordination mechanism of reservoir migration areas.3 MATERIALS AND METHODS
3.1 Study area
The site of the W Water Conservancy Hub Engineering Dam is located in Luotan town, Jingdezhen. The project mainly involves flood prevention but also has the functions of water supply and power generation. The project involves 31 migrant resettlement areas. Z Town is located in northeastern Fuliang County. The Z Town resettlement area is one of the largest, with the largest population, and is the only migrant resettlement area in the form of an urban collective town. In accordance with the relevant requirements of migration resettlement of the W Reservoir, migrants who require resettlement to Z Town are not involved in the deployment of productive land (paddy fields and dry land). Therefore, the Z Town resettlement area no longer has productive agricultural land. After migrants are relocated, they will not rely on land to maintain their living standards and will instead maintain their livelihood through other channels. Z Town Migration Source Construction is divided into residential construction and nonresidential housing construction. In summary, the Z Town resettlement area holds significant representativeness and research value in terms of scale, landv-use patterns, socioeconomic development trajectory, and urbanization processes. By selecting this area as our research focus, we aim to provide a unique and valuable case study that elucidates the intricate coupling between land intensification and socioeconomic development. The geographical location of the Z Town resettlement area is shown in Figure 2 below.
[image: A composite map highlighting the resettlement area in Z Town. The right section shows a topographic map with elevation indicated by colors, blue to red. The upper left inset map indicates the location within China, and the lower left inset shows its position in a specific province, both marked in yellow. North is indicated at the top of each map.]FIGURE 2 | Study area.From a long-term perspective, large-scale reservoir projects such as the W Water Conservancy Hub fundamentally reshape regional hydrological patterns and geomorphological structures, profoundly transforming the land-use system and its ecological foundation (Chowdhury et al., 2024). Inundation leads to the permanent loss of cultivated and forest land, while the construction of resettlement areas and related infrastructure drives the expansion of built-up land into agricultural and ecological spaces. This process restructures land-use patterns and weakens ecosystem functions, manifested in habitat fragmentation, biodiversity loss, and the degradation of ecological service capacity. The continuous operation of the reservoir further drives the spatiotemporal evolution of land use in both the reservoir and receiving areas, compelling the region to constantly seek a new equilibrium among production, living, and ecological spaces.
While the empirical findings of this study are derived from the specific context of Z Town, the research site embodies a set of characteristics that are increasingly representative of resettlement challenges in the era of rapid urbanization and infrastructure development. Unlike traditional agricultural resettlement models, Z Town’s unique “landless” resettlement approach—where migrants are decoupled from productive land and must integrate into non-agricultural sectors—represents a critical and growing paradigm. This model is particularly relevant for resettlement areas adjacent to urban centers or those driven by national strategies that prioritize industrial and service-oriented economies over agrarian ones. The socio-economic tensions and land-use governance issues revealed in Z Town, such as institutional inertia in land allocation and the mismatch between urban-built environments and residents’ livelihood needs, are not isolated phenomena. Instead, they offer a valuable lens through which to anticipate and analyze challenges in other regions undergoing similar forced transition. Therefore, the insights gleaned from this case study extend beyond a single locality; they contribute to a broader theoretical understanding of the intricate coupling between land intensification and socio-economic adaptation in contexts of involuntary, non-agricultural resettlement. The lessons from Z Town are crucial for policymakers and planners in designing more integrated and human-centered resettlement programs for infrastructure projects worldwide.
3.2 Data sources
The real values used in the analysis of the social and economic development of the Z Town resettlement area and the current status and infrastructure status of the Z Town resettlement zone involved in the institute are mainly from the W Reservoir Hub Engineering Project Headquarters, Z Town Resident Committee, and on-site survey data from an investigation carried out by the W Reservoir Hub Project Z Town resettlement area. The data presented in this article were collected at a critical time point following the successful completion of the resettlement efforts for Z Town, related to the W Reservoir, specifically in the year 2020. The ideal values for the index are mainly from the following three sources: 1) the state-promulgated documents on the construction of town planning, mainly including the “Village Planning Standards” (GB50188-93) and the “Town Planning Standard” (GB50188-2007); 2) the “W Detailed Plan for the Control of the County Z Town” and the “Water Conservation Hub Engineering Migration Resettlement Plan”; and 3) the “Report on the Completion of the Migration of the Water Conservancy Project for Loans”.
