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Abstract

:

Improvements in and the assessment of land use efficiency are crucial pillars for achieving the Sustainable Development Goals (SDGs). This study reviews 208 representative papers, oral reports, and project reports to provide a systematic and comprehensive understanding of the current status and future trends of research on land use efficiency assessment. The findings reveal that (1) the number of papers on land use efficiency assessment is rapidly increasing, with research primarily focused on environmental science and ecology (n = 157, 75.48%). (2) Quantitative models are gaining popularity for land use efficiency assessment, with more than 46.63% of the studies adopting the data envelopment analysis (DEA) model. (3) The definition and analysis perspectives of land use efficiency are diverse, but research on relative land use efficiency and comprehensive analysis perspectives accounts for a significant proportion. (4) Constructing a large and complex model that incorporates geospatial effects, big data, and computer technology is a hot topic for future research methods. On the other hand, conducting land use efficiency research on a global scale is more conducive to achieving the SDGs. (5) The core to improving land use efficiency lies in the joint implementation of multi-pronged measures.
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1. Introduction


Sustainable development is broadly defined as “development which meets the needs of the present without compromising the ability of future generations to meet their own needs” [1]. Sustainability fully embodies a process or state that can be maintained over time from various perspectives, including natural, economic, social, and human. The definition emphasizes holistic, endogenous, and integrated perceptions [2]. The connotation of sustainable development theory is perceived through a long process, from survival to development and then from development to sustainable development [3]. It is perceived as a vector of behavior in a complex natural–social–economic system that leads to rational and harmonious development [4]. In summary, sustainable development is a high-level overview of comprehensive and sustainable human development that takes into account multiple perspectives from both natural and social aspects. Therefore, its development is supported by multidisciplinary fundamental theories such as ecology, sociology, economics, geography, and medicine [1,4]. In 2015, the United Nations officially adopted 17 Sustainable Development Goals (SDGs), underpinned by these internal developments and theories. Land is the main element of the natural environmental substrate and is an important carrier of socio-economic development [5]. Furthermore, the rational use and management of land is a crucial way to resolve socio-economic conflicts and contribute to the harmonization of environment, society, and economy [6]. In addition, the SDGs will thoroughly address the development of the three dimensions of society, economy, and environment in an integrated manner between 2015 and 2030 [6,7]. It can be seen that the use, management, planning and conservation of land are closely related to the achievement of the SDGs.



With the continuous increase in population and urban expansion, the demand for land resources is rapidly increasing [8]. As we all know, the availability of land that can support human production and life is fixed and limited. To achieve SDGs in social, economic, and environmental domains while faced with this constraint, it is imperative to improve land use efficiency [9]. Improving land use efficiency is also a crucial strategy for promoting sustainable development globally. The relationship between humans and land has posed prominent contradictions, leading scholars to recognize the scarcity and importance of land resources. Consequently, the field of land research has attracted the attention of multi-disciplinary experts [10]. The idea of optimizing the intensive use and efficiency of land resources has gained momentum and has become a popular topic of discussion [11,12].



As per the definition provided by the Food and Agriculture Organization (FAO) of the United Nations, land use refers to the various arrangements, activities and inputs undertaken by people to ensure the efficient production, transformation and maintenance of land. Land use is a dynamic process. Since ancient times, the degree of land utilization and the benefits and services obtained by using land are not nearly the same [13]. Currently, the key aspects of land use mainly encompass land resource surveys, land use structure analysis, land use planning, land development and land protection. Land use is not only a technical problem, but is also an economic problem. It involves many disciplines such as management, planning, geography, ecology and so on [14]. Consequently, land use is uniquely complex and systematic. With the cross-disciplinary fertilization and theoretical support, the changing dimensions of land use have gradually diversified since the 21st century [14,15]. The three main dimensions of change are spatial, temporal, and functional. The spatial dimension has become increasingly important with research including multiple scales such as local, regional, and global [16,17]. Land use has also exhibited various spatial development patterns, including cluster, axis, planar and three-dimensional development [17]. The time scale is also a crucial dimension, with studies investigating short-, medium- and long-term land use changes and their impacts. Predicting future land use changes is also a focus, providing data for land use planning [18]. Furthermore, different land use classes have their own functions, including mixed use, function overlay and spatial sharing [19]. Studies also focus on land use practices such as production agriculture, urban development, and natural resource conservation [20]. In summary, diverse perspectives and dimensions enrich research on land use change. However, the constantly changing dimensions reflect the increasing complexity of land use and the enhancement of land use activities. The intensification of land use activities has emerged as a critical factor that impacts sustainable global growth [15]. On the one hand, the overdevelopment and uncontrolled use of land resources in areas with high natural suitability have led to the disorderly expansion of built-up areas, destruction of green ecological land and occupation of agricultural land. These challenges pose significant threats to regional sustainability. On the other hand, abandoned farmland and unused land in marginal areas pose an even greater threat to food security and efficient land use. High-intensity land use has resulted in a range of problems, such as micro changes in the urban environment, increase in agricultural land pressure, soil pollution and a decrease in biodiversity. These problems create many difficulties for the development, management, and sustainable utilization of land resources [21].



