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As an urbanization effort propelled by administrative measures, city-county merger has been particularly prevalent in the administrative district adjustments of prefecture-level cities in China. However, there has been scant research focusing on the policy’s impact on the efficiency of green utilization of urban land. We selected panel data from Chinese prefecture-level cities from 2003 to 2020, employing the slack-based measure (SBM) model that accounts for undesirable outputs, in conjunction with the Malmquist-Luenberger (ML) productivity index, to measure the efficiency of green land use in cities. Building on this, we utilized the staggered difference-in-differences (DID) model to investigate the impact of policies expanding cities through land leasing on the green utilization efficiency of urban land. Our findings indicate that the city-county merger has generally led to a decline in the efficiency of green utilization of urban land. Further mechanism analysis suggests that local governments’ excessive focus on land leasing for economic development, leading to a low-quality development model, is a significant factor contributing to the decline in green utilization efficiency of urban land. Specifically, the city-county merger policy indirectly reduces land green utilization efficiency by increasing industrial land leasing revenue, the number of industrial polluting enterprises, lowering the rationalization level of urban industrial structure, and raising the overachievement of urban economic growth targets. Further research reveals that the policy has heterogeneous impacts on land green utilization efficiency across different regions, city sizes, administrative levels, economic development levels, and urban planning types. The policy has a more significant inhibitory effect on land green utilization efficiency in non-eastern regions, smaller cities, peripheral cities, underdeveloped cities, and resource-based cities. Our study confirms that as a significant urbanization reform initiative, the effectiveness of the city-county merger still relies on the traditional extensive growth model based on land expansion, which is not conducive to enhancing the efficiency of green land use in cities.
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1 INTRODUCTION
Land, as a finite and precious resource, plays a crucial role in the sustainable development of cities and the quality of life for urban inhabitants (Platt, 1995). Efficient green land use aims to minimize negative ecological impacts while fostering economic and social sustainability, optimizing land resource allocation, and enhancing land use efficiency (Pauleit and Duhme, 2000). It serves as a vital metric for assessing urban development sustainability and is pivotal in promoting cities’ green and low-carbon transformations. With urban populations and economic activities expanding, the continual enlargement of urban administrative districts has become a norm. This transformation not only alters cities’ spatial structures but also significantly impacts urban ecological environments, land resource allocation, and green land use efficiency.
In China, the city-county merger process, converting counties into city-administered districts, is a critical governmental tool to advance urbanization1. Unlike developed countries’ market-driven urban models, China’s urbanization is characterized by extensive, rapid, and government-led initiatives underpinned by public land ownership. The reorganization of administrative divisions has long been a focus of academic inquiry (Alesina et al., 1995; Hanes et al., 2012; Hirota and Yunoue, 2017). Proponents argue that merging administrative units breaks down market barriers, fosters agglomeration effects, and stimulates economic growth (Young, 2000; Tang and Hewings, 2017). Conversely, critics contend that such mergers can impede income growth (Hanes and Wikström, 2008), reduce economic efficiency (Blesse and Baskaran, 2016), inflate administrative costs (Zhang et al., 2023), and hinder economic development quality improvement (Hirota and Yunoue, 2017).
Academic research on land use efficiency has evolved from spatial patterns to decision-making processes and driving mechanisms (Ning et al., 2018; Platt, 1995; Zhou et al., 2020). Methodologically, evaluation indicators have shifted from single economic metrics to comprehensive multi-indicator systems integrating economic outputs and environmental impacts such as carbon emissions and land greening. Non-parametric methods like Data Envelopment Analysis (DEA) are adept at handling “multiple inputs + multiple outputs” scenarios, making them suitable for assessing urban land green utilization efficiency comprehensively (Jiao et al., 2020; Tan et al., 2021). Studies on influencing factors reveal that population size (Braid, 1988), resource endowment (Verburg et al., 2010), infrastructure (Cui et al., 2019), and land finance (Wang et al., 2021) affect land use efficiency. Urbanization is closely linked to land use, yet existing research primarily uses urban population ratios or industrial output proportions to measure urbanization levels, neglecting administratively driven “leapfrog” models like city-county mergers.
Since the 18th National Congress of the Chinese Communist Party, “ecological civilization construction” has been incorporated into the Party Constitution, elevating green development as a national priority. The “14th Five-Year Plan” emphasizes economic and intensive land use, and green urban development transformation. Despite ecological initiatives such as farmland protection and systematic restoration, challenges like high development intensity, soil pollution, and fragile ecosystems persist (Zhang et al., 2022). Research indicates significant room for improving China’s land green utilization efficiency (Li et al., 2022). By 2022, China’s urban area exceeded 64,000 [image: image], with a 65.22% urbanization rate, heightening land and environmental pressures.