3.3 Methods
3.3.1 The comprehensive evaluation model
First, the evaluation indicators are standardized using the ideal value proportion method. Second, the weights of the indicators are determined through the Analytic Hierarchy Process (AHP) (Dongyan et al., 2022). Finally, the comprehensive scores are calculated based on the data of various indicators across the Pressure, State, and Response subsystems. The calculation formula is as follows:
L=SP∑i=1nWiYi+SS∑i=n+1mWiYi+SR∑i=m+1lWiYi(1)
where L represents the comprehensive value of intensive land use; SP, SS and SR are the weights of the three subsystems in terms of pressure, state, and response, respectively; n, m and l are the numbers of indicators of each subsystem; Wi represents the weight of the i-th indicator; and Yi represents the value after the i-th indicator is standardized. This study uses an ideal value ratio calculation method to achieve numerical standardization.
The comprehensive score of intensive land use can be obtained according to Formula 1. The results of the intensive land use classification of Z Town are determined with further reference to the existing research on land issues in urban areas and relevant intensive land use regulations, as shown in Table 3.
TABLE 3 | Classification of intensive land use.	Intensive land use	Not intensive	Minimally intensive	Basically intensive	Moderately intensive	Highly intensive
	Overall ratings	L < 0.2	0.4 > L ≥ 0.2	0.6 > L ≥ 0.4	0.8 > L ≥ 0.6	L ≥ 0.8


The comprehensive calculation model of social and economic development should be the result of comprehensive calculations of various indicators of the two subsystems of the economy and population. The calculation formula is shown below (Formula 2):
U=SE∑i=l+1jWiYi+SH∑i=j+1kWiYi(2)
where U represents the comprehensive value of the development level of the migrating society; SE and SH are the weights of the two subsystems of the economy and population, respectively; j and k are the number of indicators of each subsystem; Wi represents the weight of the i-th indicator; and Yi represents the values of the i-th index.
A comprehensive score of socioeconomic development can be obtained based on Formula 4 and relevant research on the level of socioeconomic development in existing urban areas (Ting and Fawen, 2021), as shown in Table 4.
TABLE 4 | Social and economic development level division.	Development level	Extremely low	Mid low	Lower	Medium	Higher	Mid high	Extremely high
	Overall ratings	U < 0.3	0.3 ≤ U < 0.4	0.4 ≤ U < 0.5	0.5 ≤ U < 0.6	0.6 ≤ U < 0.7	0.7 ≤ U < 0.8	U ≥ 0.8


3.3.2 Improved coupling coordination model
The coupling coordination model is useful at the level of coordination between different subsystems (Shi et al., 2024). It can also reflect the synchronization of the development speed and direction of the two subsystems and the comprehensive development level of the two subsystems. The improved coupling coordination model calculation formula is as follows (Wang et al., 2023b):
C=2L×UL+U2(3)
where L represents the comprehensive value of intensive land use, U represents the comprehensive value of the level of socioeconomic development, and C is the coupling of the intensive land use level and socioeconomic development level index.
T=αL+βU(4)
α=LL+U, β=UL+U(5)
where α is the importance coefficient of intensive land use, β is the importance coefficient of socioeconomic development, and T is the comprehensive index of the level of intensive land use and the level of socioeconomic development. In the traditional coupling coordination degree model, the weight coefficients α and β are typically preset to 0.5, implicitly assuming that the two subsystems—land intensive utilization and socio-economic development—contribute equally to the coordination process. To address this limitation, the present study adopts an improved model in which the weights are dynamically determined according to the relative contributions of each subsystem to the comprehensive evaluation of development levels (Formula 5). This approach assigns greater weight to subsystems with higher development levels and stronger internal driving forces, allowing them to exert a more significant influence on the coupling coordination degree.