Land use efficiency is a multi-dimensional and comprehensive concept that involves the coordinated and sustainable development of production, living and ecological space. Therefore, it is supported by a variety of underlying theories. For example, location theory reveals the distribution pattern of land in geographic space and provides a basis for decision making in terms of improving land use efficiency [22]. The law of diminishing returns when associated with land guides the input and output of land to avoid unnecessary efficiency losses [23]. Ecological economics theory guides the optimization of land use efficiency by taking into account both economic and ecological dimensions [24,25]. Furthermore, the basic theories, such as the smart growth theory, input–output analysis theory, and the human–land relationship theory, also lay the foundation for the research of land use efficiency [26,27]. Land use efficiency can be defined as the benefit obtained from a given land area or as the ratio of input and output [28,29]. This involves investing natural, social and innovative technological resources into the land to obtain various materials and services. Land use efficiency can provide a comprehensive reflection of the relationship between human economic activities and natural subsystems. It is a powerful indicator for measuring the coordinated development of land, ecology, society, and economy. In addition, the implementation of SDGs aims to thoroughly solve the problem of social, economic, and environmental development coordination. Thus, land use efficiency assessment can be used to measure the achievements of the implementation of SDGs. In recent years, research on land use efficiency has gained significant attention and has been widely discussed by experts in various fields. Due to the diversity and complexity of land use efficiency, scholars have approached related research from different perspectives. The literature includes various land use efficiency assessment models and methods [30], multi-perspective assessment analyses based on different land use types [31], the analysis of influencing factors [32], as well as discussion on the spatial heterogeneity, convergence, and trends inland use efficiency [33,34]. In summary, the literature focuses on the assessment and spatiotemporal analysis of land use efficiency to clarify its current status. This provides researchers with the necessary foundation to give targeted solutions for improving land use efficiency. Moreover, improving the efficiency of production, living and ecological space based on land use is essential in order to achieve the national SDGs. In addition, the assessment of land use efficiency is the basis and prerequisite for land use efficiency improvement. However, few researchers have reviewed the research framework of land use efficiency assessment and have discussed future research directions against the background of SDGs. Therefore, this paper aims to provide a qualitative and quantitative review of the literature on land use efficiency assessment. Additionally, we provide a critical reflection on scholars’ oral presentations and project results, covering a wide range of topics and in-depth discussions.



Nowadays, with the rapidly increasing number of papers and the complexity of interdisciplinary research, it is essential to use research methods and tools associated with analyzing the literature to accurately select and accurately grasp the literature. Researchers favor research methods that involve the literature, such as the systematic literature review method [35], bibliometric method [36], and content analysis method [37,38]. The systematic literature review method is a research method that solves specific problems using information technologies such as identification, screening, analysis and integration [39]. Bibliometric analysis uses mathematical and statistical methods to describe, evaluate and predict the current situation and development trends in science and technology by examining the various characteristics and quantities of the literature [36]. It focuses on analyzing the external characteristics of the literature’s quantity, studying the distribution characteristics, variation laws, and quantitative relationships of the literature [40]. The content analysis method is a quantitative analysis based on qualitative research. It starts with the qualitative problem hypothesis and uses quantitative statistical analysis methods and tools to deal with the research object [41]. This review primarily focuses on the quantitative analysis of papers, so the systematic literature review and bibliometric methods are selected. Furthermore, the rich knowledge relationships contained in the literature require bibliometric software to support the research. Scholars prefer using software such as co-occurrence clustering, CiteSpace, VOSviewer, R language and other measurement software to analyze these relationships. Different software has different analytical focus. This study mainly explores the information of knowledge mapping, clustering, and keywords in the literature, and takes into account the simplicity of operation and the aesthetics of drawing. Finally, VOSviewer is chosen to supplement the research.



In this review, we include the following questions:




	
What are the quantitative characteristics and major research topics of land use efficiency assessment papers?



	
What are the land use efficiency assessment measurement models? Which models are the most popular?



	
What are the multi-perspective analysis of land use efficiency assessment results?



	
What kind of assessment models and analytical perspectives would be more useful in the future to support an improvement in land use efficiency in the SDG framework?








This study presents a systematic review of land use efficiency based on papers, supplemented by oral reports from experts and project results. The second section outlines the research methods and material collection. The third section provides a comprehensive summary from multiple perspectives in order to address the issues raised in the study. The fourth section offers a critical and in-depth discussion of the research results, and suggests the future research direction. Finally, the fifth section is the summary and conclusion of this review.




2. Materials and Methods


2.1. Systematic Literature Review


Systematic literature review is a method used for gathering a significant amount of relevant data on a specific subject, research topic, profession, or aspect. This approach makes a comprehensive overview of a particular field by reading, analyzing, summarizing and sorting out the latest progress, academic opinions or suggestions. Moreover, it helps to assess the validity and effectiveness of each study to address a particular question by identifying all the relevant literature thoroughly [35]. Scholars have always regarded systematic literature review as an essential research method that fosters clear scientific communication and yields effective results [38]. In this study, we adhere to the principles of a systematic literature review and describe the methodology and procedures used to conduct it.




