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The global food security landscape is increasingly precarious as climate change, geopolitical conflicts, and pandemics compound its complexity. Concurrently, rapid urbanization has precipitated widespread loss of agricultural land in the North China Plain, yet research on the spatiotemporal dynamics of this conversion process—and its specific impacts on agricultural production potential—remains limited. In this study, we employ multi-temporal land use data from the China Land Use/Cover Change (CNLUCC) dataset for the years 1980, 1990, 2000, 2010, and 2020, alongside 1980 agricultural production potential data, to examine land use changes in the North China Plain over the period 1980–2020. Our analysis centers on the pace and intensity of urban expansion within city boundaries, the consequent loss of agricultural land, and the resulting decline in agricultural production potential. Findings reveal that, during this period, agricultural land—the predominant land use type—has been increasingly converted to urban areas, directly accounting for a loss of 1.25 × 104 km2 of farmland, with approximately 78.91% of new urban developments established on former agricultural lands. Cities such as Beijing, Linyi, and Zhengzhou have experienced the most substantial direct losses of farmland. Moreover, the speed and intensity of urban expansion exhibit significant spatial variability, following a distinct “higher in the center, lower at the periphery” pattern in agricultural land consumption, alongside an overall upward trend in expansion intensity. Between 1980 and 2020, the region experienced an aggregate loss of 7.03 × 109 kg in food production, with spatial patterns indicating lower losses in the north and higher losses in the central and southern regions. Cities including Tangshan, Baoding, Beijing, and Zhumadian incurred the highest reductions in agricultural production potential, whereas cities such as Jiyuan and Chengde exhibited relatively lower losses. This study underscores the spatial disparities in agricultural land loss and production potential depletion driven by urban expansion in the North China Plain, offering critical insights for land use planning and the promotion of sustainable regional development.
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1 Introduction

The encroachment of urban expansion on arable land—and the consequent degradation of agricultural production potential—has emerged as a pivotal challenge in the global pursuit of sustainable development (Li et al., 2017). As a cornerstone of both food security and ecological balance, the loss and deterioration of arable land directly jeopardize the achievement of key Sustainable Development Goals, notably “Zero Hunger” (SDG 2) and “Life on Land” (SDG 15) (Li et al., 2021). Concurrently, the acceleration of urbanization has intensified competition for land resources, exacerbating tensions within the human-environment nexus. Projections indicate that by 2030, global urban land cover may nearly triple compared to levels in 2000, while the overall global agricultural land area is expected to shrink by 1.8 to 2.4%. With the global population projected to reach 9 billion by 2050, the imperative to balance food security, socio-economic development, and environmental conservation will become increasingly pronounced (Seto et al., 2012; Sheng et al., 2022; Wang and Salman, 2023). Consequently, a comprehensive examination of the impacts of urban expansion on arable land and the subsequent loss of agricultural production potential is essential not only for safeguarding food security and ecosystem services but also for advancing the achievement of global sustainable development objectives.

The investigation into the role of urban expansion in the occupation of arable land is crucial for unveiling the multifaceted impacts of land use conflicts on food security, ecosystem services, and sustainable development. This research provides a critical foundation for optimizing land resource allocation and fostering synergies between urban growth and farmland preservation (Ke et al., 2018; Zhou et al., 2022). While global studies have predominantly examined the pressures exerted on arable land by unchecked urban growth, with a focus on the spatiotemporal dynamics and underlying drivers of urban encroachment (Bren d’Amour et al., 2016), several scholars have also explored the relationship between urban land expansion and arable land loss at national or regional scales (Liu et al., 2023; Qu et al., 2024). More recent quantitative assessments have addressed the coupling and coordination between urbanization, farmland protection, and intensive land use in Central China from 2004 to 2017, revealing a notably low level of coordination among these factors (Xiao et al., 2021). Nonetheless, most existing research relies on macro-level datasets, such as statistical yearbooks, which limits the exploration of spatial variability in the impacts of urban expansion on arable land occupation. Moreover, although extensive studies have investigated the expansion of urban and rural construction land, changes in arable land resources, and food security issues, a comprehensive, integrative approach that combines these perspectives remains lacking (Cansino-Loeza et al., 2022; Li et al., 2024; Tilahun et al., 2024). This gap is particularly pronounced in the North China Plain—a crucial grain-producing region—where quantitative analyses examining the dynamic relationship between arable land reduction and the loss of agricultural production potential are relatively scarce, thus warranting further investigation.

