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INTRODUCTION
A socio-geographical system is a highly complex, coupled, open, and giant system (Pickett et al., 2011; Cui et al., 2019). In this system, both the space of human economic production and social life activities and the space of the natural environment form a diverse flow-based network of elements and system structures through material, information, capital, and value flows (Luo et al., 2021). With the development of information technology, especially in the context of rapid development of industrialization, urbanization, and digitalization, the organization of material circulation, energy consumption, and information flow of the social-geographic system also undergo different degrees of changes (Cui, 2022; Su et al., 2022), and the multi-dimensional, multi-structural, multi-level, and multi-element relationships within and among the system become more complex (Moore et al., 2022). The social geographic system exhibited a high level of complexity in both space and time, and the dynamics of its changes and mutations reveal non-linear behavior (Moroni and Cozzolino, 2019; Zhang et al., 2022). These changes and mutations could further impact the geographical setting, which serves as the foundation for economic and production activities (Magalhães et al., 2023). Similarly, the organizational form, strategic path, and goal vision of industrial activities react to the operation and performance of the social-geographical system, which brings about a series of socioeconomic and environmental effects that extend across time and space scales, and they have a profound impact on the government decision-making process and the efficiency with which it operates (Gambarotto et al., 2022; Wang et al., 2022). For example, the trend of urbanization leads to the loss of agriculture and ecological land, which creates danger for both the preservation of ecosystems and the ability to ensure adequate food supplies (Qiao and Huang, 2022; Shi et al., 2022).
Today, understanding the interactive coupling between social systems dominated by human activities and geographical systems dominated by environmental and ecological evolution is a key scientific component for advancing and achieving sustainable development (Mackinnon et al., 2019). Therefore, sustainable development in the perspective of complex social geographic systems requires the promotion of cross-innovation and integration research of multidisciplinary technological approaches in the context of new and changing times (He et al., 2022). In particular, we need to conduct interdisciplinary and method integration research based on data-driven technologies, so as to promote integrated system development of disciplinary knowledge and decision support (Kim et al., 2022; Liu et al., 2023). For example, to build a new knowledge system that is based on spatio-temporal big data, with computational science as the core, combined with new technologies such as geographic cloud, artificial intelligence, deep learning, and digital twinning, and is compatible with cross-disciplinary methods such as information science, and industrial ecology (Stratigea et al., 2015; Ahad et al., 2020; Said and Tolba, 2021). In addition, there is also an urgent need to carry out case experience summaries and refine new development directions to promote the cognitive and adaptive management of the complexity of social geographic systems and support the construction of a community for a shared future of humanity (Xue et al., 2020; Aigwi et al., 2023).
Therefore, we organized the Research Topic “Meta-Scenario Computation for Social-Geographical Sustainability”, under which a total of 59 articles from 248 authors were published and have received more than 47 k views till 10 Jan 2023, which shows the broad interest of scholars and readers in this Research Topic. In the following section, we will summarize the key contributions of this Research Topic, and then present the conclusions and outlook.
CONTRIBUTIONS AND HIGHLIGHTS
Data mining, modeling, and methodology development in new data contexts
The continuous development of digital technology and information technology provides new possibilities to re-observe and better understand the socio-geographical system (Xue et al., 2022), therefore, the development of new data sets, the development of new models, and the innovation and development of new methodologies in the new data context is a fundamental and critical area of socio-geographical system research. Under this research theme, we find more than ten valuable and interesting research papers. For example, Zhang et al. develop the first comprehensive dataset of known brownfield sites and their distributions in China, which contains 816 georeferenced brownfield records from 255 cities. Lu et al. use the new data generated from the nighttime light images to identify the spatial structure and evolutionary trends of the resource-based cities, which provides a fresh viewpoint