2.2. Bibliometric


This study utilized the bibliometric method to quantitatively analyze and visualize the literature. By applying mathematical and statistical concepts, the bibliometric method can reveal the characteristics of the literature, such as its attribute distributions, network relationships, research hotspots and development trends. The advantage of the bibliometric method is that it can display the research progress comprehensively and intuitively, which facilitates the excavation of information deep in the literature [40,42]. To further aid in this analysis, the VOSviewer was used to build and visualize bibliometric networks. It can generate network diagrams that display the relationships among the authors, articles and keywords of the literature. This review uses VOSviewer to quantitatively analyze the characteristics of land use efficiency assessment research.




2.3. Literature Search and Selection


This review surveys the publishers of papers related to land use efficiency assessment, and references review papers in related disciplines [38,43,44]. We chose Web of Science, Science Direct and Springer Link to collect the papers considering the breadth, authority, and comprehensiveness of the literature databases. The date range included the period from the first coverage year of the database in 1982 until the end of 2022. After conducting a rigorous process of collation, comparison, and repeated examination, we found 422 papers that met the search requirements. We further screened these papers, including research papers, conference papers and review papers, and ultimately found 418 papers. In order to focus our review on methodology and on analytical perspectives of land use efficiency assessment, we carefully removed gray articles that provided less methodological detail and unclear perspectives. This study ultimately selected 208 papers that were published between 2005 and 2022. In addition, we collected oral reports and project results to assist in the discussion of bibliometric results.




2.4. Review Framework for Analysis


SDGs can be subdivided into three categories: social goals, economic goals, and environmental goals. Land is the carrier of the natural environment, economic development, and human society [17]. Land use efficiency measures the input–output ratio and the coordinated development status of land, the environment, society, the economy, and population [23]. Improving land use efficiency based on limited land resources contributes to the implementation of the three categories of SDGs. Conversely, the SDGs guide the direction of improving land use efficiency from the economic, social, and environmental perspectives. This review systematically summarizes the assessment of land use efficiency in the context of SDGs, as shown in Figure 1. The analysis is divided into three levels. At the first level, the study provides a quantitative and qualitative description of the papers, which mainly includes the major publications, research directions, keywords, etc. The second level involves extracting the definition, modeling method, indicator system, and the perspective of research analysis via a longitudinal and horizontal analysis of the literature. The third level is a critical discussion and a discussion of the future research directions.





3. Results


3.1. Description of the Literature Dataset


3.1.1. Land Use Efficiency Assessment Papers are Being Published Rapidly


The publication time distribution and growth trend of 208 papers are shown in Figure 2. The number of papers shows a continuous growth trend from 2005 to 2022. In 2010, there was a clear increase in the publication of research papers on land use efficiency. Chinese researchers accounted for a relatively large proportion of these papers. This is mainly due to the adoption of the National Land Planning Outline in China in 2010. The launch of these important documents triggered a surge in research on land use efficiency assessment. Notably, the number of papers has increased rapidly since 2019, with a total of 146 papers published in 2019–2022, constituting 70.19% of the overall output. An increase in the number of papers suggests that the field is gaining more attention.




3.1.2. Papers Published in High-Level Journals are Concentrated and Leading


As shown in Figure 3, this review compiles journals that have published more than three papers. We find that nearly 40% of the papers come from the top three journals, namely Sustainability (n = 29), Land use policy (n = 26), and Land (n = 25). While Sustainability and Land primarily focus on environmental science and ecology, Land use policy centers on law. Despite their distinct subject areas, all three journals center on land development, regional and urban planning, and environmental studies. Additionally, some economics, management science and geoscience journals have published a limited number of research papers on land use efficiency (Habitat International, Journal of Geographical Sciences, Annals of Operations Research, etc.). Given their high influence factors, extensive readership and citation rate, these journals offer widely recognized perspectives on the research topic.




3.1.3. Carry out Cross-Research around the Field of Ecological Environment


As shown in Figure 4, 75.48% (n = 157) of the papers belong to environmental science ecology, indicating a significant interest in research topics related to land use efficiency in this discipline. Additionally, 21.63% (n = 45) papers cover other science and technology-related topics. Furthermore, various research directions, such as in engineering (n = 22), public administration (n = 22), urban studies (n = 19), business economics (n = 15) and development studies (n = 15), also contribute to the field of land use efficiency. In addition to these, land use efficiency measurement and analysis involve computer science, operational preparedness, and management science. From a disciplinary perspective, the study of land use efficiency is broad, involving agriculture, urban development studies, and architecture and business economics. Thus, the research on land use efficiency is extensive and scattered, which is a complex multi-level research issue.




3.1.4. China is a High-Frequency Keyword


Keyword clustering is an active area or direction of research, where the size of a circle indicates the frequency of keywords. As shown in Figure 5, the red cluster is the largest of the three clusters, and its top three keywords are China, growth, and impact. Other relevant keywords in this cluster include CO2 emissions, energy, productivity, technical efficiency, etc. The relevant research of the red cluster primarily focuses on China and tends to examine the subject from the perspective of influencing factors, economic development, and the environment [34,45,46,47]. Specifically, the red cluster focuses on the influencing factors of land use efficiency from different perspectives [48,49], the constraints of carbon emission on efficiency measurement [50], the calculation of the efficiency value of industrial land [32], and the research of technical efficiency [51]. The keywords in the green cluster include urbanization, land use efficiency, sustainability, model, and more [28,52,53,54]. The related research pays attention to urban land use efficiency and the sustainable development of the city [26,31,55]. In the blue cluster, studies examine the research topic from a macro perspective, focusing on the influencing factors of land use efficiency and its related policy recommendations [48,56,57,58]. Additionally, the effects of land use expansion, its patterns and spread on efficiency are also discussed from multiple perspectives [11,59]. In summary, China is the only country that appears in the knowledge graph of keyword co-occurrence. However, further analysis of the papers reveals that countries such as Finland [60], Spain [61], Vietnam [62], Laos [63], and Ethiopia [31] are also continuing to focus on research on land use efficiency assessment.





