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Rural multifunctionality (RMF) is a critical component of urban–rural overall planning and sustainable development. In China, rural areas have special functions that cannot be replaced by cities, such as residential carrying, agricultural and non-agricultural production, and ecological conservation. However, few studies have determined the direction of rural development and realized rural regional value from the RMF perspective. In this study, 30 counties in the Liaoning Coastal Economic Zone were taken as the research area, and the years 2000, 2013, and 2023 were selected as the research time nodes. This study constructed the RMF index from the living function, production function, and ecological function and systematically analyzed and depicted the spatiotemporal distribution process of rural functions using trend surface analysis and exploratory spatial data analysis. A geographical detector model was employed to further analyze the influencing factors. The results are as follows: (1) Rural regional agglomeration had obvious characteristics that are undergoing a key transformation from slow to radical. In the spatial dimension, it shows the tendency of high coupling multi-core agglomeration and low coupling dispersion. (2) The degree of coupling coordination indicated a shift from reluctant coordination to good coordination, and the gap across counties was narrowing. (3) The dominating determinants had shifted away from natural resources toward socioeconomic and policy environment factors. This will provide an effective reference for investigating the diversification of rural regional space in Liaoning Province, directing the rational use of rural land and accomplishing coordinated development of rural space.
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1 INTRODUCTION
Rural space is a regional concept that refers to all areas outside the urban areas (Cassidy et al.,2010; Zhang et al., 2023). One of the most essential characteristics of rural space is function, and its change might signal a change in the land use of the area (Long et al., 2016; Tu et al., 2018; Argent, 1999). Rural multi-functional (RMF) originated from the agricultural multi-function and land use multi-function systems of the EU at the end of the 20th century (Yang et al., 2023a;Feinerman and Falkovit, 1991; Sophie et al., 2007). The OECD (Organization for Economic Co-operation and Development) noted that agriculture performs a variety of roles in restoring rural landscapes and preserving biodiversity in addition to producing food and fiber and supporting the sustainable growth of agriculture (García-Llorente et al., 2012; Marsden and Sonnino, 2008; Renting et al., 2013). Coordinating the contradictions between economic growth, life improvement, and ecological conservation in rural areas has become a pressing issue that must be addressed. Therefore, many studies have begun to expand the research scope of RMF (Jerzy Banski and Monika, 2010; Liu and Liu, 2012). In a given stage of social development, RMF refers to the beneficial role of a specific rural system to nature or mankind by giving play to its own attributes and its joint role with other systems in a larger regional space in a certain stage of social development (Li et al., 2015; Long et al., 2007; Agnoletti, 2014).
Rural reconstruction and evolution have become key issues in geographical studies (Agnoletti, 2014). For example, some studies that were primarily based on geography were gradually integrated into the disciplines of economics, sociology, landscape ecology, and biology and investigated the spatial distribution characteristics of rural connotation, classification, function, culture, and environment from various scientific perspectives (Kunitsa, 2012; Li et al., 2021). In establishing the evaluation index system, many studies have taken the geo-relational territorial system as the theoretical basis; classified the functional types of RMF in terms of resources, environment, humanities, economy, and other dimensions; analyzed the mechanism of differentiation of rural territorial development; and clarified the way of development of rural territorial sub-districts (Zhao et al., 2022). In terms of the research methodology, the data are usually quantified through the comprehensive index evaluation method, and then techniques such as the Gini coefficient, neural network model, local spatial autocorrelation, and gray correlation method are applied to study the delineation of rural functions and the evolution law (Zhen et al., 2024; Ma et al., 2023). For regions with different characteristics, how to establish a targeted RMF indicator system is a research hotspot.
With the continual advancement of urbanization and industrialization in China, the urban and rural economic structures and demographics are continuously recombining (Hualou, 2012; Xiong et al., 2021). It has led to many issues in rural regions, such as extensive and inefficient land use, chaotic construction, a lack of infrastructure and public services, encroachment on agricultural production space, and environmental deterioration (Yang et al., 2023b; Hu et al., 2020).