Based on panel data from Chinese prefecture-level cities (2003–2020), this study employs a staggered Difference-in-Differences (DID) model to investigate how city-county mergers influence urban land green utilization efficiency and its underlying mechanisms. We explore heterogeneous effects across cities of varying regions, sizes, administrative levels, economic development stages, and urban planning types. Our findings contribute empirical insights into advancing urbanization, transforming economic models, and achieving sustainable urban land use.
2 THEORETICAL ANALYSIS
2.1 City-county mergers and urban land green utilization efficiency
Theoretically, expanding administrative divisions can break down barriers and market segmentation, aiding the integration of administrative zones and unifying urban planning and land use strategies (Sharifi et al., 2023). However, such expansions also increase urban land area, leading to disordered urban growth and reduced land use efficiency (Duranton and Puga, 2020). According to the “Regulations on the Management of Administrative Divisions” issued by the State Council, changes in administrative boundaries between counties and urban districts are proposed by local governments and approved by provincial authorities (State Council, 1985). Unlike market-driven processes in Western countries, administrative changes in China lack citizen participation. While this government-led urbanization method lowers decision-making costs, city-county mergers in underdeveloped areas often reduce efficiency, exacerbate pseudo-urbanization, and deepen urban-rural polarization. Moreover, local governments at all levels in China are responsible for urban construction and local economic development (Besley et al., 2022). In the GDP-oriented promotion model, local officials may prioritize rapid, unsustainable urban development driven by self-interest. Additionally, under state-owned land policies, local governments often use land leasing to intervene in economic activities and industrial layouts, which, alongside land-based financing and investment, accelerates capital and labor influx during city-county mergers but also results in resource waste and challenges sustainable land development (Gyourko et al., 2022).
Land green utilization efficiency seeks to maximize economic benefits while protecting the environment and optimizing resource allocation (Zhou and Lu, 2023). However, post-merger, accelerated urban expansion and infrastructure development often lead to land overdevelopment and ecological damage (Chung and Lam, 2009). Cities pursuing rapid economic growth tend to prioritize economic indicators through extensive land development and infrastructure, neglecting intensive land use and ecological concerns. This growth model may boost short-term economic metrics but can decrease land green utilization efficiency due to its extensive and unsustainable development practices and irrational spatial planning (Kalnay and Cai, 2003).
Specifically, city-county merger policies may reduce urban land economic efficiency, complicating resource allocation and reducing utilization efficiency (Jones and Hameiri, 2021). Imbalances in public infrastructure investment and research expenditures may further limit developmental potential, affecting overall economic efficiency in land use (Liu et al., 2024; Cai et al., 2022). Additionally, these policies may decentralize spatial development, triggering scattered industrial expansion and new agglomeration centers that weaken central city advantages, fostering irregular urban development (Liao et al., 2023; Rosenthal and Strange, 2020; Anas et al., 1998). Moreover, integrating formerly independent administrative units into municipal administrations increases development pressures on surrounding natural environments, potentially harming land vegetation health (Wellmann et al., 2020; Yu et al., 2018).
Therefore, we propose Hypothesis 1:
H1: City-county merger reforms reduce urban land green utilization efficiency.
2.2 City-county mergers and urban land green utilization efficiency: an analysis of mediating mechanisms
The city-county merger reform alters the authority over state-owned construction land leasing, enhancing the autonomy of prefecture-level governments over land leasing in former county areas, enabling them to generate substantial revenue from leasing residential and commercial land (Li, 2011). Concurrently, with the administrative division adjustments, prefecture-level governments, to promote land development and use within the former county areas, not only need to subsidize industrial land leasing to attract external capital but also need to increase municipal infrastructure investments to create conditions for attracting investments (Tiebout, 1956). This approach often involves large-scale land development and industrial project introduction, which, while boosting fiscal revenue and economic growth in the short term, leads to overdevelopment of land resources and a decline in utilization efficiency (Fritsch and Behm, 2021).
Under the pressures of officials’ accountability to higher authorities and career advancement, coupled with the increasing fiscal pressures, local governments, in pursuit of short-term economic growth goals, tend to attract high-pollution, high-energy-consumption, and high-emission manufacturing industries to the merged counties (Hong et al., 2020). While these enterprises boost industrial output and employment, they also increase regional material and energy consumption, raise pollution emission levels per unit output, and cause severe environmental pollution problems.