on the stages of urban life cycle development. Yang et al. propose a mapping relationship between the POI data (points of interest) and commercial gentrification and then explain the development process and spatial correlations of commercial gentrification in Chengdu, Sichuan Province. In terms of modeling studies, Meng et al. propose a GM(1,1|sin) power model-based prediction approach for predicting sea surface temperature in conjunction with the genetic algorithm and the least-squares method; Pan et al. establish the two two-order linear quantitative models between Landsat8-derived normalized difference vegetation index and Sentinel-1A interferometric coherence in co- and cross-polarization, which solves the problem that Sentinel-1A decorrelation in the vegetated area is difficult to estimate prior to single-look complex interference. Chen et al. develop the grassland quality index (GQI) and map the grassland quality of the flooded plain based on Jilin-01 images with a red-edge spectral band, and this study is of practical significance for the timely and accurate monitoring of grassland growth, which is beneficial for the development of livestock husbandry and the protection of the ecological environment in northern China. Other interesting research was done by Zang et al., they establish a remote-sensing estimation model for withered AGB (the aboveground biomass) in the dry-grass season, which could contribute to rapidly acquiring the amount of withered-grass biomass and improve the fire-warning efficiency. While Hou et al.’s study focus on aquatic vegetation models of lakes, they establish an improved CA-Markov model to reconstruct the historical potential distribution of aquatic vegetation in the two typical lakes in Northeast China during 1950s to 1960s. Machine learning is an important tool for data analysis in the new era, herein, Song et al. propose a machine learning-based automatic classification and dynamic prediction method of the surrounding rocks of the tunnel face using the data monitored by a computerized rock drilling trolley based on the intelligent mechanized construction process for drilling and blasting tunnels. Through a summary analysis of this theme, we find that with the new technology support, the analysis data of the social geographic system is more diversified, but also needs innovative and integrated analysis methods, and further form a new series of methodological analysis systems. Although there are many data analysis methods at present, the integrated analysis methods for complex systems still need to be further developed and improved at the application level.
Land use and change, land functions and their influencing factors and responses
The study of land use and its associated systems has been a traditional yet new topic in social geography systems, and it is not only an important scientific topic, but also a topic that involves development decisions, spatial planning, and other practical issues (Foley et al., 2005; Song et al., 2021). Under this research theme, our Research Topic has also attracted a large number of intriguing articles with diverse discussions based on various research viewpoints, spatial dimensions, and research methodologies. For instance, concerning urban land use and its related issues, Yang et al. quantitatively analyze the landscape ecological effects under the expansion of built-up land in the Yellow River basin based on multi-period Landsat satellite image data, and their study emphasizes the importance of spatial heterogeneity at different zoning scales in identifying the dynamic relationships between land expansion in built-up areas and ecological security, scientific planning of land resources, and mitigation of ecological and environmental crises. Ning et al. use remote sensing images combined with statistical methods to analyze the spatial and temporal patterns and quality levels of construction land expansion at different scales, taking the middle reaches of the Yangtze River urban agglomeration as the research object. Fu and Zhang focus on the main urban area of Anshan city of Liaoning province, where mining areas are concentrated, and map the land use in 2008, 2014, and 2020 by using the Landsat TM/OLI surface reflectance data from the Google Earth Engine (GEE) platform and the random forest algorithm. One of the important values of their study is that the GEE-based random forest algorithm is found to exhibit high accuracy in land use classification; in contrast, Wu et al. study the change characteristics of carbon emissions from land use in Chengdu from 1990 to 2020 and then develop four low-carbon land use scenarios based on multi-objective linear programming and the future land use simulation model. In recent years, rural land systems have also gradually become a hot topic, especially in the context of rural revitalization as well as reverse urbanization (Trenberth, 2004; Gawith and Hodge, 2019). Under our Research Topic, we also received several valuable