3.2. The Definition of Land Use Efficiency Presents a Variety of Understandings


After reviewing the literature, it appears that land use efficiency can be defined from four perspectives. First, the SDGs define land use efficiency as the ratio of the land consumption rate to the population growth rate over time, rather than efficiency at a single point in time [53,64]. Second, some studies define land use efficiency as economic output per unit of land [65,66]. Specifically, this definition includes the “ratio of the total output value of the secondary and tertiary industries to the area of the built area” [67,68]. Third, some scholars define land use efficiency in terms of the maximum benefit or the minimum cost of resources [50]. For example, Liu et al. defines land use efficiency as “the ratio of current land-use performance over potential maximum land—use performance” [69]. Hernandez explores the maximum benefits generated by solar installations per unit area in order to study land use efficiency [70]. Finally, some researchers define land use efficiency by considering material input, desirable and undesirable output [11], and the processes of production, living and ecological activities on land. This definition abstracts these processes into input–output processes and subdivides them into land use technology production efficiency and land use total factor production efficiency.



With the expansion of research perspectives and topics, the definition of land use efficiency has been refined under the framework of the four summarized definitions. Some scholars have conducted detailed studies on cultivated land use efficiency, industrial land use efficiency, land use economic efficiency and land use ecological efficiency [71,72,73,74]. Although the definitions of land use efficiency differ, they share two essential aspects. Firstly, the definition considers either minimizing inputs while maintaining fixed outputs, or maximizing outputs while keeping input elements fixed. Secondly, the definition emphasizes that the optimal combination of various production factors can be achieved through the rational distribution of the proportion of these factors [75]. Moreover, the differing emphases in these definitions serve the SDGs of land, ecology, society, and economy from different perspectives.




3.3. Data Envelopment Analysis (DEA) and its Expansion Model are Obviously Favored by Scholars


The model of land use efficiency assessment is a core technical and scientific issue. The accurate measurement of land use efficiency is crucial for spatiotemporal heterogeneity analysis, the decomposition of influencing factors and optimization. Table 1 shows the summarization of the more popular models and methods used in the current research.



3.3.1. DEA Series Models


The DEA series models have been utilized extensively, with 97 known applications to date. Over the past four decades, the DEA model has gradually developed into a method model system with multiple branches. DEA is a non-parametric technical efficiency analysis method that relies on relative comparison between evaluated objects. It was first proposed by Charnes, Cooper and Rhodes in 1978 [76]. The initial DEA model was divided into two categories, the Charnes, Cooper and Rhodes (CCR) model, which is based on the invariant return to scale, and the Banker, Charnes and Cooper (BCC) model, which is based on the variable return to scale. According to the difference in the distance function, the DEA model can be further divided into a radial DEA model and a non-radial DEA model. In 1993, Andersen and Petersen proposed the super efficiency model to solve the problem of multiple decision-making units being evaluated as effective during the efficiency measurement process. Subsequently, the DEA series models, Malmquist total factor productivity index and multi-stage DEA model experienced an increase in their applicability. The DEA model is a non-parametric model that requires the estimation of parameters based on the production function. However, the efficiency measured by the DEA model is relative efficiency rather than absolute efficiency, and measurement errors in the data are not accounted for [77,78].




3.3.2. Mathematical Ratio Method


Thirty papers have used the mathematical ratio method to measure land use efficiency, which is a methodology proposed in the SDGs. To apply this method, one must first select appropriate indicators based on the definition of land use efficiency, and then calculate their ratio. The method’s principle is straightforward, and its operation’s simplicity makes it suitable for large-scale efficiency measurement. However, a limitation of this method is that it only considers a few indexes during the calculation process.




3.3.3. SFA Model


The SFA model is a widely used approach in scientific research on land use efficiency, having been employed in 17 papers. It is a parametric model, meaning that its parameters are established prior to measuring the land use efficiency. This can increase the difficulty and complexity of the calculation. However, this method takes into account the influence of random factors on efficiency [79,80,81].




3.3.4. DID Model


In recent years, the DID model has gained popularity among researchers for its simple principle and ease of use, and has been used in ten papers to measure land use efficiency. It is a robust methodology for evaluating policy effects that helps to circumvent endogeneity issues. It can also help alleviate the problem of biased missing variables to some extent. Furthermore, the DID model is easy to understand and operate. However, it may not be suitable for cross-section data and is better suited for processing panel data [82,83].