Rationalization of the industrial structure refers to the coordinated development and optimal allocation among industries, enhancing productivity and resource allocation efficiency across sectors (Hu et al., 2023). However, after the city-county merger, local governments often prioritize the development of high-yield industries such as industrial and real estate sectors to achieve rapid economic growth, neglecting the development of agriculture and services (Yang and Wu, 2015). This irrational industrial structure hinders coordinated development among sectors, reduces resource allocation efficiency, and thus affects land green utilization efficiency.
Economic growth is the most direct and primary goal of the city-county merger reform. At the beginning of the year, local governments in China typically set economic growth targets (usually the GDP growth rate) in their government work reports. After the merger, local governments often adopt aggressive economic policies and development strategies, including large-scale infrastructure construction and industrial project introduction, to achieve economic growth targets. This excessive pursuit of economic growth, while boosting economic figures in the short term, overlooks sustainable resource utilization and environmental protection (Yu et al., 2023).
Based on the above analysis, we propose Hypothesis 2:
H2: City-county merger reduces land green utilization efficiency indirectly by boosting urban industrial land leasing revenue, increasing the number of industrial polluters, lowering the rationalization level of urban industrial structure, and exacerbating the overachievement of urban economic growth targets.
2.3 City-county mergers and urban land green utilization efficiency: a heterogeneity analysis
The eastern regions of China possess early advantages in economic development, investment attraction, talent acquisition, and infrastructure construction. Consequently, these regions achieve more effective land resource utilization and efficient urbanization processes following city-county mergers (Jiao et al., 2020). In contrast, central and western regions encounter greater challenges in economic development and resource allocation due to weaker geographical and economic foundations post-merger.
Smaller cities, with limited population size, market scale, and resource aggregation capabilities, heavily rely on large-scale land development and industrial projects to attract investment and spur economic growth post-merger. However, inadequate infrastructure and public services hinder effective support for urban expansion and industrial upgrading (Hu and Fan, 2020). Moreover, resource constraints in smaller cities lead to increased conflicts of interest between city and county governments, resulting in higher administrative integration costs post-merger (Chung and Lam, 2009).
Under the current administrative system, cities with higher administrative ranks enjoy advantages in land acquisition, financial resources, and policy support. Peripheral cities (Non-sub-provincial or non-provincial capital cities) face disadvantages in administrative rank and resource acquisition capabilities (Gao et al., 2024). Post-merger, these cities encounter greater constraints and challenges in resource allocation and policy support compared to higher-ranked cities.
Less economically developed cities have limited financial resources and often prioritize projects with immediate economic stimulus over investments in technological innovation and ecological protection post-merger (Li and Lin, 2017). Conversely, economically developed cities emphasize quality economic development and environmental protection, utilizing scientific planning and technological innovation to enhance land green utilization efficiency.
Resource-based cities, reliant on natural resource extraction and processing industries such as minerals and forestry, lack incentives for improving resource utilization efficiency through technological innovation (Ruan et al., 2020). Post-merger, these cities continue to prioritize resource industries in land development and industrial growth, leading to deindustrialization and neglect of manufacturing and high-tech sectors (Yin and Miao, 2024). This results in resource misallocation and reduced land green utilization efficiency due to the entrenchment of production factors within the resource industry system.
Based on the above analysis, we propose Hypothesis 3:
H3: City-county mergers exert a more pronounced inhibitory effect on land green utilization efficiency in non-eastern regions, smaller cities, peripheral cities, underdeveloped cities, and resource-based cities.
Finally, Figure 1 provides a visual summary of the theoretical analysis discussed above.
[image: Figure 1]FIGURE 1 | Theoretical logic diagram.
3 RESEARCH DESIGN
3.1 Model setting
3.1.1 Data envelopment analysis
Data Envelopment Analysis (DEA) is a non-parametric statistical method used to evaluate the production efficiency of Decision Making Units (DMUs) across multiple inputs and outputs. Tone (2004) developed the Slacks-Based Measure (SBM) model incorporating undesirable outputs to assess economic and environmental efficiency. Building on this, we utilize the Malmquist-Luenberger (ML) productivity index to measure green land use efficiency (Boussemart et al., 2003).
Suppose there are [image: image] DMUs, with each city treated as a DMU [image: image]. Each DMU includes inputs, desirable outputs, and undesirable outputs represented by vectors [image: image]. Specifically, [image: image], [image: image], and [image: image]. The efficiency measure is defined as:
[image: image]
In Equation 1, [image: image], [image: image], and [image: image] represent the slacks for inputs, desirable outputs, and undesirable outputs, respectively. [image: image] denotes the efficiency value, where [image: image], [image: image], and [image: image] are the numbers of variables for inputs, desirable outputs, and undesirable outputs.