D=C×T(6)
where D is the coupling coordination of the two systems. When D is higher, the degree of coupling coordination between subsystems is greater, indicating that intensive land use matches the level of socioeconomic development in the resettlement area. A lower value of D indicates uncoordinated development. According to previous research (Wang et al., 2023b), this article divides the coupling coordination index D, and the specific results are shown in Table 5.
TABLE 5 | Coupling coordination level division table.	Categories	D	Subgroup	Development modes
	Balanced development	0.8 < D < 1	high-level development	L < U	High coordination—lagging intensive land use
	L = U	Advanced coordinated development of intensive land use and socioeconomic development
	L > U	High coordination—lagging socioeconomic development
	0.7 < D < 0.8	favorably coordinated development	L < U	Good coordination—lagging intensive land use
	L = U	Favorably coordinated development of intensive land use and socioeconomic development
	L > U	Good coordination—lagging socioeconomic development
	Transitional development	0.6 < D < 0.7	moderate coordination	L < U	Moderate coordination—lagging intensive land use
	L = U	Appropriately coordinated development of intensive land use and socioeconomic development
	L > U	Moderate coordination—lagging socioeconomic development
	0.5 < D < 0.6	basic coordination	L < U	Basic coordination—lagging intensive land use
	L = U	Basically coordinated development of intensive land use and socioeconomic development
	L > U	Basic coordination—lagging socioeconomic development
	0.4 < D < 0.5	low-level coordination	L < U	Low-level coordination—lagging intensive land use
	L = U	Lowly coordinated development of intensive land use and socioeconomic development
	L > U	Low-level coordination—lagging socioeconomic development
	Unbalanced development	0.2 < D < 0.4	slightly uncoordinated	L < U	Slightly incoordination—lagging intensive land use
	L = U	Slightly uncoordinated development of intensive land use and socioeconomic development
	L > U	Slightly incoordination—lagging socioeconomic development
	0 < D < 0.2	seriously uncoordinated development	L < U	Serious incoordination—lagging intensive land use
	L = U	Seriously uncoordinated development of intensive land use and socioeconomic development
	L > U	Serious incoordination—lagging socioeconomic development


3.3.3 Obstacle factor analysis
Based on the above comprehensive score formula, the value of the land intensive score L and the socioeconomic development comprehensive score U can be obtained for the resettlement area. The index obstacle factors are calculated using Formulas 7–10. This assessment aims to enhance the system’s comprehensive score and promote the coupling coordination level between the two subsystems (Zh et al., 2021; Shen et al., 2018).
Ci=S×Wi(7)
where Ci represents the degree of factor contribution, which is the degree of influence of a single indicator on the results of the comprehensive evaluation; Wi represents the weight of the i-th indicator; and S is the system layer weight corresponding to the i-th indicator;
Di=1−Yi(8)
where Di represents the index deviation and Yi represents the value of the i-th index;
hi=Di×Ci∑i=1nDi×Ci×100%(9)
where hi represents the degree of index obstacles, which is the degree of influence of a single indicator on the comprehensive score;
Hi=∑hi(10)
where Hi represents the degree of subsystem obstacles, which is the degree of influence of the subsystem on the comprehensive score.
4 RESULTS
4.1 Intensive land use of comprehensive evaluation results
Calculate the comprehensive value of intensive land use in Z Town based on the above comprehensive scoring method. See Table 6 for details.
TABLE 6 | Weights and comprehensive values of intensive land use evaluation indicators.	Target layer	System layer	Indicator layer	Indicator value	Ideal value	Standardization	Weights	Single indicator comprehensive value	Subsystem weight	Subsystem comprehensive value	Total score
	Intensive land use	Pressure	P1	0.85	1.1	0.773	0.083	0.064	0.320	0.236	0.261
	P2	84.75	85.22	0.994	0.052	0.052
	P3	4,860	7,404	0.656	0.148	0.097
	P4	0.07	0.11	0.636	0.037	0.024
	State	S1	1.61	1.63	0.988	0.054	0.053	0.389	0.344
	S2	32	38	0.842	0.196	0.165
	S3	30	32	0.938	0.087	0.081
	S4	12	14	0.857	0.053	0.045
	Response	R1	32	80	0.4	0.049	0.020	0.291	0.177
	R2	70	100	0.7	0.138	0.097
	R3	50.38	85.91	0.586	0.104	0.061


The results showed that the comprehensive score of the land set of migration resettlement areas in Z Town was 0.261, which is between 0.2 and 0.4. Table 3 shows that the land use is minimally intensive, and the phenomenon of inefficient land use is more serious. The comprehensive evaluation score of the pressure subsystem is 0.236, the state subsystem score is 0.344, and the response subsystem score is 0.177; in comparison, the state score is the highest, and its impact on the comprehensive evaluation is also the greatest.