The North China Plain, as a vital agricultural and economic hub in China, is endowed with extensive arable land and relatively ample water resources, which collectively underpin its agricultural production capacity (Yu et al., 2022). However, rapid socioeconomic development and urbanization have accelerated urban expansion, leading to the widespread occupation of arable land and significant losses in agricultural production potential (Nicolas et al., 2022; Wang and Salman, 2023). Furthermore, the intensification of socioeconomic activities has placed additional pressure on water resources and the broader ecological environment, thereby challenging the long-term sustainability of agricultural systems (Yin et al., 2017). Consequently, while promoting economic and social development, it is imperative to prioritize farmland conservation and the sustainable management of resources to ensure both the region’s economic viability and long-term food security (Ruiqi et al., 2023). Nevertheless, the current literature lacks comprehensive assessments regarding the specific types of arable land occupied during urban expansion, the spatial distribution patterns of such occupations, and the precise magnitude of losses in agricultural production potential. This lacuna introduces uncertainties in regional land use planning and policy development. Therefore, an in-depth investigation into urban expansion and arable land occupation in the North China Plain holds considerable theoretical and practical significance.

This study focuses on the North China Plain to examine the impacts of urban expansion on arable land resources and the subsequent effects on agricultural production potential. Specifically, the research seeks to address three central questions: (1) What are the spatial distribution patterns of arable land occupation resulting from urban expansion in the North China Plain? (2) To what extent does the reduction in arable land contribute to the loss of agricultural production potential? (3) Are there critical high-risk areas where significant losses in agricultural production potential are concentrated? Addressing these questions will provide a robust scientific basis for the rational allocation of regional land resources and offer empirical support for the development of effective land conservation policies.



2 Study area and data sources


2.1 Overview of the study area

The North China Plain (112.5°E–119.5°E, 34.8°N–40.4°N), extending from the Yellow River in the south to the Yan Mountains in the north, bordered by the Bohai Sea to the east and the Taihang Mountains to the west, represents one of China’s three major plains and constitutes a significant portion of the eastern Great Plains (Yu and Deng, 2022). This region, distinguished by its dense population and favorable climatic conditions, serves as a crucial agricultural hub, playing an indispensable role in ensuring the nation’s future food security. The principal staple crops cultivated in the North China Plain are wheat and rice, with cotton and tobacco also contributing as prominent economic crops. The regional economy is primarily driven by the primary sector, yet it demonstrates a strong integration with the secondary and tertiary industries, cementing its status as a central food production and agricultural economic area in China. For the purposes of this study, 21 prefecture-level cities, including Hebei, Shandong, Henan, Beijing, and Tianjin, were selected as the study area based on administrative boundaries (Figure 1).
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FIGURE 1
 Geographic location of the North China Plain.




2.2 Data sources

The dataset employed in this study includes the China Multi-Period Land Use Remote Sensing Monitoring Dataset (CNLUCC) (Xu et al., n.d.) and farmland productivity data from 1980 (Liu et al., 2014; Table 1). The CNLUCC dataset, derived primarily from Landsat remote sensing imagery, was constructed through manual visual interpretation to develop a nationwide, multi-temporal land use/land cover database. It adopts a two-tier classification system, with the primary classification encompassing six major land categories—cropland, forest, grassland, water bodies, built-up land, and unused land—while the secondary classification further differentiates these into 25 specific subcategories. With a spatial resolution of 30 meters, this dataset provides high-precision data support for land use change analysis. The farmland productivity dataset is based on cropland distribution, soil characteristics, and elevation data (DEM) and is estimated using the Global Agro-Ecological Zones (GAEZ) model. This model integrates multiple environmental and agronomic factors, including solar radiation, temperature, water availability, CO₂ concentration, pest and disease constraints, agricultural climate limitations, soil conditions, and topography, to estimate potential cropland productivity. Developed over nearly three decades by the Food and Agriculture Organization (FAO) and the International Institute for Applied Systems Analysis (IIASA), the GAEZ model first calculates the potential productivity of individual crops based on light and temperature conditions for each grid cell. It then refines this estimate by incorporating water availability, soil properties, and topographic influences, resulting in an assessment of productivity under light-temperature-water constraints. Subsequently, it simulates climatic production potential under ideal soil and management conditions before applying a stepwise limitation approach to account for agricultural technology, soil constraints, topography, and cropland distribution, ultimately generating a comprehensive estimate of potential crop yield at the grid level. This dataset primarily considers five staple crops—wheat, maize, rice, soybeans, and sweet potatoes. Specifically, wheat includes four varieties, comprising winter and spring wheat; maize consists of four varieties, including spring and summer maize; and rice includes two varieties. Collectively, these five crops account for approximately 97.7% of China’s total grain production. Additionally, to ensure a realistic representation of agricultural production potential, the dataset incorporates China’s actual cropping systems, considering multi-cropping practices such as one-year two-crop rotations, two-year three-crop rotations, and one-year three-crop rotations. This approach enables the estimation of the maximum potential grain yield from available agricultural land. The dataset is provided in units of kg/ha.