contributions concerning either land use in rural areas or arable land issues. Wang et al. evaluate the arable land expansion trajectories of three urban agglomerations in the Yangtze River Economic Zone and their impact on arable land fragmentation, emphasizing that arable land protection policies should pay attention to arable land expansion trajectories rather than just requiring the total arable land area to be in dynamic equilibrium. Using 75 townships in Yuxi City, Yunnan Province as an example, Wu et al. use an integrated land use/land cover change evaluation model and related analysis methods to analyze the changes in land use patterns in mountainous areas and basins during 1995–2018 and reveal the spatial differences and their influencing factors. Of course, there are also studies that focus on ecological land use or land structure and changes in natural systems. For example, to fully comprehend the dynamic dynamics of land use, Ma quantifies the spatiotemporal pattern of land use change and estimated trade-offs and synergies between dominant and recessive morphologies. Jin et al. use multi-source land use data and Google remote sensing data to explore land use change, spatial-temporal evolution of habitat quality, and driving variables impacting habitat quality change in Sanjiang Plain from 1985 to 2017. In summary, we would like to point out that the study of regional spillover effects and coupling relationships of different land use transformations should be strengthened in the future. Existing studies still focus more on single systems, such as urban systems, rural systems, or natural ecosystems, while the issue of cross-system land-use transitions and functions needs to be further strengthened.
Ecosystem, ecological resilience, and ecosystem-economic system interactions and relationships
Ecosystem services are a key reliance for sustainable human development, and the relationship between ecosystems and economic systems forms one of the cognitive foundations of the socio-geographic system (Sonter et al., 2020; Mandle et al., 2021). Within this research theme, Duo et al. explain the complex dynamic evolutionary mechanism of urban ecosystem resilience and develop a framework for quantitative measurement of urban ecological resilience in three dimensions (resistance, resilience, and vitality) which aims to provide a comprehensive evaluation of urban ecosystem resilience. Hu et al. construct a PCA-MGWR (principal component analysis - multi-scale geographically weighted regression) model to explore the temporal and spatial patterns of ecosystem services in the Sichuan Basin from 2000 to 2015 and explore the spatial variability of the driving factors. Trade-offs between ecosystem services are measures of the degree to which the differences between individual ecosystem services are changing (Bennett et al., 2009). Thus, Jia et al. investigate the spatiotemporal changes and determinants of ecosystem service trade-offs in various forest types after the implementation of the natural forest conservation project, using the Greater Khingan Mountains as an example. Ecological compensation is an important tool for optimizing ecosystem management from an economic policy perspective and an important tool for situational governance of socio-geographic systems (Wei et al., 2022; Xing et al., 2022). With this in mind, Wang et al. design a decision-making framework of ecological compensation by combining spatial planning and ecosystem service value accounting, which includes “Subject choice, Value accounting, Priority evaluation, Policy supply”, and they select 32 counties (districts) in the Yangtze River Delta region to test the framework and find that the implementation of ecological compensation slows down the urbanization process and promotes the increase of ecological space. However, given that the period-oriented comparative evaluation of biodiversity conservation success is the primary foundation for executing the transfer payment policy of ecological compensation (Gantioler et al., 2014; Hayes et al., 2022). Chen et al. propose a method to construct the period conservation effectiveness index and apply it to the spatial comparative assessment of Chinese biodiversity conservation effectiveness in three periods from 1990 to 2015. Such a study could provide a reference for global large-scale ecological compensation. In addition to this, we have received some studies on the evolution of natural ecosystems and climate systems. For example, Yan et al., analyze the characteristics of a backflow blizzard in Liaoning, China, and reveal the reasons behind the spatial heterogeneity of snowstorm intensity and duration. Zhou et al. uncover the dynamic change of vegetation index and its influencing factors in Alxa League in the Arid Area. It is worth mentioning that we have an article discussing the spatial and temporal variation of human pressures faced by key biodiversity areas; Zeng et al. analyze the spatiotemporal variation of human pressure on key biodiversity areas from 1990 to 2017 and compare it with the human pressure on national natural reserves through a case study of the Qinghai–Tibet Plateau, and the findings are expected to serve as a reference to formulate policies for the improvement of the effectiveness of conservation.