The relatively strong performance of the state subsystem is mainly attributable to the fact that the actual values of its indicators are generally close to the planning targets. For instance, the proportion of land allocated to public facilities is 30%, slightly below the planned 32%, and the green space coverage is 12%, slightly below the planned 14%. Although these physical infrastructure indicators have not fully reached the ideal values, the deviations are limited, suggesting that the spatial layout and infrastructure provision in the resettlement area largely conform to planning requirements.
In contrast, the response subsystem constitutes a critical bottleneck restricting overall performance. Social indicators in particular exhibit substantial deficiencies: residents’ participation in planning is only 32%, far below the target of 80%, and life satisfaction is 70%, also below the ideal value of 100%. This marked disparity indicates that the challenges facing Town Z, as a land-lost resettlement area, extend beyond mere physical infrastructure development, and are closely associated with deficiencies in social integration and governance participation mechanisms, reflecting a pronounced system-level response failure.
Considering the regional characteristics of “no production land and high reliance on non-agricultural livelihoods,” the strong dependence of residents on off-farm employment exacerbates the “household-resident separation” phenomenon. This not only constrains the practical feasibility of residents’ participation in planning and community affairs, but also diminishes their sense of belonging and life satisfaction within the resettlement area. Consequently, the indicators reveal a clear divergence between the state and response subsystems, highlighting the structural social contradictions underlying the low level of land intensification in Town Z, namely, the misalignment between physical infrastructure development and social functional development.
4.2 Comprehensive evaluation results of socioeconomic development
Calculate the comprehensive value of the socioeconomic development level of immigrants in Z Town based on the above comprehensive scoring method. See Table 7 for details.
TABLE 7 | Social and economic development system evaluation index weight and comprehensive value.	Target layer	System layer	Indicator layer	Indicator value	Ideal value	Standardization	Weights	Single indicator comprehensive value	Subsystem weight	Subsystem comprehensive value	Total score
	Social and economic development	Economy	E1	12,840	18,037	0.712	0.104	0.074	0.571	0.347	0.335
	E2	6,380	10,726	0.595	0.071	0.042
	E3	6.32	13.51	0.468	0.083	0.039
	E4	2,200	3,500	0.629	0.235	0.148
	E5	9,425.1	16,632	0.567	0.078	0.044
	Society	H1	58	98	0.592	0.115	0.068	0.429	0.320
	H2	57.92	65	0.891	0.270	0.240
	H3	4,860	6,000	0.81	0.044	0.036


The comprehensive score of the social and economic development of the Migration Resettlement District of Z Town is 0.335, which is between 0.3 and 0.4. According to Table 4, the socioeconomic development of the resettlement area is at a mid-low level, meaning that it is relatively lagging. The comprehensive evaluation score of the economic subsystem is 0.347, and the population subsystem score is 0.320. The economic subsystem exhibits significant gaps relative to the ideal values: per capita income is 12,840 yuan, reaching only 71.2% of the target value of 18,037 yuan; the turnover per unit area of commercial shops is 6.32, less than half of the ideal value of 13.51, indicating that both commercial vitality and residents’ income levels in the resettlement area are substantially inadequate. The social subsystem also shows structural problems: the proportion of the labor force is 57.92%, below the reasonable threshold of 65%; population density is only 58 persons, far below the planned carrying capacity of 98 persons, reflecting the “household-resident separation” and population outflow resulting from limited livelihood resources. The absence of local industrial support forces a large portion of the labor force to seek off-farm employment, which not only constrains local consumption and commercial development but also undermines community population stability and social vitality, further exacerbating the vicious cycle between inefficient land use and economic development. These findings reveal, from a socio-economic perspective, the underlying causes of the low level of system coordination in the resettlement area.