TABLE 1 Spatial distribution and data sources.
[image: Table1]




3 Methods


3.1 Land use transition matrix

The land transfer matrix offers a clear depiction of the sources and destinations of land type conversions, capturing both the area transferred out and transferred in Hemmavanh et al. (2010) and Zhao et al. (2022). In this study, the land use transfer matrix is utilized to examine the dynamic land use changes in the North China Plain from 1980 to 2020. The analysis is conducted at 10-year intervals to investigate the evolving characteristics of transfer structure and direction between land types at both the early and late stages of the period under review. The general expression for the matrix is as follows:
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In the formula, A represents the area of each land use type; n represents the number of land use types; i and j represent the land use types at the beginning and the end of the study period, respectively; [image: image]indicates the area transferred from land use type i at the initial stage to land use type j at the final stage. Based on the land use data from the two consecutive periods, the ArcGIS 10.8 software is utilized to calculate the land use transition matrix through spatial overlay analysis, thereby analyzing the dynamic evolution process of different land use types.



3.2 Quantification of urban land encroachment on cultivated land

This study assesses the extent of cultivated land encroached upon by urban expansion in the North China Plain through the application of two primary metrics: expansion rate and expansion intensity.


3.2.1 Expansion rate

The expansion rate refers to the rate of change in the area of arable land converted into urban land over a specified time period (Hu et al., 2018), as expressed by the following equation:
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In the formula: [image: image] represents the time difference, and [image: image] represents the area of farmland (in km2) occupied by new urban expansion during a certain period.



3.2.2 Expansion intensity

Expansion intensity is quantified as the average annual expansion rate of urban land relative to its initial extent over a specified period, serving as an indicator of the pace and magnitude of urban land conversion within a given timeframe (Zhong et al., 2020), expressed as:

[image: image]

In the formula: I represents the intensity of farmland occupied by urban land expansion (%); [image: image] represents the area of farmland occupied by new urban expansion during a certain period (km2); Δi represents the time span; [image: image] and represents the area of urban land in town j at the beginning of period i (km2).




3.3 Assessment of farmland productivity loss induced by urban expansion

Farmland productivity loss due to urban expansion is evaluated using China’s potential crop yield dataset, which integrates information on cultivated land distribution, soil characteristics, and elevation (DEM). This dataset is derived from the Global Agro-Ecological Zones (GAEZ) model, which comprehensively accounts for factors such as solar radiation, temperature, moisture availability, CO₂ concentration, pest and disease prevalence, agro-climatic constraints, soil properties, and topographic features (Liu et al., 2014). The estimation framework encompasses five primary crops—wheat, maize, rice, soybean, and sweet potato. Specifically, wheat includes four varieties, including winter and spring wheat; maize comprises four varieties, including spring and summer maize; and rice consists of two varieties. Collectively, these crops contribute to 97.7% of China’s total grain output. Furthermore, the dataset incorporates China’s actual cropping systems, considering various multiple cropping regimes. The unit of measurement for the dataset is kg/ha.

To mitigate the influence of temporal fluctuations and technological advancements on grain yield growth and to accurately capture the spatiotemporal dynamics of productivity loss attributable to urban expansion, this study employs farmland productivity data from 1980. A GIS-based spatial overlay analysis is conducted to quantify the decline in potential crop yield resulting from the conversion of farmland to urban land. Specifically, for different study periods, urban expansion data and farmland productivity data are standardized to a uniform spatial resolution before performing overlay analysis, followed by regional statistical assessments and loss evaluations.