3.3.5. Comprehensive Analysis Method


The comprehensive analysis method is commonly used to measure land use efficiency. This approach involves calculating the value by adding the multiplication of the indicator and the weight of the indicator. It is suitable for assessing multiple indicators simultaneously. However, there is no fixed standard for determining weights, which may affect the accuracy of the land use efficiency measurements.



In addition, there are other methods, such as life cycle methods [84], ecosystem assessment health methods [29], and ecological footprint methods [85], that can be used to assess land use efficiency from a specific perspective.





3.4. The Indicator System Lacks Uniformity and Hierarchy


There are three main sources of data for measuring land use efficiency: (1) Statistical data are simple to obtain and constitute panel data [86]. They are suitable for large-scale and long-time-series land use efficiency studies. (2) Field survey data. Field survey data are obtained through field research or questionnaire surveys [87,88]. The cost of obtaining field survey data is high as they are difficult to obtain. However, the quality of field survey data is high, which can improve the accuracy of the measurement and truly reflect the characteristics of land use efficiency. (3) Remote sensing image data. Remote sensing image data are easy to acquire and have large coverage. Therefore, they are the preferred data for global and national large-scale land use efficiency research [89,90]. Additionally, basic geographic information data [91], such as topography and geomorphology, traffic, and road networks [92], and water and river networks, are commonly used to supplement land use efficiency measurements.



Due to the inconsistency in research purposes and perspectives, the selection of the indicators used for land use efficiency assessment also shows great variability. When land use efficiency is defined as a ratio relationship, the study is simple and clear in making indicator selection; most studies choose two indicators, population size and built-up land area. However, when the land use efficiency process is abstracted as an input–output system, the choice of indicators presents diversity. It is summarized into input indicators, desirable output indicators and undesirable output indicators [30]. These three categories of indicators are generally selected from multiple dimensions, such as land, the economy, population, and the environment, according to the research topic and research content [93]. The selection of the indicator system is the basis of land use efficiency assessment. In summary, the current index system has obvious individualized characteristics, with indicators selected based on specific research content, study area characteristics and researcher knowledge. This facilitates detailed research and the multi-perspective analysis of land use efficiency assessment. However, this phenomenon also leads to highly subjective and poorly transferable indicator systems, making it difficult to conduct cross-sectional comparative studies of research results from different researchers and different regions. The lack of uniformity and hierarchy in the indicator system for land use efficiency assessment is not conducive to the development of standard documents for uniform assessment at a national or global level. Therefore, it is a favorable choice to construct an indicator system that takes into account both uniform and characteristic indicators.




3.5. The Assessment of Comprehensive Land Use Efficiency Accounts for a Large Proportion


This review divides the research topics of 208 papers into 7 categories, as presented in Table 2. Firstly, the total number of papers on efficiency assessment without land use classification accounted for the largest proportion, with 112 papers accounting for 53.85%. In this category, researchers conducted studies at various scales, such as global [53], urban agglomeration [48], river basin [94], megacity [51], provincial [95], municipal [91], and mountain town [96]. Of course, there were also explorations of land use efficiency in areas with unique characteristics, such as new districts [97], mining areas [98], and resource-based cities. Second, 15.87% (n = 33) of the papers focused on the measurement and identification of factors that influence industrial land use efficiency. As industry is a crucial driver of national economic development, it has been a focal point of research for scholars. Additionally, some studies assessed land use efficiency for electronic enterprise land [99], logistics land [100], and intelligent land [90], reflecting their industrial functions. Thirdly, 13.94% (n = 29) of the papers examined agricultural land use efficiency, including cultivated land and farm use efficiency [24,101]. Fourthly, with the increasing prominence of eco-environmental problems, research on land use efficiency from an ecological perspective has become a new research hotspot. In total, 7.21% (n = 15) of the papers studied this field from three perspectives: urban green land use efficiency [102], green land use efficiency [103] and land use ecological efficiency [104]. In addition, there were studies on residential land use efficiency, construction land efficiency, tourist land efficiency, etc. Although the land use efficiency research covers a wide range of perspectives, it is essential to clarify all the various kinds of production activities that occur on the surface; this is a prerequisite for the comprehensive calculation of land use efficiency based on land use type.





4. Discussion


4.1. Greater Emphasis on Assessment of Relative Land Use Efficiency


There are different interpretations of the term “land use efficiency” in research. It can be divided into two categories: relative efficiency and absolute efficiency. Relative efficiency refers to calculating land use efficiency by comparing it with an excellent assessment unit [30], while absolute efficiency does not rely on any arbitrary assessment units. Both understandings of efficiency have been endorsed by researchers [53,94]. However, we find that the research on the relative efficiency of land use accounts for a larger proportion and is more popular. As shown in Table 1, the DEA series model has been used 97 times for relative efficiency calculation. This is sufficient evidence of scholars’ interest in the relative efficiency of land use. In addition, the existence of excellent assessment units can serve as a benchmark for non-excellent assessment units in order to improve land use efficiency [105,106]. This also saves time and costs when proposing targeted measures to improve land use efficiency.