In particular, the Liaoning Coastal Economic Belt in Northeast China is both a national grain production functional area and a port industrial belt with international competitiveness. The Liaoning Coastal Economic Zone has a good agricultural foundation, concentrating half of the province’s agricultural population, accounting for approximately half of the province’s agricultural output, and accounting for approximately 40% of the province’s sown area and output of major grain crops. However, there is an imbalance in the structure of supply and demand of agricultural products, and there are many people with little land, little arable land, little fresh water, and high pollution from agricultural sources, resulting in serious pollution of the water environment (Ma and Zheng, 2018). Its rural development has always been in a weak position. The key to treating “rural sickness” is to appropriately construct the RMF identification system, optimize the rural “living, production, ecology” space, and achieve the multifunctional and coordinated development of rural space (Liu, 2020; Long et al., 2021).
Since 2000, China’s development paradigm has shifted, with the relationship between urban and rural areas changing and rural construction entering a new phase. In 2013, the Central Government’s Document No. 1 centered on the three rural issues and provided a top-level design for rural development in order to solve the problems of the three rural issues. In 2023, Liaoning Province issued the “14th Five-Year Plan for Modernization of Agriculture and Rural Areas in Liaoning Province,” marking the beginning of a new phase. Based on the background of the Rural Revitalization Strategy, this study aimed primarily to (1) establish an RMF index system and describe the features of rural regional spatial–temporal diversification in the research area in 2000, 2013, and 2023; (2) measure the coupling and interacting relationship between mutual promotion and mutual stress of living, production, and ecosystem, as well as perform spatial comparison and time series analysis; (3) investigate the primary drivers of the geographical difference in RMF level in the research region using Geodetector, as well as the action intensity of various factors on spatial–temporal distribution. The findings of this study will provide new research ideas for exploring rural regional space diversification and achieving multifunctional and coordinated rural space development in Liaoning Province.
2 MATERIALS AND METHODS
2.1 Study area
The Liaoning Coastal Economic Belt, located in the south of Liaoning Province, is an important intersection between the Bohai Rim and Northeast China (Figure 1). Dalian, Dandong, Jinzhou, Yingkou, Panjin, and Huludao are among the six coastal cities that make up the Economic Belt. In this article, we selected the Economic Belt’s 30 counties as the study area. There is great potential for the development and utilization of land resources, with a wide range of low yields or abandoned salt fields, saline-alkali soils, desolate beaches, and usable beaches. The Liaoning Coastal Economic Belt’s GDP was 1.23 × 1012 yuan (RMB) at the end of 2023, accounting for 49.23% of the province’s overall economy. The permanent resident population is approximately 1.78 × 107, with the rural population accounting for approximately 5.16 × 106. The per capita net income of farmers is 1.70 × 106 yuan (RMB). Emerging industries and manufacturing are the dominant industries in the Economic Belt, while its rural economy is weak. Furthermore, several ecological issues have become increasingly prominent, such as a lack of freshwater, seawater backflow, and marine pollution. In constructing a beautiful village “suitable for living, working, and touring” in Liaoning Province, how to harmonize the contradictions between economic growth, life enhancement, and ecological protection in rural regions has become an important challenge to be solved.
[image: Figure 1]FIGURE 1 | Location map of the Liaoning Coastal Economic Belt.
2.2 Data sources
The land use data of the Liaoning Coastal Economic Belt in 2000, 2013, and 2023 were taken from the Resource and Environmental Science and Data Center (https://www.resdc.cn/). NDVI data were based on the Geospatial Data Cloud Platform (http://www.gscloud.cn/) and downloaded landsat8 OLI with a resolution of 15 m × 15 m. Ecosystem service value was calculated by using the method given by Costanza et al. (1996) and Xie et al. (2003). The economic value of an ecosystem valued equivalent in Liaoning Province is 5.53 × 103 yuan (RMB)/hm2. The socioeconomic data mainly came from the Liaoning Statistical Yearbook (Liaoning Provincial Bureau of Statistics, 2001, 2014, 2024), Liaoning Statistical Survey Yearbook (Liaoning Provincial Bureau of Statistics, 2001, 2014, 2024), Liaoning Rural Statistical Yearbook (Liaoning Provincial Bureau of Statistics, 2001, 2014, 2024), China County Statistical Yearbook (National Bureau of Statistics, 2001, 2014, 2024), Liaoning Provincial Water Resources Bulletin (Liaoning Provincial development of water resources), and the National Economic and Social Statistical Bulletin, a Government Work Report in 2023.