4 Results


4.1 Land use change from 1980 to 2020

Between 1980 and 2020, the distribution of land use types on the North China Plain reflects the region’s underlying land resource structure (Figure 2). Throughout this period, arable land remained the dominant land use, consistently accounting for an average of approximately 59.22% of the total land area. A detailed examination of land use changes across different time intervals reveals distinct transformation patterns: From 1980 to 1990, water bodies were primarily converted into arable land and other construction areas. Between 1990 and 2000, arable land was predominantly transformed into urban areas and other built-up land. From 2000 to 2010, the conversion of arable land into urban land continued, with some areas also transitioning to rural residential land, while portions of grassland were converted into arable land. During the 2010–2020 period, arable land continued to be largely converted into urban and construction land; notably, some rural residential areas also reverted to arable land. In addition, forest and grassland areas were integral components in the region’s land use transitions. At five key temporal milestones (1980, 1990, 2000, 2010, and 2020), the average proportions of grassland and forest areas were 15.19 and 10.45%, respectively.

[image: Figure 2]

FIGURE 2
 Land use change in the North China Plain from 1980 to 2020.


Over the past four decades, the area of urban land on the North China Plain has consistently expanded. Specifically, in 1980, the urban land area was 5.07 × 103 km2, accounting for only 0.94% of the total land area of the North China Plain. By 1990, this figure had increased to 5.76 × 103 km2, representing 1.07% of the total area. In 2000, the urban land area further surged to 8.85 × 103 km2, comprising 1.65% of the total area. By 2010, urban land area had dramatically increased to 1.97 × 104 km2, making up 3.68% of the total area. In 2020, the area continued to expand, reaching 2.09 × 104 km2, which accounted for 3.89% of the total land area. In terms of land source, between 1980 and 1990, the primary contributor to the increase in urban land was the conversion of arable land. From 1990 to 2010, both arable land and rural residential areas collectively contributed to the expansion of urban land. Even during the 2010–2020 period, arable land continued to play a pivotal role in this transformation. Similarly, the area of rural residential land also exhibited a growing trend, with its main sources being arable land and grassland. Notably, the increase in water bodies over these four decades was relatively modest, primarily originating from arable land and other construction land.



4.2 Urban land expansion and cultivated land occupation from 1980 to 2020


4.2.1 Temporal and spatial distribution

Between 1980 and 2020, the urban land area of the North China Plain expanded by 1.59 × 104 km2, with a substantial 1.33 × 104 km2, or 83.85%, of this increase occurring at the expense of cultivated land (Figure 3). This dramatic shift highlights the growing pressure on agricultural resources due to urbanization. The temporal distribution of urban land expansion was marked by significant increases in the following periods: 647.80 km2 from 1980 to 1990, 2.37 × 103 km2 from 1990 to 2000, 7.76 × 103 km2 from 2000 to 2010, and 2.54 × 103 km2 from 2010 to 2020. Notably, the data reveal considerable spatial heterogeneity in the consumption of cultivated land across the North China Plain. Urban expansion predominantly concentrated around provincial capitals, forming high-density urban zones that gradually extended outward in a contiguous pattern. Conversely, in more peripheral regions, urbanization manifested in a fragmented and dispersed manner.

[image: Figure 3]

FIGURE 3
 Changes in urban land area and cultivated land occupation due to urban expansion in the North China Plain (a) overall and (b) by city, 1980–2020.


In terms of the scale of urban expansion, Beijing (1.03 × 103 km2), Weifang (795.03 km2), and Linyi (778.55 km2) experienced the most substantial growth. These cities were followed by Jinan (742.15 km2), Tianjin (675.61 km2), and Zhengzhou (613.39 km2). By contrast, Jiyuan (34.43 km2) and Sanmenxia (67.12 km2) exhibited the smallest increases in urban land area.

Over time, the spatial dynamics of agricultural land consumption driven by urban expansion have experienced notable transformations (Figure 4). From 1980 to 1990, the cities exhibiting the highest levels of agricultural land consumption due to urban growth included Weifang (55.88 km2), Tangshan (42.71 km2), and Zhengzhou (30.46 km2), the majority of which were provincial capitals or cities in close proximity to them. Between 1990 and 2000, the focus of urban expansion shifted to Beijing (394.84 km2), Baoding (119.49 km2), and Shijiazhuang (110.97 km2), with these cities predominantly concentrated in Hebei Province and the Beijing metropolitan region. From 2000 to 2010, the cities with the most substantial agricultural land consumption were again Beijing (952.85 km2), Linyi (484.02 km2), and Jinan (419.17 km2), with these urban centers remaining predominantly in the Beijing-Shandong corridor. However, from 2010 to 2020, the cities exhibiting the highest rates of agricultural land consumption included Tianjin (170.69 km2), Dezhou (101.09 km2), and Xingtai (99.28 km2), with these areas reflecting a more dispersed and peripheral expansion.