Built environment, habitat, and the mechanisms on human health, ecosystems, and climate change
The built environment and habitat system are the core dominant forces of the socio-geographic system and have the most complex system composition (Liu et al., 2022). Within this research theme, we collected several interesting an d inspired articles which combine detailed and reliable technical analysis with decision-support applicability. For example, Zhang et al. explore the spatiotemporal evolution characteristics of the climate comfort of the urban human settlement environment in China from 2000 to 2015, based on a three-level time scale of a year, a month, and a day using the temperature and humidity index and wind efficiency index, and their findings imply that the population density in the country is generally concentrated in the climate comfort areas. Xin et al. assess the seasonal differences in surface UHI (urban heating island), normalized differences in vegetation index, built-up index, and water index and their relationships in Dalian City, Northeast China, and their findings could facilitate the rational layout of cities. Further, Dai and Liu establish an appraisal system to assess how and to what extent UHIs affect resident health, by taking Tianjin during 2006–2020 as an example, and their findings offer some decision-making guidance for the planning of healthy cities. A study done by Huang et al. shows us the spatiotemporal pattern of temperature’s impact on residents’ irritability using data from summer high-temperature measurements and an emotional health survey in Beijing, combined with remote sensing images and statistical yearbooks, while Li et al. evaluate the performance of different thermal indices on quantifying outdoor thermal sensation in humid subtropical residential areas of China. The authors argue that it is necessary to establish the thermal sensation ranges of humid subtropical areas of China. Zhou et al. investigate the spatiotemporal evolution and factors of climate comfort for urban human settlements in the Guangdong–Hong Kong–Macau Greater Bay Area, which provide data-driven guidelines for improving the climate comfort of urban human settlements, while Ao et al. focus on the rural built environment, performing a scientometrics literature review to understand the state-of-the-art interplay between the rural built environment and travel behaviors and to identify future research directions. We also include several articles that discuss microclimate and ecosystem or health responses. For example, Cheng et al. demonstrate the positive impact of water bodies on improving the thermal environment of a village and regulating its microclimate by quantifying the impact of morphological elements of the settlement on its microclimate, while Tang et al. uncover the spatial impact of urban expansion on lake surface water temperature base on the perspective of watershed scale, and Liu et al. explore the cooling effect of urban parks based on the ECOSTRESS (ECOsystem Spaceborne Thermal Radiometer Experiment on Space Station) land surface temperature data. We also note that there are other studies that focus on urban green spaces, the built environment, and their relationship to vitality. For example, Zhou et al. conduct a thermal analysis of crowd activities, service pressure analysis, and demand evaluation for the layout of green park space in the central urban area of Yuxi City in Yunnan province, Yu et al. study the spatial-temporal impacts of the built environment on vibrancy, and Luo et al. uncover the spatially varying impacts of the built environment on physical activity from a human-scale view by using the street view data. The above studies not only provide good intellectual contributions and discussion on their topics but also, it is particularly important to note that they have tried to introduce new data systems, such as POI big data, to enrich their studies, which reflects the new trend of current research (Xue et al., 2023).
Human activities, socio-cultural and environmental impacts and their sustainable development mechanisms