2.3 Research methods
2.3.1 Construction of index system
Natural endowment, geographical circumstances, economic basis, human resources, cultural customs, and other variables within a certain rural region make up a rural system with a specific function (Liu and Liu, 2012). Different elements have an influence on the evaluation of RMF (Hualou, 2012; Liu et al., 2011). The rural area is diversified and intricate because these functions are not separate but rather complex with reciprocal effects (Figure 2). The living function refers to the ability of various spaces provided by the countryside to provide material and spiritual support to ensure human survival and development. People are the most active elements in the whole rural area, so the living function is the most basic function in the entire rural environment. The essential objective and significant main line of people’s production activities is to improve the quality of life and livable level. The production function is formed by the mutual connection and interaction of various production factors within a certain region, which provides consumer goods and various services required for people’s survival and development and increases social wealth. The ecological function refers to the ability of rural areas to maintain the material cycle of life and provide ecological resources. The ecosystem is diverse, comprehensive, and dynamic. It is a prerequisite for the smooth progress of industrial development, urban construction, and other activities. This study refers to the existing research results to construct the RMF evaluation system (Table 1) (Gómez-Limón et al., 2012; Gu et al., 2019; Zhu et al., 2024).
[image: Figure 2]FIGURE 2 | Structure of the RMF system.
TABLE 1 | RMF index system of the Liaoning Coastal Economic Belt.
[image: Table 1]The calculation of the RMF evaluation value involves multiple indicators, and because of the differences in the outline and units of the indicators, the extreme value method is used to normalize the evaluation indicators as a whole, while Criteria Importance Through Intercriteria Correlation (CRITIC) weighting method is applied to determine the weights of the indicators (Yu et al., 2024).
2.3.2 Identification of influencing factors
Table 3 indicates the spatial distribution of RMF will be comprehensively affected by natural resource factors, socioeconomic factors, geographical location factors, and policy environment factors. Based on this, our study selects 10 influencing factors and uses the Geodetector to reveal the possible causal relationship between several indicators (Table 2) (Knickel and Renting, 2000; Bao et al., 2022; Yang et al., 2023a). Among them, the natural resource factors are the internal factors affecting the RMF level. They play a critical role in the formation of the multifunctional level’s spatial differentiation form, which is primarily manifested in the combination of natural conditions such as geology, landform, vegetation, and climate. The affecting elements were the average elevation (EAVG), the cultivated land reclamation rate (CLRR), and the cultivated land area above 25° (CLA25°). Socioeconomic factors represent the socioeconomic level formed by the development of social productivity and are external factors affecting the RMF level. They have a major impact on the land use mode via industrial structures, external goods, and infrastructure. The affecting elements were the proportion of primary industry (PPI), the balance of residents’ savings deposits (BRSD), the farmers’ per capita net income (FPCNI), and the science and technology expenditure (STL). Geographical location factors refer to the relationship between traffic routes and facilities in an area. The affecting elements were the traffic accessibility (TA) and the distance between administrative villages and the prefecture-level cities (PLC). Policy environment factors are a key adjustment tool for dealing with diverse tensions in regional land relationships. They are action criteria stated in the development, usage, governance, preservation, and management of land resources. The affecting element is the afforestation area (AA).
TABLE 2 | Influencing factor index system.
[image: Table 2]2.3.3 Exploratory spatial data analysis method
The exploratory spatial data analysis method was used to reveal the spatial relationship and correlation of RMF levels among districts and counties in the Economic Belt.
2.3.3.1 Global spatial autocorrelation analysis
Global spatial autocorrelation analysis can be expressed as follows:
[image: image]
where W ij is the spatial weight matrix, Xi and X j are the RMF indexes of district I and district J, [image: image] is the average value of RMF, Z is the threshold of standardized statistics, and [image: image] is the expected value of autocorrelation of observed variables.
2.3.3.2 Local spatial autocorrelation analysis
Local spatial autocorrelation reflects the specific location and spatial pattern characteristics of agglomeration in the study area. The spatial hotspot detection analysis (Getis-ord GI*) showed the “hotspot” and “coldspot” locations using GIS. The expression is
[image: image]
where if it is positive and statistically significant, it is a high-value spatial agglomeration (hotspot zone). If it is negative and statistically significant, it is a low-value spatial agglomeration (coldspot zone).
2.3.3.3 Coupling coordination model
The phenomenon of coupling refers to the situation in which two or more systems impact each other through various interactions. The coupling model was used to measure the degree of interaction between systems or elements within the system (Fang and Chaobao, 2004). The coordination model was used to measure the relationship between coordination and the virtuous circle between systems or elements. The coupling model can be expressed as follows:
[image: image]
where C expresses the RMF coupling degree ([0,1]). Lf, Pf, and Ef are values of rural living production and ecological function. [image: image].