[image: Figure 4]

FIGURE 4
 Spatial distribution of cultivated land occupation due to urban expansion in the North China Plain, 1980–2020.


A comparative analysis of agricultural land consumption across these four periods reveals a consistent pattern: provincial capitals remain dominant in high-value zones, with their influence gradually extending to surrounding cities. In contrast, more peripheral regions of the North China Plain exhibit markedly lower levels of agricultural land consumption as a result of urban expansion, particularly when compared to the central regions.



4.2.2 Expansion rate

Between 1980 and 2020, urban expansion in the North China Plain displayed notable temporal and spatial variations in agricultural land consumption. Overall, expansion was markedly more rapid in proximity to provincial capitals, whereas peripheral regions experienced comparatively slower growth, resulting in a “high in the center, low at the periphery” trend of urbanization (Figure 5). Specifically, from 1980 to 1990, the city exhibiting the highest rate of agricultural land consumption due to urban growth was Weifang, with an annual rate of 5.59 km2/year. It was followed by Tangshan and Zhengzhou, with annual consumption rates of 4.27 km2/year and 3.04 km2/year, respectively. In contrast, urban expansion in the northern and southwestern sectors of the North China Plain was relatively subdued during this period. From 1990 to 2000, the locus of urban land consumption shifted to Beijing, which saw an annual consumption rate of 39.48 km2/year. Baoding and Shijiazhuang also experienced relatively rapid urban expansion, with annual rates of 11.95 km2/year and 11.10 km2/year, respectively. The central region of the North China Plain exhibited moderate growth, while Chengde registered the slowest expansion, with an annual consumption rate of merely 0.30 km2/year. Between 2000 and 2010, Beijing retained its position as the leader in urban land consumption within the region, with an extraordinary annual rate of 95.28 km2/year. Conversely, the slowest urban expansion occurred in Jiyuan, Henan, with the lowest rate of 0.64 km2/year. From 2010 to 2020, Tianjin emerged as the city with the most rapid urban land consumption, with an annual rate of 17.07 km2/year. The central and southern regions of the North China Plain also experienced relatively swift urban growth during this period, while Jiyuan maintained its position as the city with the slowest expansion, at an annual rate of 0.53 km2/year.
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FIGURE 5
 The rate of urban expansion and cultivated land occupation in the North China Plain from 1980 to 2020.




4.2.3 Expansion intensity

Between 1980 and 2020, the intensity of urban encroachment on agricultural land in the North China Plain demonstrated an overall increasing trajectory, followed by a gradual deceleration. Notable fluctuations in expansion intensity were observed across different temporal periods and urban centers (Figure 6). During the 1980–1990 period, Sanmenxia exhibited the highest expansion intensity, with an intensity index of 0.8. In contrast, cities located in the northern regions of the North China Plain experienced the lowest expansion intensities in terms of agricultural land consumption. Between 1990 and 2000, a dramatic shift in urban land consumption intensity occurred. Sanmenxia maintained its position as the city with the highest expansion intensity, reaching an index of 0.10, while Dongying recorded the lowest intensity at 0.05. From 2000 to 2010, the disparities in expansion intensity became more pronounced. Jiyuan demonstrated the strongest expansion intensity with a value of 0.11, while Tianjin exhibited the weakest expansion intensity, at 0.06. In the final period, from 2010 to 2020, the spatial pattern of agricultural land consumption underwent another transformation. Tianjin emerged as the city with the highest expansion intensity, with an index of 1.97, followed by Handan, which had an intensity index of 1.63. Conversely, Beijing recorded the lowest expansion intensity, with an index of only 0.003.

[image: Figure 6]

FIGURE 6
 The intensity of urban expansion occupying farmland in the North China Plain from 1980 to 2020.