Human activities are the core dominant force of socio-geographical systems, and culture is an important driving force influencing the evolution of socio-geographical systems (Campari and Frank, 1995). At the same time, we also note that it remains an important research proposition to quantify the environmental and climate impacts of human socio-economic activities under socio-geographical systems. As the only article with archaeological ideas under this research theme, Liu et al. investigate the spatial distribution and evolution of ancient settlements from the Neolithic to the Bronze Age in the Dalian area, --China, and they find that such spatial distribution and evolution are influenced by the contemporary climate. Gao et al. study the dynamic evolution and synergistic relationship between urbanization and eco-efficiency through the selection of 76 agricultural counties and districts in Liaoning province as research units. In contrast, Wu et al. investigate the eco-environmental constraints, economic incentives, and spatiotemporal variations of construction land use efficiency in the Yangtze River Delta, China between 2000 and 2020, and they argue that proper policies should be tailored to specific places to coordinate construction land use, economic growth, and eco-environmental sustainability. We also received two valuable articles that discuss educational inequality and equity using multiple sources of data. One of them was done by Zhang et al., who discuss education equality and its influencing factors for migrant children in the compulsory education stage by taking Dalian City as a case study, and they call for attention to be paid to the spatial balance of educational resource allocation. Another article, done by Liu et al., discusses the spatiotemporal heterogeneity of primary and secondary school student distribution in Liaoning Province, China from 2010 to 2020, which provides important insights into the population and educational geography. We also received articles focusing on themes such as urban transportation, innovation networks, digital economy, industrial ecology, and regional culture. They either focus on methodological innovation or are problem-oriented and present some valuable conclusions and recommendations. For example, Mao et al. analyze the impact of rapid transit development on the urban economic growth of 220 cities in 19 urban agglomerations in China from 2008 to 2019 and examined the heterogeneity of the difference in market integration capability in promoting urban economic growth, Ma et al. constructed a theoretical analytical framework for intercity innovation network resilience and conducted a case study of 338 prefecture-level cities in China from 2017–2019, finding that the systemic resilience of Chinese urban innovation networks exhibits relatively low hierarchical and decreasing mismatch characteristics year by year. Zhou et al. propose a framework to discuss the impact of China’s digital economic development on the population and find that the digital economy has a bidirectional influence on the population, and the digital economy can indirectly affect the spatial layout of the population attributes by giving digital connotations to regional elements. Xiu and Li summarize the internal relationship and mechanism of industrialization, business culture, and higher education that affect the development of modern industrial and commercial culture, and they argued that it is necessary to continue cultural construction, adapt to the requirements of the highest level of openness and realize the healthy development of the Hainan Free Trade Port. Furthermore, Qin et al. study the spatial correlation and drivers of industrial agglomeration and pollution discharge in the Yellow River basin. In contrast, Xia et al. investigate the energy consumption connection of the industrial sector based on the industrial link theory. In general, we find that the research on social subsystems is still not particularly adequate, and existing studies still focus on the economic-environmental system, while research on the socio-cultural system and its interaction with the geographical-environmental system is obviously lacking, and the data accumulation and research in this area should be strengthened in the future.
CONCLUSION AND OUTLOOK
Under this Research Topic, more than 59 articles have been published, ranging from technical articles on data methods and modeling studies to thematic articles focusing on land use, ecosystems, built environment, and society and culture, which fully illustrates the frontier and topicality of this research theme. However, we also note that there are still many challenges and difficulties to be overcome in the future, including but not limited to 1) strengthening data and methodological research, further developing new data systems with modern technical support, and creating more advanced analytical methodologies to achieve visualization and modeling interpretation of research processes and results; 2) strengthening research on the integration of socio-cultural themes with environmental-geographic themes, establishing a comprehensive analysis system for different time scales, different spatial scales, and different organizational scales of professional research system comprehensive analysis system, to realize the collaborative innovation research under the socio-geographic system and 3) strengthening using international case studies and promotion. The authors in this Research Topic are predominately Chinese authors, which reflects the popularity of this research theme in China, but international cooperation should be strengthened in the future to establish a broader academic community and jointly promote academic development.