The coordination model can be expressed as follows:
[image: image]
[image: image] are the values of rural living, production, and ecological function. On the basis of consulting relevant experts, the undetermined coefficients are determined as [image: image]
2.3.3.4 Trend surface analysis
Trend surface analysis is a mathematical method for simulating the spatial distribution and changing trends of geographic system elements using mathematical surfaces. The principle of trend surface analysis is as follows:
[image: image]
where [image: image] denote the geographic coordinates, [image: image] denotes the actual observation data containing the geographic elements, [image: image] denotes the fitted value of the trend surface, and [image: image] denotes the remaining value. The overall divergent trend was determined using the geostatistical analysis tool in the ArcGIS 10.6 software platform. It examines the discrete eco-trend efficiency’s asymptotic characteristics from the standpoint of overall interpolation.
2.3.3.5 Geodetector
Geodetector is a statistical method to detect spatial diversity and reveal the driving force behind it (Wang and Chengdong, 2017). The factor detector measures the interpretation degree of high values of variables corresponding to different factors. The interaction detector measures whether the influencing factors act independently or dependently. The factor detector can be expressed as follows:
[image: image]
where qi is the influence of influencing factor i on RMF distribution, L is the stratification of influencing factor i, Nh and [image: image] is the number of units and variance of layer h, and N and [image: image] are the number of units and variance of the whole study area, respectively.
Interaction analysis determines whether there is an interaction between factors by comparing the explanatory power (q-value) of a single factor and a combination of multiple factors (Table 3).
TABLE 3 | The type of interaction between two independent variables and dependent variables.
[image: Table 3]3 RESULT
3.1 Global trend characteristics
The three-dimensional perspective of various functional indicators of rural land use in the Economic Belt from 2000 to 2023 is fit and constructed by using the trend analysis tool (Figure 3). Overall, RMF has distinct geographical features.
[image: Figure 3]FIGURE 3 | Three-dimensional perspective of the global trends of various functional indexes from 2000 to 2023.
The living function exhibited a tendency of upward bending in the center and downward bending on both sides on the y-axis, but the regional disparities tend to flatten out with time. On the x-axis, it displays a decreasing tendency, indicating that the high-value area of the rural living function index is concentrated in the middle (Figure 3a1–a3). The production function exhibited was high in the north–south direction and low in the middle on the y-axis, showed an uplift in the middle, and downward bending on both sides on the x-axis. It illustrates that the production function has always been concentrated on Dalian and Yingkou in the southeast from 2000 to 2023 and gradually spread outward (Figure 3b1–b3). The ecological function of the Middle East region was always higher than that of other regions in the county, indicating that the ecological function centered on Dandong City showed a trend of continuous expansion, and the bending range showed an increasing trend. This also fully confirms the increasingly significant characteristics of the ecological spatial differentiation pattern, while there is still potential for improvement (Figure 3c1–c3).
3.2 Spatiotemporal distribution characteristics
3.2.1 Global spatial autocorrelation analysis
The Moran’s I index of RMF was calculated using the univariate Moran’s I module in GeoDa. (1) At 90% confidence, there is a significant spatial positive correlation; that is, the high and low values of various functions show significant aggregation in spatial distribution, among which the ecological function is the most obvious, followed by the industrial production function, and finally the living function. (2) When the Moran’s I indexes of the three time nodes are compared from 2000 to 2023, the rural functional indexes are found to be increasing, indicating that the spatial agglomeration degree of rural functions is increasing over time and multifunctional areas are extending and expanding in spatial distribution.
3.2.2 Local spatial autocorrelation analysis
In rural living functions, the local agglomeration degree demonstrated a “from north to south” geographical evolution tendency from 2000 to 2023 (Figure 4a1–a3). In 2000, the hotspot zones were concentrated in Bayuquan District and Xinglongtai District, which are strongly attracted and radiated by the city due to its full infrastructure, public facilities, and a wide range of living activities. The coldspot zone was centered in Huludao City, which encompassed Jianchang County, Lianshan District, Xingcheng City, and Nanpiao District. These areas are located in the concentrated contiguous area of Songling and Yanshan Mountains. In terms of topography and living circumstances, the area was not appropriate for large-scale dwellings. In 2013, the hotspot zones were relocated to Ganjingzi District, Lushunkou District, and Changhai County of Dalian. The conditions of a developed economy and superior location provided a material basis for the high agglomeration of living functions. The sub-coldspot zones were scattered, mainly in Xingcheng City, Linghai City, and Fengcheng City. In 2023, the concentration of living functions gradually decreased, with the hotspot zones concentrated in Wafangdian City and Jinpu New Area of Dalian; the sub-coldspot area was Linghai City of Jinzhou City.