4.3 Loss of agricultural production potential due to urban land expansion on cultivated land

Between 1980 and 2020, urban expansion on agricultural land in the North China Plain was accompanied by a discernible increase in food production loss, exhibiting a spatial distribution pattern characterized by “lower losses in the north, higher losses in the central and southern regions” (Figure 7). Overall, urban encroachment resulted in a cumulative food production loss of 7.03 × 109 kg. Specifically, from 1980 to 1990, the food production loss totaled 1.50 × 108 kg; from 1990 to 2000, it increased to 5.72 × 108 kg; between 2000 and 2010, the loss surged to 4.08 × 109 kg; and from 2010 to 2020, the loss reached 2.22 × 109 kg.

[image: Figure 7]

FIGURE 7
 Agricultural production loss induced by urban expansion on cultivated land in the North China Plain (1980–2020).


During the 1980–1990 period, the greatest food production losses occurred in Tangshan, Hebei Province, where the recorded loss amounted to 1.21 × 107 kg (Figure 7). Weifang, in Shandong Province, also experienced considerable losses, though lower than Tangshan’s, with a loss of 1.15 × 107 kg. Other cities in the region reported more modest agricultural production losses. From 1990 to 2000, the loss of agricultural production potential increased significantly, with notable regional variations. The Beijing-Tianjin-Hebei region, along with the southern portion of the North China Plain, particularly Henan Province, became prominent high-loss zones, with Baoding recording the largest loss of 4.87 × 107 kg. Conversely, the northern parts of the North China Plain, particularly the central regions, experienced significantly lower losses.

Between 2000 and 2010, agricultural production losses escalated rapidly (Figure 7). During this period, the central region of the North China Plain emerged as the primary zone of high agricultural production losses. Beijing accounted for the largest loss, totaling 4.58 × 108 kg, followed by Linyi with a loss of 3.86 × 108 kg. In contrast, Jiyuan, situated in the southern part of the North China Plain, reported the smallest loss, amounting to just 4.34 × 106 kg. From 2010 to 2020, the areas of highest food production losses were concentrated in the central and southern regions of the North China Plain. Zhumadian recorded the largest loss at 1.20 × 108 kg, followed closely by Nanyang with a loss of 1.12 × 108 kg. In contrast, Chengde, located in the northern part of the North China Plain, experienced the lowest loss, with a total of only 2.38 × 106 kg.




5 Discussion


5.1 Analysis of the drivers of urban expansion and cultivated land occupation

With the growth of population and the acceleration of urbanization, the demand for residential, commercial, transportation, and other infrastructure has steadily increased, driving the outward expansion of urban areas and resulting in the conversion of large tracts of cultivated land to meet the needs of urban development (Ye et al., 2020; Zhao and Yin, 2023). As one of the most economically developed and densely populated regions in China, the North China Plain has experienced a particularly pronounced urbanization process, making the issue of cultivated land occupation even more pressing and warranting detailed investigation (Liu et al., 2018).

The drivers of urban expansion on cultivated land are multifaceted and complex, encompassing a range of factors, including natural geography, transportation infrastructure, and socioeconomic conditions (Li et al., 2018; Wu et al., 2021). From a natural conditions perspective, the North China Plain, located in the eastern coastal region of China, is characterized by flat terrain, fertile soil, and a favorable climate, making it a vital agricultural zone. However, these advantageous natural factors also facilitate urban expansion, reducing geographic constraints on construction activities and thus exacerbating the occupation of arable land (Tu et al., 2023). Moreover, the high agricultural productivity in this region makes its land more prone to being converted into urban uses, such as residential, commercial, and transportation infrastructure, during the course of urban development. While this urbanization has yielded significant economic benefits, it has also posed challenges to agricultural production and food security.

In addition, certain key cities in the North China Plain, such as Beijing and Tianjin, as political, economic, and transportation hubs of national significance, have contributed further to the intensification of cultivated land occupation in surrounding areas. Economic development remains one of the primary drivers of urban expansion (Feng and Kaiyong, 2021; Li and Hong, 2022). With the rapid growth of industries such as manufacturing, commerce, and services, the demand for land has continued to surge, leading to the conversion of large areas of cultivated land for industrial parks, commercial zones, and logistics hubs.

Moreover, government policies and urban planning initiatives also play a critical role in the conversion of agricultural land (Wu et al., 2024). To promote regional economic growth and enhance urbanization, governments often implement policies and urban plans that steer cities toward specific growth directions. While these policies accelerate the urbanization process, they also contribute to the transformation of vast areas of cultivated land into urban construction zones, which has profound implications for regional land use patterns and ecosystem services.