4.2. Modeling Ideas and Big Data Enable Comprehensive and Detailed Land Use Efficiency Assessments


Scholars across various disciplines agree that human activities on the earth’s surface interact with the natural environment to create a complex human–land relationship regional system [107,108]. This relationship involves not only the interaction between humans and nature, but also the social relationships between humans and their dependency on nature [109,110]. To achieve sustainable development, it is important to achieve support for maximum progress with a minimum investment in resources and the least adverse impact on the environment [11]. This requires a focus on land use efficiency. The most effective way to grasp the current status of land use efficiency is through assessment and monitoring, which many researchers have agreed upon. For complex land use systems, it may be more helpful to adopt modeling to understand the relationship between people and land, systems, and inputs and outputs. Since the 19th century, scholars have developed land use models from multiple perspectives, scales, and temporalities. To sum up, the following developments and progress have mainly been achieved [111,112]. Firstly, there has been a shift from a single model to a coupled multi-model, which can consider more factors and make the results more suitable for reality. Secondly, there has been interaction between spatial models and non-spatial models. The land use model fully expresses the simulated spatial information with the help of remote sensing and GIS technology. Third, there is an increasing focus on feedback mechanisms, which is conducive to clarifying the relationship between people and land. The research of land use models has laid the foundation for the research of land use efficiency models.



At present, multidisciplinary models that involve operational research, mathematics, economics, and ecology support research on land use efficiency [27,34,113]. Many scholars have attempted to measure land use efficiency using various models, such as DEA, the mathematical ratio method, SFA, DID, and the comprehensive analysis method (Table 1). The land use efficiency model has also undergone gradual development and improvement. Firstly, the number of indicators considered in the model calculation have increased, and they have changed from simple to complex. The mathematical ratio method only considers two indicators, but the DEA model can consider dozens of indicators. Secondly, there has been a shift from the use of cross-sectional data models to panel data models. For example, there has been a progression from the DEA model to the Malmquist total factor productivity model. The analytical models used on land use efficiency results have also gradually diversified, and now involve mathematical ratio models, spatial clustering models, hotspot analysis models, coupled coordination models, and geographically weighted regression models. They have been used to realize the spatiotemporal evolution and influencing factors of land use efficiency [27,34,114]. However, existing land use efficiency assessment models have been constructed under the theoretical framework of economics and mathematics, ignoring the critical issue regarding the geographic attributes of the unit being assessed. The basic theory of geography is an important support for the study of the human–land relationship and land use efficiency [108,109]. According to the three laws of geography, spatial effects may be the key factor affecting the results of land use efficiency assessment. In the current research, the spatiotemporal analysis of efficiency values and the analysis of influencing factors have taken spatial effects into account, and some spatial models have been applied to explore the regularity [12]. However, fewer studies have considered spatial effects in the current research on efficiency measurement. Therefore, it is necessary to introduce spatial effects in the construction of land use efficiency assessment models in the future in order to obtain more realistic assessment results.



Furthermore, the comprehensiveness and internal system of the indicator system are essential prerequisites for accurately measuring land use efficiency [93,115]. Because of the complexity of the human–land relationship and of land use, an abundance of indicators must be considered and incorporated into the process of land use efficiency assessment. However, existing studies have limitations in terms of the number of indicators and they only focus on the efficiency of a particular perspective. The lack of agreement and hierarchy seriously undermine the effectiveness of such studies. Therefore, constructing a comprehensive land use efficiency index system is another research area that requires attention. In the future, it may be appropriate to look at the overall land use efficiency and develop a total sub-structure between the total efficiency and the sub-efficiency of each perspective. For instance, in the broader context of implementing the SDGs, we can construct sub-structures from three levels: environmental, social, and economic. A separate indicator system is selected for each structure, with specific indicators being considered from both qualitative and quantitative perspectives. There are broad indicators and focused indicators. Currently, the emergence of multi-source data, such as remote sensing big data, point of interest big data, statistical data, and field survey data, will also provide data support for the comprehensive assessment of the land use efficiency assessment index system [116,117,118]. However, due to the technical nature of the unified processing of data from multiple sources and the interwoven complexity of the indicator system, advanced computer technology is required to support the construction of the land use efficiency assessment model [116,117].



Based on the above discussion and analysis, the study of large and complex model construction considering geospatial effects, big data and computer technology is essential in order to promote developments in the field of land use efficiency. Analyzed from a geospatial perspective, there are complex interaction mechanisms between land patches that affect the land use pattern and inevitably impact land use efficiency. In future research, it will be necessary to focus on integrating this mechanism into the model of land use efficiency assessment. Furthermore, with the gradual sophistication of models and the rise of big data, advanced computer technology may be the foundation of studying land use efficiency in depth.




4.3. A Global Perspective and a Hierarchical and Integrated Assessment are More Conducive to Achieving the Stated Goals of Land Use Efficiency in Sustainable Development