[image: Figure 4]FIGURE 4 | Spatio-temporal distribution of RMF hotspot and coldspot zones in the Liaoning Coastal Economic Belt from 2000 to 2023.
The rural production function has obvious regional agglomeration from 2000 to 2023 (Figure 4b1–b3). In 2000, the sub-hotspot zones were concentrated in Wafangdian City and Bayuquan District, and the coldspot zone was concentrated in Lianshan District, Xingcheng City, and Jianchang County, with a weak agglomeration effect. The Economic Belt’s industrial structure was uncoordinated in the 1990s; agricultural production technology was backward, and the level of mechanization and water conservation was low. At the same time, the ability to absorb employment was weak, and the agglomeration effect of innovative industrial clusters was not significant. In 2013, the agglomeration characteristics increased significantly. The hotspot zone gradually spread outward, with Dalian and Yingkou as the core. This indicates that these regions have focused on encouraging the development of the marine industry and high-tech industry since 2013, resulting in rapid industrial transformation and upgrading and structural optimization, relying on the regional advantages of the Bohai Rim region and Northeast China. The coldspot zones were mainly located in Jinzhou City and Huludao City. In 2023, the industrial agglomeration effect shows a pattern of “reduction and expansion,” such as the reduction of the hotspot zones, the transformation of Gaizhou City from hotspot to sub-hotspot; the scope of the coldspot zones expanded, with two sub-coldspot zones, Panshan county and Xinglongtai District, added.
In the rural ecological function, Dandong City demonstrated a pattern of steady increase from 2000 to 2023 (Figure 4c1–c3). In 2000, the hotspot zones were located in the whole area of Dandong City, accounting for 25%. Dandong’s ecological quality was at the highest level in the province, and the function of ecological resource supply and stability maintenance was high. The sub-coldspot zone was Xinglongtai District. The living and production land in this area continues to encroach on the ecological land. The development of rural living and production functions came at the price of the rural natural environment, which has clearly degraded. In 2013, the hotspot zone was still Dandong City; the coldspot and the sub-coldspot zones were Dawa County and Heishan County, Laobian District, Jinpu New Area, Ganjingzi District, and Lushunkou District, respectively, with weak ecological conservation functions. In 2023, the hotspot zones remained the same. The coldspot zones were Dawa County, Lushunkou District, and Ganjingzi District. As a coastal district and county, local ecological resources are rare, seawater backflow, a lack of freshwater resources, and other ecological and environmental concerns are common, and ecological land is continually eroded by living and producing land. The concentrated expansion of industry and tourism destroys the rural living environment, resulting in an obvious degradation of ecological conservation function and the formation of an ecological low agglomeration area.
3.3 Spatio-temporal distribution characteristics of coupling coordination degree
According to the coordination degree model, the rural functional coupling and coordination degree is divided into 10 levels according to the international division standards (Yang et al., 2020; Li et al., 2012) (Figure 5). The findings show that in the time dimension, the RMF coupling coordination degree in 30 districts and counties shows a “gradual upward” trend from reluctant coordination to good coordination, with the average value increasing from 0.59 to 0.64. In the spatial dimension, there are obvious regional differences, demonstrating the tendency of “high value multi-core agglomeration and low value wide distribution,” showing the characteristics of gradual outward diffusion with the Dalian–Yingkou–Panjin axis as the core. In 2000, the coupling coordination degree was 0.59.
[image: Figure 5]FIGURE 5 | Multifunctional coupling coordination spatial distribution in the Liaoning Coastal Economic Belt from 2000 to 2023. (A) 2000. (B) 2013. (C) 2023.
The types of coupling coordination degrees mainly include serious imbalance, mild imbalance, reluctant coordination, primary coordination, intermediate coordination, good coordination, and high-quality coordination. Among them, the areas of forced coordination, primary coordination, and intermediate coordination accounted for 86.99%, mainly primary and intermediate, and the degree of coupling coordination was low. In 2013, the coupling coordination degree was 0.62, the type of serious imbalance disappeared, the type of primary coordination increased, and the coupling coordination degree was at a medium level. Six counties within Huludao City’s administration have increased their coupling coordination degree, whereas Shuangtaizi District, Xinglongtai District, and Zhen’an District have reduced their coupling coordination degree. In 2023, the coupling coordination degree was 0.64, and 90% of the regions were coordinated.