5.2 Comparison with existing research

In contrast to existing studies that predominantly emphasize the quantitative loss of cropland driven by urban expansion, this study provides a more comprehensive perspective by extending the analytical framework in terms of research lens, methodological approach, and policy implications. Firstly, from the perspective of research focus, prior studies have largely centered on the reduction in cropland area while neglecting the spatial variability of land quality and its potential influence on food production capacity (Seto et al., 2012). By incorporating the indicator of potential crop yield, this study highlights the preferential conversion of high-yield farmland during urban expansion, thereby addressing the limitations of area-based assessments and enriching the understanding of land-use change impacts. Secondly, with respect to methodology, although regional disparities in expansion speed and intensity have been discussed in earlier research, their linkages to the degradation of cropland quality remain insufficiently examined (Hu et al., 2018; Zhong et al., 2020). This study adopts a city-level analytical scale and proposes a composite evaluation framework integrating expansion speed, expansion intensity, and yield potential loss, enabling a nuanced exploration of the spatial heterogeneity in production capacity depletion under different urban expansion patterns. Finally, in terms of policy relevance, existing research often offers qualitative insights into the threats posed by urban growth to food security, but lacks quantitative metrics to inform decision-making (Li et al., 2017). By quantifying potential yield losses across cities and time periods—for instance, a loss of 1.21 × 107 kg in Tangshan from 1980 to 1990—this study offers actionable evidence for cultivated land protection, urban growth boundary delineation, and national spatial planning optimization.



5.3 Limitations and future directions

This study has several limitations that should be acknowledged. First, discrepancies in spatial resolution between the land use data and the farmland productivity dataset may introduce uncertainties in the assessment of crop yield loss due to urban expansion. To address this issue, resampling was performed on both datasets, which may have influenced the precision of the estimated yield loss. Second, to control for confounding variables and more accurately capture the spatiotemporal effects of urban expansion on agricultural productivity, this study relies on a single-period farmland productivity dataset. However, this approach does not fully account for temporal variations and technological advancements that may contribute to yield improvements over time. Lastly, the farmland productivity dataset represents an estimated value, and the modeling framework employed in this study adopts certain simplifications, omitting complex environmental factors such as soil degradation. These limitations underscore the need for future research to enhance data resolution, incorporate long-term temporal dynamics, and refine methodological approaches to improve the robustness and applicability of findings for sustainable land use planning and food system resilience.



5.4 Policy implications

The speed, intensity, and impact of urban expansion on cultivated land in the North China Plain are influenced by a complex interplay of natural geographical conditions, socio-economic development, and transportation infrastructure. Based on a systematic analysis of urban land expansion speed, intensity, and the resulting food production loss in the North China Plain between 1980 and 2020, this study reveals that regions characterized by slower urban expansion and lower intensity of land occupation typically experience less significant agricultural production potential loss. To effectively mitigate the loss of agricultural production potential in the North China Plain, the following policy recommendations are proposed from both economic and regional perspectives, tailored to areas with varying expansion speeds and intensities:

In regions with rapid urban land expansion and high intensity (e.g., Weifang, Beijing, and Baoding), significant agricultural production potential losses are mainly attributed to large-scale land conversion driven by rapid urbanization (Song et al., 2015; Liyan et al., 2019). This conversion directly reduces the area available for food cultivation, thereby threatening regional food security and posing potential risks to the national food supply system (Harris et al., 2022; Wassenius et al., 2023). To address these challenges, urbanization scales and spatial layouts should be scientifically planned according to the region’s resource and environmental carrying capacity. Specific measures include: stringent protection of the “red line” for arable land to prevent excessive concentration and unregulated urban sprawl; strengthening land approval and regulatory systems to promote land-saving and intensive land use; and improving land use efficiency through policy-driven optimization of land resource allocation. Additionally, regional cooperation should be enhanced to promote the synergistic implementation of regional development plans and policies, facilitating complementary resource advantages (Wu et al., 2022). For instance, the establishment of agricultural cooperation mechanisms, the promotion of agricultural technological innovation, and the development of modern agriculture can help increase food production per unit area, partially compensating for the agricultural production potential lost due to the reduction in arable land (Nordin et al., 2022; Huang et al., 2024; Xiong et al., 2024).