4.3 Analysis of the coupling coordination results
From Table 4, 5, the intensive value of the intensive land use of the resettlement area L = 0.261 and the comprehensive value of the level of socioeconomic development U = 0.335 are substituted into the system coordination function Formula 3 to calculate the coordination degree C = 0.992 between the two subsystems. According to Formula 4, the importance coefficient of intensive land utilization is α=0.438, and the importance of the migration socioeconomic development level is β=0.562. According to Formula 5, the comprehensive index of intensive land use and migration socioeconomic development index T = 0.303. According to Formula 6, the system coupling D = 0.548 is obtained.
According to Table 4, the two subsystems of land intensive and social and economic development levels in Z Town are in the stage of primary coupling coordination, L = 0.261 < U = 0.335. Moreover, the level of intensive land use in the resettlement area is slightly lower than the level of socioeconomic development.
4.4 Obstacle factor analysis
This paper analyzes the obstacles hindering intensive land use systems. The specific diagnosis results are shown in Table 8. According to the analysis of the factors influencing intensive land use in Z Town, most of the obstacles occurred in the land pressure subsystem in the resettlement area, which accounted for 40.24%; thus, this subsystem is one of the main areas for improvement. To improve the level of intensive land use in the resettlement area, it is necessary to start with the land pressure system. At the same time, attention should be given to the impact of changes in the state of the land on the land pressure system and response system.
TABLE 8 | Obstacle factor analysis results.	Intensive land use
	System layer	Indicator layer	Index obstacle degree	System obstacle
	Pressure	P1	0.1128	0.4024
	P2	0.0015
	P3	0.2416
	P4	0.0465
	State	S1	0.0032	0.2116
	S2	0.1518
	S3	0.0216
	S4	0.0351
	Response	R1	0.0539	0.3860
	R2	0.1740
	R3	0.1581


From the perspective of the indicator layer of the land use system, the obstacle factors that affect the use of intensive land use are mainly P3, land population carrying capacity; followed by R2, migrants’ satisfaction with life in the resettlement area; R3, the total investment amount of the land; and S2, the overall total residential land. The proportions of construction land in each of these factors are 24.16%, 17.40%, 15.81%, and 15.18%, respectively. The sum of these four index obstacles reached 72.55%.
5 DISCUSSION
While grounded in the specific case of Z Town, this study highlights challenges—such as institutional inertia in land governance and mismatches between land use and livelihood needs—that hold global relevance. As infrastructure-driven resettlement projects worldwide increasingly transition toward urbanized and non-agricultural models, the findings from Z Town provide transferable insights for peri-urban resettlement contexts undergoing rapid socioeconomic transformation.
Our analysis reveals that the interaction between intensive land use and socioeconomic development in the resettlement area remains at a stage of primary coupling coordination. This imbalance primarily arises because land-use planning in reservoir-induced resettlement areas has not fully incorporated long-term development demands, particularly the quality of migrant life and the pursuit of sustainability (He et al., 2023). A deeper analysis reveals that this lag in the land system is not an isolated phenomenon, but rather a concentrated manifestation of the ruptures or delays occurring at multiple stages along the “Pressure–State–Response” (PSR) chain.
This phenomenon reflects a complex interplay of financial, economic, and temporal dynamics that collectively shape the process of land-use optimization. Despite the initial planning of Z Town demonstrating notable foresight—with substantial investments in infrastructure and public services such as transportation, public squares, administrative institutions, and commercial facilities—the absence of stable and long-term financial resources has hindered the effective operation, maintenance, and upgrading of these facilities (Shaojun et al., 2022). In essence, this reflects the inefficacy of the Response subsystem (R), which fails to effectively address the issues emerging within the State subsystem (S). Consequently, it cannot alleviate the new Pressures (P) arising from population agglomeration and economic growth, ultimately undermining the socio-economic vitality of the resettlement areas and, in turn, constraining improvements in land-use intensity. Bridging this gap requires sustained institutional commitment and resource allocation, as short-term capital investment alone is insufficient to ensure sustainable development (Zhang et al., 2024b).