The gap in coupling coordination degree counties continued to decrease, showing that rural living, production, and ecological functions in the Economic Belt were closely associated and in a stage of benign coupling development. However, Wafangdian City, Changhai County, Zhen’an District, Bayuquan District, and other economically developed metropolitan areas have experienced a “retrogressive” process of rural functional coupling and coordination, indicating that these areas are ignoring the improvement of the rural living environment and ecological environment while vigorously developing the rural economy.
3.4 Analysis of influencing factors
3.4.1 Impact factor identification
In 2000, PLC, FPCNI, and CLA25° were the major factors affecting RMF spatial distribution. In 2013, CLA25°, AA, and STL were the major factors affecting RMF spatial distribution. In 2023, AA, FPCNI, and BRSD were the major factors affecting RMF spatial distribution (Table 4). Overall, the dominant factor of RMF spatial distribution is shifting away from natural resources to socioeconomic factors and policy environment. From 2000 to 2023, natural resources had some impact on RMF, but the dependence continued to decline, and each factor’s influence ranking decreased. For example, the q value of CLRR decreased from 0.336 to 0.105, and the q value of CLA25° decreased from 0.420 to 0.311. Simultaneously, the explanatory ability of PPI’s spatial distribution in 2013 and 2023 is tiny and failed to pass the significance test, indicating agricultural production and ecological functions are steadily reduced as secondary and tertiary industries develop and upgrade. The aggregate q value of socioeconomic and policy environmental elements has steadily grown over time, and the ranking eventually rose to the top. For example, the rising q values of FPCNI and STL show that improving the rural regional economy leads to an increase in farmers’ demand for self-development and accelerates the process of agricultural modernization. Meanwhile, the explanatory power of AA has gradually increased under the background of ecological civilization construction. The introduction of a series of policies, such as “the policy of returning farmland to forest ” and “Building a Shared Future for All Life on Earth,” has significantly improved the level of regional ecological function.
TABLE 4 | Factor detection results of rural multifunctional system from 2000 to 2023.
[image: Table 4]3.4.2 Interaction of influencing factors
The 2023 time point is used as an example to detect the interaction of different influencing factors (Figure 6). The results reveal that the interaction of any two factors is greater than that of a single factor. The types of interaction are double factor enhancement and nonlinear enhancement, and there is no independent and weakening relationship. There are five double-factor enhancements and 40 nonlinear enhancements. In 2023, the highest q value, BRSD ∩ PLC, is 0.999, and the lowest, BRSD ∩ EAVG, is 0.757. It explains that the interaction between influencing factors is conducive to enhancing the explanatory power of the spatial-temporal evolution of RMF; that is, the spatial–temporal evolution is the result of the combined influence of multiple factors. Therefore, it is further verified that the socioeconomic data, especially the FPCNI and STL, are the leading influencing factors of spatial-temporal evolution, and the interaction between these two factors and other factors can explain the spatial-temporal distribution of RMF to a large extent.
[image: Figure 6]FIGURE 6 | Interactive detection values of the rural multifunctional system in 2023.
4 COMPREHENSIVE POLICY RECOMMENDATIONS FOR STRENGTHENING RURAL DEVELOPMENT
The two-dimensional graph theory clustering method was used to provide measures for rural development (Zhang et al., 2020; Chang et al., 2017). In this way, it can maintain the relative constancy of natural resources and socioeconomic data within each county and maintain the continuity and integrity of administrative divisions. We classified 30 counties in the Economic Belt as having six categories of rural development and proposed management methods (Figure 7).
[image: Figure 7]FIGURE 7 | RMF minimum generating tree and functional partition in 2023.
Coordination and optimization area (Zone I). The RMF value is 0.233–0.252–0.458, indicating undeveloped functions and a mild imbalance of three functions. This area’s physical position and socioeconomic status are both deplorable. In recent years, there has been a certain amount of idle land in these regions representative of typical resource-depleted cities in Liaoning Province, which directly impacts the land usage rate, output rate, and utilization efficiency of villages. Therefore, the first step is to reinvigorate inefficient and idle land, to rationally manage the land use scale and layout of villages, and to strengthen the rehabilitation of old and damaged dwellings. The second step is to comprehend the “dual strategic posture” of the Economic Belt and the integration of western Liaoning into Beijing, Tianjin, and Hebei, promote distinctive agriculture, and improve agricultural machinery and agronomy integration system development. The third requires adhering to ecological priority by aiming for carbon neutrality and emission peak, reducing rural household and production waste, and preventing environmental morbidity.