AUTHOR CONTRIBUTIONS
BX, YX, and JY wrote the first version of this editorial. All the editors contributed to the final version of this editorial.
ACKNOWLEDGMENTS
All the editors also thank the reviewers for their service, insight, and comments during the revisions of this Research Topic. The following grants are sincerely acknowledged: National Natural Science Foundation of China (41971166).
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Ahad, M., Paiva, S., Tripathi, G., and Feroz, N. (2020). Enabling technologies and sustainable smart cities. Sustain. Cities. Soc. 61, 102301. doi:10.1016/j.scs.2020.102301
 Aigwi, I., Duberia, A., and Nwadike, A. (2023). Adaptive reuse of existing buildings as a sustainable tool for climate change mitigation within the built environment. Sustain. Energy. Technol. Assess. 56, 102945. doi:10.1016/j.seta.2022.102945
 Bennett, E. M., Peterson, G. D., and Gordon, L. J. (2009). Understanding relationships among multiple ecosystem services. Ecol. Lett. 12, 1394–1404. doi:10.1111/j.1461-0248.2009.01387.x
 Campari, I., and Frank, A. (1995). “Cultural differences and cultural aspects in geographical information systems,” in Cognitive aspects of human-computer interaction for geographic information systems. NATO ASI series ed . Editors T. L. Nyerges, D. M. Mark, R. Laurini, and M. J. Egenhofer (Dordrecht: Springer). doi:10.1007/978-94-011-0103-5_18
 Cui, X., Fang, C., Liu, H., and Liu, X. (2019). Assessing sustainability of urbanization by a coordinated development index for an urbanization-resources-environment complex system: A case study of jing-jin-ji region, China. Ind 96, 383–391. doi:10.1016/j.ecolind.2018.09.009
 Cui, Y. (2022). The coordinated relationship among industrialization, environmental carrying capacity and green infrastructure: A comparative research of beijing-tianjin-hebei region, China. Environ. Dev. 44, 100775. doi:10.1016/j.envdev.2022.100775
 Foley, J. A., Defries, R., Asner, G. P., Barford, C., Bonan, G., Carpenter, S. R., et al. (2005). Global consequences of land use. Science 309 (5734), 570–574. doi:10.1126/science.1111772
 Gambarotto, F., Magrini, C., Pedrini, G., and Stamboglis, N. (2022). How to map industrial waste metabolism at a geographical level? A proposal for a composite indicator. J. Clean. Prod. 379, 134681. doi:10.1016/j.jclepro.2022.134681
 Gantioler, S., Rayment, M., ten Brink, P., McConville, A., Kettunen, M., and Bassi, S. (2014). The costs and socio-economic benefits associated with the Natura 2000 network. Int. J. Sustain. Soc. 6, 135. doi:10.1504/IJSSOC.2014.057894
 Gawith, D., and Hodge, I. (2019). Focus rural land policies on ecosystem services, not agriculture. Nat. Ecol. Evol. 3, 1136–1139. doi:10.1038/s41559-019-0934-y
 Hayes, T., Murtinho, F., Wolff, H., Salazar, J., López-Sandoval, M. F., and Salazar, J. (2022). Effectiveness of payment for ecosystem services after loss and uncertainty of compensation. Nat. Sustain 5, 81–88. doi:10.1038/s41893-021-00804-5
 He, C., He, S., Mu, E., and Peng, J. (2022). Environmental economic geography: Recent advances and innovative development. Geogr. Sustain. 3 (2), 152–163. doi:10.1016/j.geosus.2022.05.002
 Kim, B., Ogwal, M., Sande, E., Kiyingi, H., Serwada, D., and Hladik, W. (2022). Using geographical data and rolling statistics for diagnostics of respondent-driven sampling. Soc. Netw. 69, 74–83. doi:10.1016/j.socnet.2020.05.001
 Liu, Q., Zhao, P., Zhang, Y., Zhang, Z., and Yang, J. (2022). Estimating the non-linear effects of urban built environment at residence and workplace on carbon dioxide emissions from commuting. Front. Public Health 10, 1077560. doi:10.3389/fpubh.2022.1077560
 Liu, Z., Guo, Z., Chen, Q., Song, C., Shang, W., Yuan, M., et al. (2023). A review of data-driven smart building-integrated photovoltaic systems: Challenges and objectives. Energy 263, 126082. doi:10.1016/j.energy.2022.126082
 Luo, D., Liang, L., Wang, Z., Chen, L., and Zhang, F. (2021). Exploration of coupling effects in the economy–society–environment system in urban areas: Case study of the Yangtze River Delta urban agglomeration. Ind 128, 107858. doi:10.1016/j.ecolind.2021.107858
 Mackinnon, D., Dawley, S., Steen, M., Menzel, M., Karlsen, A., Sommer, P., et al. (2019). Path creation, global production networks and regional development: A comparative international analysis of the offshore wind sector. Prog. Plan. 130, 1–32. doi:10.1016/j.progress.2018.01.001
 Magalhães, L., Kuffer, M., Schwarz, N., and Haddad, M. (2023). Bringing economic complexity to the intra-urban scale: The role of services in the urban economy of belo horizonte, Brazil. Appl. Geogr. 150, 102837. doi:10.1016/j.apgeog.2022.102837
 Mandle, L., Shields-Estrada, A., Chaplin-Kramer, R., Bremer, L. L., Gourvitch, J. D., Hawthorne, P., et al. (2021). Increasing decision relevance of ecosystem service science. Nat. Sustain 4, 161–169. doi:10.1038/s41893-020-00625-y