Research scale diversification has gradually emerged, with a focus on major cities [81], urban agglomerations [86], watersheds [119], and countries [33]. However, there is a lack of studies exploring the spatiotemporal variation characteristics of land use efficiency at the global scale [113]. As we all know, SDGs are goals set from a global perspective [120]. They consider and envision sustainability at a global scale [121]. Land is the foundation and carrier of a series of activities related to the realization of SDGs, such as society, the economy, the environment and so on [5]. Therefore, research related to land use efficiency is an important support for the realization of SDGs. Further, comprehensively understanding and planning the 17 sub-goals in the SDGs could help guide the evaluation index system, analysis perspective and improvement goals of land use efficiency. There is a close relationship between SDGs and land use efficiency, as shown in Figure 1. Experts and scholars have repeatedly mentioned land use efficiency research issues from a global perspective in the literature, oral reports, and project conclusions [64,122]. Therefore, we believe that in order to achieve the SDGs and to build a sustainable human community, land use efficiency research from a global perspective is topic that must be addressed in future research. We can develop a framework for land use efficiency research based on SDGs. The framework can be constructed at three levels: social goals, economic goals, and environmental goals. Specific objectives closely related to land use can also be selected to explore land use efficiency in detail. For instance, we can construct indicator systems from the perspectives of inclusion, security, risk, population, and sustainability. The constructed indicator system can be applied to realize land use efficiency research from the perspective of sustainable community goals. Constructing a framework for land use efficiency research that is guided by SDGs is a long-term challenging research task.



An analysis of the literature shows that the main perspectives of land use efficiency assessment and analysis are comprehensive land use efficiency analysis and a certain type of land use efficiency analysis (e.g., arable land, construction land, etc.). Comprehensive analysis only provides an overview of land use as a whole and selects common and public indicators for the assessment and analysis of land use efficiency [28,29]. The complexity, hierarchy and systemic nature of land use are ignored, so the analysis results are more general. On the other hand, analytical studies of land use efficiency of a particular type often ignore the correlation between complex systems, leading to an inadequate and incomplete description of land use efficiency. To address these limitations, land use space can be classified according to land use type or main function type. Based on different types of land use in differing spaces, the index system of each type can be constructed to evaluate the land use efficiency separately. Then, the comprehensive land use efficiency can be calculated by assigning weights. In other words, this method tries to study the assessment of land use efficiency through the concept of decomposition and classification. This research idea considers both the efficiency of a single land use type and the total efficiency of land use, facilitating a comprehensive and detailed assessment of land use efficiency.




4.4. Multi-Pronged Measures to Ensure the Overall Improvement of Land Use Efficiency


The fundamental objective of exploring and researching land use efficiency from multiple perspectives is to develop reasonable strategies to improve efficiency. The ultimate goal is to establish land that serves human development better and contributes to the achievement of the SDGs goals. This review provides an overview of the initiatives that aim to improve land use efficiency from five aspects.



	(1)

	
Policy







Strengthening policy guidance and linkage management, and exploring the multi-level co-construction mechanisms established by the government, are essential measures to improve land use efficiency [123]. According to some researchers, to achieve this, the government needs to improve its assessment mechanism and fiscal system. It should also optimize the local fiscal expenditure structure, and implement various land finance policies that are suitable for local conditions [124]. For example, a market-oriented land concession system may be appropriate in some areas [56].



	(2)

	
Plan







Planning plays a crucial role in all aspects of land use and socio-economic development. It provides a clear direction, sets the scale, and visualizes the goals. Therefore, proper planning is a prerequisite to improving land use efficiency. To achieve this, we should use the factors intensive land use and carbon emissions as primary objectives and reference materials during planning. Moreover, we aim to improve land use efficiency from multiple perspectives by developing planned national spaces [29], industrial parks [125], farmland resources and ecological resources [126].



	(3)

	
The path of differentiated development







Improving land use efficiency should not be limited by the goal of achieving balanced development between regions [127]. Instead, development objectives should be defined based on the natural and social resources of each region [90]. Local government should formulate land development policies that consider the region’s specific circumstances and promote the marketization of land [33]. To enhance land use efficiency, governments should focus on increasing technology, capital and labor investments, while considering factors such as geographical location, economic level and resource dependence.



	(4)

	
Integrating carbon emissions into efficiency studies







At present, the issue of “double carbon” has become a significant environmental concern on the global stage. Many countries have established targets for peaking their carbon emissions by 2030 and achieving carbon neutrality by 2060. As a result, there is a growing trend of including carbon emissions in the assessment of land use efficiency [115], which is an essential environmental constraint that must be considered in the study of land use. The first concern is the carbon emissions that are produced by industrial land, as fossil fuel combustion contributes the most significant proportion of carbon emissions in the process of social progress and development. Meanwhile, scholars have also focused on carbon emissions resulting from agricultural land efficiency, which can be caused by the inappropriate use of agricultural machinery, fertilizers and pesticides [115]. Under the constraints of carbon emissions, improvements in and the measurement of efficiency are more conducive to the achievement of the “double carbon” goal.



	(5)

	
Enhancement of technological innovation







Currently, technology and innovation are the driving factors that hinder improvements in land use efficiency [128,129,130]. To address this, the government should first increase investment in science and technology innovation to enhance the innovation capacity of research institutes, enterprises, and individuals [74,131]. Specifically, energy-saving technologies, production technologies, industrial upgrading and industrial restructuring should be used to achieve industrial structure diversification, optimize industrial layout, and reduce industrial chain costs. Moreover, innovative technologies should be invested in living spaces and ecological spaces in order to reduce inputs and promote outputs, and improve land use efficiency.



In addition, we need to pay attention to improving the transportation network [100], the problem of population loss [92], and the cultivation of human resources [32].