It is noteworthy that the case of Town Z represents a distinctive form of relocation induced by reservoir construction, where the observed land-use lag stems from planning rigidity and institutional inertia. Once initial land-use schemes—such as road networks and spatial layouts—are established, they become difficult to modify, resulting in a spatial lock-in effect. When rapid socio-economic transitions, such as livelihood diversification and population outmigration, generate new spatial demands, the inflexible land-supply structure fails to respond in a timely manner, leaving the land system unable to support emerging development patterns. For example, the excessive proportion of residential land and the oversized per capita construction area reflect a mismatch between planning assumptions and actual demographic or livelihood shifts, leading to imbalanced resource allocation and inefficient land use.
Although the new town has been in operation for a relatively short period, land-use intensity is expected to improve as urban functions mature and planning frameworks evolve, consistent with findings from other resettlement studies. However, overcoming the land-use lag is not an automatic process; it requires proactive policy intervention and institutional innovation to reestablish the PSR feedback mechanism. Specifically, this involves developing a dynamic planning evaluation and adjustment system that aligns land supply with changing socio-economic pressures, improving investment and financing mechanisms to enhance long-term responsiveness, and incorporating migrant satisfaction and other social feedback into land-governance processes. Through such reforms, the land system can shift from a passive resource provider to an adaptive institutional enabler, thereby achieving higher-level coordination with the socio-economic system.
Furthermore,the factors hindering the level of land-intensive utilization are prominently reflected in land population carrying capacity, migrants’ satisfaction with life in the resettlement area, the total construction investment per area, and the proportion of residential land to total construction land. Together, these factors constitute the core bottlenecks to the coordinated development of the human–land system in resettlement areas, and their underlying mechanisms are as follows.
	Land population carrying capacity. The land population load index reflects the population that the land can accommodate and that can be maintained with sustainable living practices (Cheng et al., 2023). The structural imbalance in land–population carrying capacity reflects a profound discrepancy between planning projections and actual development trajectories (Yan et al., 2017; Lane, 2010). In accordance with the relevant requirements of migration resettlement of the W Reservoir, migrants who require resettlement to Z Town are not involved in the deployment of productive land (paddy fields and dry land). After the migrants relocated, they were unable to rely on their original land to maintain their living standards. The migrants’ means of obtaining a livelihood were forced to change, and most of them were transformed from traditional agricultural methods (Fu and Xiaoyan, 2019; Ma et al., 2022). However, the resettlement area cannot meet the needs of a large number of migrant laborers and urbanization (Knudsen and Agergaard, 2015; Cong et al., 2017). These reasons ultimately lead a significant portion of migrants in the town to choose to work in the city or elsewhere, or to own houses in the town without actually residing there. As a result, the planned population capacity is greatly diminished, creating a substantial gap in the land’s population carrying capacity in the resettlement area.
	Migrants’ satisfaction with life in the resettlement area. Migrants’ satisfaction with living conditions in the resettlement area is closely linked to their attitudes toward and engagement in land use. Field investigations reveal that most migrants were unaware of key decisions such as the site selection and planning of Town Z; many only learned of these arrangements during or even after the planning process, leaving them in a passive position throughout relocation (Chen W. et al., 2023). The absence of participatory mechanisms and the resulting low satisfaction levels expose a failure in the governance system’s responsiveness. The marginalization of migrants in planning and decision-making not only weakens their identification with land policies but also diminishes their willingness to participate in community governance and land management (Xiaojun and Jiajun, 2016). The essential driving force of urbanization should lie in the pursuit of a better rural life, which ultimately serves as the benchmark for evaluating its success (Jiang et al., 2021). As direct users and stakeholders of land resources, migrants’ needs must be effectively integrated into planning processes; otherwise, a disconnection will arise between land-use schemes and actual local demands.
	The total construction investment per area. The total investment amount of land reflects the degree of development and utilization of land. Insufficient construction investment per unit area highlights the limitations of existing financial support mechanisms (Bai et al., 2014). Resettlement areas are generally constrained by weak industrial foundations and limited fiscal capacity, making it difficult to attract sustained social capital investment. As a result, the maintenance of infrastructure and the provision of public services often lack stable financial backing. This not only undermines the functionality of existing facilities but also constrains the potential for land value appreciation (Xinyuan et al., 2021).