 Moore, F., Lacasse, K., Mach, K., Shin, Y., Gross, L., and Beckage, B. (2022). Determinants of emissions pathways in the coupled climate–social system. Nature 603, 103–111. doi:10.1038/s41586-022-04423-8
 Moroni, S., and Cozzolino, S. (2019). Action and the city: Emergence, complexity. Plan. Cities 90, 42–51. doi:10.1016/j.cities.2019.01.039
 Pickett, S., Cadenasso, M., Grove, J., Boone, C., Groffman, P. M., Irwin, E., et al. (2011). Urban ecological systems: Scientific foundations and a decade of progress. J. Environ. Manag. 92 (3), 331–362. doi:10.1016/j.jenvman.2010.08.022
 Qiao, W., and Huang, X. (2022). The impact of land urbanization on ecosystem health in the Yangtze River Delta urban agglomerations, China. Cities 130, 103981. doi:10.1016/j.cities.2022.103981
 Said, O., and Tolba, A. (2021). Accurate performance prediction of IoT communication systems for smart cities: An efficient deep learning based solution. Sustain. Cities. Soc. 69, 102830. doi:10.1016/j.scs.2021.102830
 Shi, X., Matsui, T., Machimura, T., Haga, C., Hu, A., and Gan, X. (2022). Impact of urbanization on the food–water–land–ecosystem nexus: A study of shenzhen, China. Sci. Total. Environ. 808, 152138. doi:10.1016/j.scitotenv.2021.152138
 Sonter, L. J., Simmonds, J. S., Watson, J. E. M., Jones, J. P. G., Kiesecker, J. M., Costa, H. M., et al. (2020). Local conditions and policy design determine whether ecological compensation can achieve No Net Loss goals. Nat. Commun. 11, 2072. doi:10.1038/s41467-020-15861-1
 Stratigea, A., Papadopoulou, C., and Panagiotopoulou, M. (2015). Tools and technologies for planning the development of smart cities. J. Urban Technol. 22 (2), 43–62. doi:10.1080/10630732.2015.1018725
 Su, M., Wang, Q., Li, R., and Wang, L. (2022). Per capita renewable energy consumption in 116 countries: The effects of urbanization, industrialization, GDP, aging, and trade openness. Energy 254, 124289. doi:10.1016/j.energy.2022.124289
 Trenberth, K. (2004). Rural land-use change and climate. Nature 427, 213. doi:10.1038/427213a
 Wang, W., Wang, H., Ortiz, J., Alidaee, B., and Sun, B. (2022). The role of economic development on the effectiveness of industrial pollution reduction policy in Chinese cities. J. Clean. Prod. 339, 130709. doi:10.1016/j.jclepro.2022.130709
 Wei, C., Zhou, Y., and Kong, J. (2022). Evidence regarding the ecological benefits of payment for ecological services programs from China’s grassland ecological compensation policy. Front. Environ. Sci. 10, 989897. doi:10.3389/fenvs.2022.989897
 Winkler, K., Fuchs, R., Rounsevell, M., and Gerold, M. (2021). Global land use changes are four times greater than previously estimated. Nat. Commun. 12, 2501. doi:10.1038/s41467-021-22702-2
 Xing, Q., Gang, H., and Yao, W. (2022). Research of mining area ecological compensation from the perspective of knowledge innovation. Front. Environ. Sci. 10, 838146. doi:10.3389/fenvs.2022.838146
 Xue, B., Han, B., Huang, B., Wang, H., Zhao, X., Fang, K., et al. (2022). Approach and evidence-based study of provincial eco-economic development planning. Chin. J. Appl. Ecol. 33 (12), 3169–3176. (in Chinese). doi:10.13287/j.1001-9332.202212.039
 Xue, B., Xiao, X., and Li, J. (2020). Identification method and empirical study of urban industrial spatial relationship based on POI big data: A case of shenyang city, China. Geogr. Sustain. 1 (2), 152–162. doi:10.1016/j.geosus.2020.06.003
 Xue, B., Xiao, X., Li, J., Zhao, B., and Fu, B. (2023). Multi-source data-driven identification of urban functional areas: A case of shenyang, China. Chin. Geogr. Sci. 33 (1), 21–35. doi:10.1007/s11769-022-1320-2
 Zhang, J., Li, J., Yang, X., Yin, S., and Chen, J. (2022). Rural social-ecological systems vulnerability evolution and spatial-temporal heterogeneity in Arid environmental change region: A case study of minqin oasis, northwestern China. Appl. Geogr. 145, 102747. doi:10.1016/j.apgeog.2022.102747
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Xue, Xu, Xiao, Xia, Ke and Yang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




OPS/images/crossmark.jpg
©

|





OPS/xhtml/nav.xhtml
Contents

		Cover

		Editorial: Meta-scenario computation for social-geographical sustainability		Introduction

		Contributions and highlights		Data mining, modeling, and methodology development in new data contexts

		Land use and change, land functions and their influencing factors and responses

		Ecosystem, ecological resilience, and ecosystem-economic system interactions and relationships

		Built environment, habitat, and the mechanisms on human health, ecosystems, and climate change

		Human activities, socio-cultural and environmental impacts and their sustainable development mechanisms





		Conclusion and outlook

		Author contributions

		Acknowledgments

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Environmental Science






OPS/images/logo.jpg
& frontiers | Frontiers in Environmental Science