5. Conclusions


Improving land use efficiency is a necessary step towards achieving the SDGs. In order to clarify research trends, perspectives, and hotspots in the area, we conducted a systematic review and summary of 208 papers related to land use efficiency assessment, while also paying attention to expert oral reports and project summaries. Our research yielded the following findings. (1) The number of papers related to land use efficiency has significantly increased since 2019. The research mainly focuses on two directions, environmental sciences ecology, and other topics related to science technology. (2) The definition perspectives of land use efficiency are diverse, and research on relative land use efficiency accounts for a larger proportion of papers and is more popular. (3) The DEA series models have been widely assessed and utilized by researchers in land use efficiency assessment research. The construction of a large complex model that considers geospatial effects, big data and computer technology is more conducive to the comprehensive and detailed assessment of land use efficiency. (4) The assessment index system of land use efficiency lacks uniformity and hierarchy. Additionally, the assessment and analysis of land use efficiency on a global scale is a hotspot for future research. (5) Studying the assessment of land use efficiency through the idea of disaggregation and classification is more conducive to clearly sorting out multi-level indicator systems and achieving the detailed and complex analysis of land use efficiency. (6) Multi-pronged measures, such as policies, planning, differentiated development paths and technological innovation, can help improve land use efficiency in order to achieve the SDGs.



To the best of our knowledge, little research has comprehensively reviewed and discussed the trends in the publication of research, definitions, research perspectives and model methods of land use efficiency. In this review, various aspects of land use efficiency assessment are discussed. We believe that our study is a novel work that fills a gap in previous research. We hope that researchers in land use efficiency will benefit from this review and rapidly gain an understanding of the research concepts and current status of the field.
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Figure 1. Analytical framework of the review. 
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Figure 2. Annual publication and cumulative publication of documents (2005–2022). 
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Figure 3. Main published journals and the number of publications in the literature (Abbreviation for a published journal: International Journal of Environmental Research and Public Health-Int. J. Environ. Res. Public Health). 
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Figure 4. Research direction and the number of papers in the literature. 






Figure 4. Research direction and the number of papers in the literature.



[image: Land 12 00894 g004]







[image: Land 12 00894 g005 550] 





Figure 5. Knowledge graph of keyword co-occurrence in the literature (keywords that appear 10 times are clustered into 3 categories). 
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Table 1. Measurement model for land use efficiency.
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	Model
	Advantage
	Disadvantages
	Amount





	DEA series models
	It is a non-parametric model. It does not need to build a production function to estimate parameters. It can deal with the problems of multiple inputs and outputs.
	It calculates relative efficiency, not absolute efficiency. It ignores errors in efficiency measurements.
	97



	Mathematical ratio method
	Its principle is easy to understand. It is easy to calculate and operate.
	It is not favorable for the calculation of multiple indicators.
	30



	Stochastic frontier approach (SFA) model
	It takes into account the effect of randomness on efficiency.
	It cannot be used for multiple outputs.
	17



	Difference-in-difference (DID) model
	Its principles and models are simple. It alleviates the omitted variable bias problem to some extent.
	It suffers from self-selection problem, which will directly lead to non-consistency of estimation results.
	10



	Comprehensive analysis method
	It is based on a simple principle.

It can take multiple indicators into account in a comprehensive manner.
	There are no clear criteria for determining weights.
	7
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Table 2. Classification of research perspectives.






Table 2. Classification of research perspectives.





	
First-Level Research Perspective

	
Second-Level Research Perspective (Number of Literature)

	
Total Amount and Proportion of Literature






	
Comprehensive land use

	
Land use efficiency (n = 39)

	
112 (53.85%)




	
Urban land use efficiency (n = 61)




	
Land use efficiency of urban agglomeration (n = 4)




	
Land use efficiency of mega cities (n = 1)




	
Global land use efficiency (n = 1)




	
Land use efficiency of the new area (n = 1)




	
Land use efficiency of villages and towns in mountainous areas (n = 1)




	
Urban land use efficiency in western mining area (n = 1)




	
Land use efficiency of resource-based cities (n = 1)




	
Land use economic efficiency (n = 2)




	
Industrial land

	
Industrial land use efficiency (n = 26)

	
33 (15.87%)




	
Urban industrial land use efficiency (n = 4)




	
Land use efficiency of electronic enterprises (n = 1)




	
Logistics land use efficiency (n = 1)




	
Intelligent land use efficiency (n = 1)




	
Agricultural land

	
Cultivated land use efficiency (n = 26)

	
29 (13.94%)




	
Farm utilization efficiency (n = 2)




	
Urban agricultural land use efficiency (n = 1)




	
Green Land use

	
Urban green land use efficiency (n = 7)

	
15 (7.21%)




	
Ecological land use efficiency (n = 6)




	
Green land use efficiency (n = 2)




	
Construction land

	
Construction land use efficiency (n = 4)

	
7 (3.37%)




	
Urban construction land use efficiency (n = 3)




	
Residential land

	
Urban Residential land use efficiency (n = 3)

	
7 (3.37%)




	
Rural living space and use efficiency (n = 3)




	
Global human settlements land use efficiency (n = 1)




	
Other types

	
Tourism land land use efficiency (n = 2)

	
5 (2.40%)




	
Energy efficiency (n = 2)




	
Land use efficiency from the perspective of solar energy (n = 1)
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