Potential lifting area (Zone Ⅱ). The RMF value is 0.272–0.391–0.280, which is characterized by living function, strong development strength, and tremendous potential. Some counties are adjacent to metropolitan regions, where secondary and tertiary industries have a solid development base. The per capita net income of farmers can reach 20,000 yuan (RMB), ranking first in the province for several years in a row and indicating that the proportion of property and transfer income of rural residents in this region is high. However, there is wasteful internal friction and low-level repeated construction in land use, which obstructs the efficiency of industrial integration and the optimal utilization of land resources. In the future, we should mobilize villagers to establish a business model by taking shares in villagers’ homesteads and agreeing on specific cooperation methods, dividend methods, and compensation methods to provide a strong guarantee for the economic increase of rural residents. We will conduct experimental projects to change rural residential land, revitalize deteriorating historic dwellings, and optimize rural house layout.
Moderate lifting area (Zone Ⅲ). The RMF value is 0.339–0.390–0.386, with agriculture production being the most important function, and the three functions are strongly coordinated. This area is part of the “western Liaoning Corridor.” The East is a transportation center that connects North and Northeast China. As a national commodity grain base, this area is an important part of the main agricultural production area of Liaoning Province. All counties should accelerate agricultural supply-side structural reform, increase cultivated land output efficiency, strengthen agricultural structure adjustment, and prioritize the processing of agricultural goods and export of healthy food as rural pillar industries. While strengthening the agricultural production function, we should focus on the prevention and management of agricultural film pollution to avoid agricultural pollution.
Key promotion area (Zone Ⅳ). The RMF value is 0.284–0.404–0.381, which is characterized by a high level of non-agricultural production and comprehensive rural development. This is the “Northeast Asia International Trade Center.” In the future, the first steps will highlight the leading role of the comparative advantage function of non-agricultural industries and strive to cultivate and expand three new industries: clean energy, tourism, and healthcare, and further consolidate and enhance the development of rural enterprises and tourism. The second step will establish a modern green agriculture cluster represented by planting, breeding, and processing of agricultural products, develop the agricultural complementary industry, and promote farmers’ sustained and stable increase in production and income. The third phase will delineate the red line for regional ecological protection and reduce the use of high-quality cultivated land and ecological land for non-agricultural industry growth.
Ecological guarantee area (Zone Ⅴ). The RMF value is 0.207–0.328–0.656, which is characterized by high agglomeration conditions of natural resources, strong functions of ecological maintenance and stability, and weak living and production functions. This area is a part of the mountains and hills in Eastern Liaoning. It is the province’s most abundant source of ecological resources and the primary supplier of ecological goods. Regional water resources are plentiful, with the per capita water volume reaching 3968 km3, ensuring the smooth growth of regional industrial development, urban building, and other activities. The development of this region should take the initiative to launch eco-agricultural products and eco-tourism products and actively develop the processing industry of agricultural and sideline products with green and ecological characteristics in conjunction with the border economy and national characteristics. Concurrently, a village landscape corridor, village leisure and greening ecological corridor, the regional water network space, and the waterfront area should be constructed.
Comprehensive development area (Zone Ⅵ). The RMF value is 0.382–0.422–0.280, which indicates an obvious industrial agglomeration effect and high people’s living standards. This area has a strong non-agricultural production function, and the attraction and radiation of cities increase the rural economic level. However, the per capita cultivated land area is declining, the reserve resources of cultivated land are severely depleted, and the contradiction between man and land is becoming increasingly prominent. The rural economy ignores the improvement of the rural living environment and the natural environment. While strengthening regional industrial agglomeration, regional development should fully protect rural residents’ housing and production land needs, establish a dynamic supervision system for the balance of cultivated land occupation and compensation, and pilot a project linking the increase and decrease of urban and rural construction land, in order to ensure the dynamic balance of agricultural production land and non-agricultural production land. The ease, livability, and comfort of the living environment will be improved by further optimizing the building of supporting infrastructure for rural life.