In contrast, areas with slower urban land expansion and lower intensity (such as Jiyuan and Chengde) exhibit relatively minor losses in agricultural production potential. These regions have managed to maintain a better balance between economic development and arable land protection, thereby ensuring stability in food production (Dai et al., 2024). However, these regions must remain vigilant and continue to strengthen the enforcement of arable land protection policies to mitigate potential risks associated with accelerated urbanization in the future.

Moreover, under the framework of the “cultivated land occupation and compensation balance” policy, it is essential to consider the complexity of various factors, including the quantity, quality, ecological value, spatial distribution, and temporal aspects of cultivated land. In the next phase, efforts should focus on enhancing the integration of regional economic development land-use planning, adjustments to cultivated land spatial layouts, and agricultural structure reform, while refining policy designs. Key recommendations include: establishing a technical system for evaluating land quality and ecological construction standards, developing a rigorous land quality inspection mechanism for newly converted land, and improving systems and procedures for guiding social participation in land protection. Additionally, in the context of high-standard farmland construction and the unified national land spatial planning (“One Map”), it is vital to clearly demarcate the arable land “red line” and, where appropriate, introduce ecological buffer zones to create pollution barriers for arable land. These integrated measures will ensure the sustainable use of cultivated land resources in the North China Plain, achieving a harmonious balance between urbanization and food security.




6 Conclusion

An in-depth examination of the relationship between urban expansion, farmland loss, and agricultural productivity potential on the North China Plain is pivotal for optimizing land resource management, ensuring sustainable land use, and safeguarding food security, particularly within the context of rapid socio-economic development. Leveraging the Chinese multi-temporal land use remote sensing monitoring dataset (CNLUCC) alongside agricultural productivity potential data, this study presents the following key findings:

(1) Marked expansion of urban land on the north china plain.

Between 1980 and 2020, urban land on the North China Plain experienced substantial growth, with an expansion of 15,800 km2, of which 12,500 km2 was converted from arable land. Urbanization predominantly generated high-density zones centered around provincial capitals, gradually expanding outward in a patchwork-like pattern. This continuous urban spread has progressively encroached upon surrounding arable land, posing potential risks to regional food production security.

(2) Significant spatial variability in the rate of urban expansion on farmland.

Between 1980 and 2020, urban expansion in the North China Plain exhibited pronounced spatial variations in the rate of agricultural land consumption, reflecting a pattern of “higher rates at the center, lower rates at the periphery.” Throughout the study period, the city with the highest rate of agricultural land consumption was Beijing, with an annual consumption rate of 95.28 km2/year between 2000 and 2010, followed by a rate of 39.48 km2/year from 1990 to 2000. In contrast, Jiyuan recorded the slowest rate of agricultural land consumption between 1980 and 1990, with a minimal annual consumption rate of just 0.0006 km2/year.

(3) Phased changes in the intensity of urban expansion on arable land.

Between 1980 and 2020, the intensity of urban encroachment on agricultural land in the North China Plain exhibited a discernible trend of gradual increase followed by a deceleration. Specifically, from 1980 to 1990, Sanmenxia exhibited the highest expansion intensity, with an intensity index of 0.8. From 1990 to 2000, Sanmenxia continued to demonstrate the strongest expansion intensity, reaching 0.10, while Dongying recorded the lowest intensity at 0.05. Between 2000 and 2010, Jiyuan recorded the highest expansion intensity at 0.11, whereas Tianjin exhibited the weakest expansion intensity at 0.06. Finally, from 2010 to 2020, Tianjin emerged as the city with the highest expansion intensity, with an intensity index of 1.97, while Beijing experienced the lowest intensity, with a value of merely 0.003.

(4) Impact of urban expansion on agricultural productivity potential.

The speed and intensity of urban expansion are positively correlated with the loss of agricultural productivity potential. The findings highlight that urban expansion in cities such as Tangshan, Baoding, Beijing, and Zhumadian has had a particularly profound impact on both arable land and agricultural productivity. For instance, between 1980 and 1990, Tangshan experienced a loss of 1.21 × 107 kg in agricultural productivity, while Baoding saw a loss of 4.87 × 107 kg from 1990 to 2000. In contrast, cities like Jiyuan and Chengde faced relatively smaller direct losses to food production, at 4.34 × 106 kg and 2.38 × 106 kg, respectively. However, should urban expansion continue unchecked, the potential threats to regional food production will intensify. In the long run, ensuring food security on the North China Plain remains a critical and daunting challenge.
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