	The proportion of residential land to total construction land. The proportion of residential land to total construction land reflects the proportion of residential land in the land use structure. An imbalanced proportion, together with excessive per capita land allocation, reveals structural deficiencies in spatial resource distribution (Belmiro et al., 2023). In Town Z’s resettlement area, the per capita construction land reaches 141 m2 per person—significantly exceeding the 80–100 m2 range recommended by the Town Planning Standard (GB50188-2007). Such an extensive land-use pattern not only encroaches upon the spatial needs for industrial development and public services but also directly impedes improvements in land-use intensity.

These four constraining factors are interrelated and mutually reinforcing: population outflow weakens investment attractiveness; low satisfaction undermines population stability; inadequate investment limits improvements in spatial quality; and an unbalanced land-use structure further accelerates the outmigration of both people and industries. Therefore, enhancing land-use intensity in resettlement areas requires moving beyond single-factor interventions and adopting a systemic, multi-dimensional approach integrating demographic, economic, social, and spatial dimensions. The focus should be on strengthening planning flexibility, establishing participatory mechanisms for migrants, innovating financing models, and optimizing land-use structures, thereby fostering the coordinated evolution of the human–land system toward a higher level of integration and sustainability.
6 CONCLUSION
This study investigates the coordination between intensive land use and socioeconomic development in reservoir resettlement areas, a critical issue for achieving sustainable regional transformation. By integrating an improved coupling coordination model with multi-dimensional evaluation indicators, the research not only provides a more accurate assessment of land-use intensity and socioeconomic development but also advances methodological tools for analyzing the dynamic interaction between these two subsystems. Compared with previous approaches, the proposed framework captures both the structural imbalances and the underlying institutional and livelihood-related constraints that shape land–society coordination in resettlement contexts.
Empirical results from Z Town demonstrate that intensive land use remains minimally developed (0.261) relative to socioeconomic progress (0.335), with the two subsystems currently at the stage of primary coupling coordination. The study further identifies population carrying capacity, migrants’ satisfaction with resettlement life, construction investment per unit of land, and the residential-to-total construction land ratio as the most critical obstacles impeding land-use efficiency. These findings underscore the importance of addressing not only physical and financial inputs but also institutional mechanisms and livelihood-oriented planning to promote long-term coordination.
Although the research is based on a geographically specific case, its implications extend well beyond Z Town. The methodological framework is replicable and adaptable to diverse resettlement and displacement contexts worldwide, particularly in regions affected by dams, mining, and ecological restoration projects. More broadly, the findings speak to global debates on sustainable development, offering practical insights for underdeveloped and developing regions where low land-use efficiency coexists with socioeconomic underdevelopment.
By highlighting the complex interplay between institutional inertia, financial sustainability, and social adaptation, this study contributes to both theory and practice. Theoretically, it enriches the discourse on land–society interactions by demonstrating how multi-scalar constraints shape coupling coordination. Practically, it provides targeted strategies for improving land-use efficiency, strengthening livelihood security, and fostering socially inclusive and resource-efficient growth. In doing so, the research not only supports national resettlement policy design but also aligns with the broader objectives of the United Nations Sustainable Development Goals, particularly Sustainable Cities and Communities, Responsible Consumption and Production, and Climate Action.
7 LIMITATIONS AND FUTURE WORK
This study uses an improved coupling coordination model to explore the relationship between the two subsystems of the land use area of Z Town. The results of the research can be used to adjust the measures considered according to local conditions, promote continuous improvement, and provide a reference for policymakers in the top-level design of national policies to better benefit people’s quality of life. There are certain limitations in this study that can be improved upon in future research. Limited by data acquisition and a lack of long-term data support, we did not explore the long-term coupling coordination relationship between the two subsystems in the resettlement area. Determining how to explore long-term coupling coordination relationships, more reasonably delineate regional types, and help managers accurately carry out improvement work is the focus of further research.
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