5 DISCUSSION
5.1 Realistic change mechanism of RMF under multiple influencing factors
There is a complex relationship between the categories of rural regional functions and influencing factors. In the past 20 years, the dominating factors of RMF spatio-temporal distribution have shifted from natural factors to socioeconomic factors and policy environmental factors. The ability of natural resource limitations to affect rural development and functional transformation is increasingly lessened, and the effect ranking of diverse elements is low. Studies have shown that natural geography is the basic factor for the formation of the rural multifunctional pattern, and its influence is weakening. Regional economic strength, urbanization level, and fixed asset investment are the dominant factors affecting the evolution of rural multifunctional spatio-temporal patterns. Its influence is becoming more and more prominent, and the evolution of the rural multifunctional pattern in the future will still be mainly driven by the dominant factors of economic and social development (Zhang and Zhang, 2022). Our finding supports previous research conclusions (Yang et al., 2023b; Xu and Fang, 2021).
The decrease in q values for CLRR and CLA25° indicates that with the advancement of social and economic levels, as well as the optimization of policy environments, industry and tourism have developed and occupy a large amount of cultivated land, resulting in the decline of the agricultural production function, particularly the status of the cultivated land production function. Natural resource constraints on rural development and functional transformation are increasingly eroding. At the same time, the spatial distribution interpretation ability of PPI in 2013 and 2023 is tiny and fails the significance test, indicating that as secondary and tertiary industries grow and upgrade, agricultural production and ecological functions are continuously undermined. With time, the q value of regional economic strength rises to first place, becoming the most important factor impacting RMF. The increase in q values for FPCNI and SLT indicates that the combined action of endogenous driving force and favorable externalities of rural development has promoted the optimization and upgrading of agricultural production and employment structure in rural areas, which has a significant impact on rural social security and the agricultural production function. The explanatory power of policy environmental variables has steadily increased, the proportion of farmland returning to forest areas has increased, and the function of land ecological conservation is helpful to the improvement of the regional ecological environment (Kimmel and Hull, 2012). It will not only play a role in land ecological conservation, but it will also play a constraining role in regional economic growth, resulting in a multifunctional, holistic improvement of regional land use.
5.2 Limitations
Some limitations need to be considered when interpreting our findings. Due to the difficulties in gathering data, the RMF research scale chooses the macro size of the county, which is not refined to the micro village scale. Although the spatial elements of rural areas should be considered the main factors in the selection of indicators, the results can only represent the multi-function of rural areas at the macro level. In the future, typical villages and towns should be selected for micro-level research. At the same time, the multifunctional measurement indicators are being expanded. The article only constructs the rural regional multifunctional evaluation index system from the perspectives of “living, production and ecology” and lacks consideration of farmers’ behavior, policy guidance, and cultural environment. Whether the construction of the evaluation index system is universal remains to be further explored. RMF is the product of rural areas giving play to their own attributes and working together with other systems. As a village in the overall development area of the economic circle, the characteristics of regional function complexity and leading function differentiation are obvious. In the future, how to carry out rural regional multifunctional economic transformation and development, as well as village self-recovery functions, will continue to be a priority.
6 CONCLUSION
According to the findings, RMF has an extremely substantial spatial positive link with the passage of time. At the same time, the coupling coordination degree is showing a “gradual upward” trend from reluctant coordination to good coordination, and the gap across counties is shrinking. Natural resources have switched to socioeconomic variables and policy environment as the dominating drivers of RMF spatial differentiation during the last 20 years. The rapid non-agricultural transformation of agricultural production factors, the increasing empty and waste of village construction land, and the deep poverty of some rural areas are the most prominent structural contradictions in the development of the Economic Belt at this stage.
In view of the general distribution pattern of RMF vulnerable areas and local prominent strong areas in the study area, the Economic Belt urgently needs to promote benign and coordinated multi-functional development while optimizing and upgrading rural regional functions. Development plans should adopt a cluster development strategy in conjunction with advantageous rural industries, increase the radiation and driving function of strong areas, achieve complementary, mutual, and linking growth between villages and villages, and close the regional gap. At the same time, it is important that development actively protects the ecology and promotes the sustainable development of the village. Given the continued deterioration of the rural ecological function, we must focus on ecological building, optimize the structure of rural ecosystems, integrate development, and enhance the rural ecosystem’s overall economic, social, and ecological advantages in the future. We must continuously explore new rural industries, new formats, new models, and new technologies to realize the sustainable development of rural ecosystems.
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