Based on the efficiency values derived from the SBM model incorporating undesirable outputs, the ML productivity index is computed to determine green land use efficiency for each DMU, as shown in Equation 2:
[image: image]
3.1.2 Staggered DID
The city-county merger reform in China presents characteristics akin to a quasi-natural experiment. Therefore, we apply a staggered difference-in-differences (DID) approach, controlling for individual and time fixed effects to mitigate potential sample selection biases. This method ensures the DID model’s objectivity, treating the treatment variable as quasi-random:
[image: image]
Here, [image: image] denotes the intercept, a constant not varying across time or entities. The dependent variable [image: image] measures urban land green utilization efficiency, with subscripts denoting city [image: image] and time [image: image]. [image: image] represents the interaction effect of city-county mergers at time [image: image] in city [image: image]. [image: image] is a dummy variable indicating implementation of the city-county merger policy (1 if implemented between 2004 and 2020, 0 otherwise), while [image: image] indicates timing of policy implementation (1 if implemented in city [image: image] at time [image: image], 0 otherwise). Control variables [image: image] may influence [image: image]. [image: image] and [image: image] represent city and time fixed effects respectively, and [image: image] is the error term. Our focus is on [image: image], the coefficient indicating the net impact of city-county mergers on urban land green utilization efficiency.
The parallel trends assumption is fundamental to the validity of the Difference-in-Differences (DID) method. It posits that, in the absence of intervention, the outcome variables for both the treatment and control groups would follow the same trend. The validity of this assumption is crucial for attributing the observed effects to the intervention rather than to other factors. Therefore, following the approach of Beck et al. (2010), we expand Equation 3 to conduct the parallel trends test:
[image: image]
In Equation 4, [image: image] represents the dummy variable for the timing of policy implementation, which takes the value one in the [image: image] year after (before) the policy implementation, and 0 otherwise. In the time series analysis of policy implementation, we designate any time point more than 3 years after the policy implementation as “the third year” to standardize the comparison of long-term effects. Similarly, any time point more than 3 years before the policy implementation is also labeled as “the third year”.
3.1.3 Mediation effect model
The mediation effect model, often referred to simply as mediation, is utilized in statistical analysis to elucidate the mechanism by which an independent variable affects a dependent variable through one or more intermediary variables known as mediators (Zhao et al., 2010).
[image: image]
[image: image]
Here, [image: image] represents the mediating mechanism variable under examination, with the other variables retaining their definitions as outlined in Equation 3.
The mediation effect model is tested through the following steps: First, assess the direct impact of the explanatory variable, city-county merger, on the dependent variable, urban land green utilization efficiency. This involves testing the significance of the coefficient [image: image] for [image: image] in Equation 3. If [image: image] is not significant, further testing ceases, as the base Equation 3 already indicates a significant suppression of urban land green utilization efficiency due to city-county mergers. Second, test the significance of the regression coefficient [image: image] for the city-county merger policy on the mediating variable in Equation 5, and [image: image], the regression coefficient of the mediating variable on the dependent variable, urban land green utilization efficiency, in Equation 6. If both [image: image] and [image: image] are significant, proceed to examine the significance of the coefficient [image: image] for the city-county merger variable in Equation 6. A significant [image: image] indicates a notable mediating effect; its insignificance suggests a complete mediating effect. Third, if [image: image] or [image: image] is insignificant, conduct a Sobel test. A successful Sobel test denotes a significant mediating effect; failure indicates otherwise. The mediation effect testing process is visualized in Figure 2. In this study, a significant mediation effect implies that [image: image] impacts [image: image] through the mediating variable [image: image], as depicted in Figure 3.
[image: Figure 2]FIGURE 2 | Mediation effect testing process.
[image: Figure 3]FIGURE 3 | Diagram illustrating the meaning of the mediation effect.
3.2 Variable construction
3.2.1 Dependent variable
Urban Land Green Utilization Efficiency[image: image]. The green utilization efficiency of land (LGUE) refers to the sustainable use of land through scientifically sound management and technical measures that enhance land productivity while minimizing negative environmental impacts (Den and Gibson, 2020; Ma et al., 2023). This includes maximizing economic output, protecting the ecological environment, and efficiently using resources. Specifically, LGUE encompasses the following aspects. Economic aspect, maximizing the economic output from land use, such as the output value of the secondary and tertiary industries in urban areas, given certain production technology conditions and input levels. Ecological and environmental aspect, emphasizing the protection and enhancement of the ecological environment during land use to maximize ecological benefits, such as increasing green spaces in urban built-up areas and reducing undesirable outputs like pollution and carbon emissions. Resource utilization aspect, enhancing the efficiency of inputs such as land, capital, labor, and energy through rational planning and management to reduce resource waste.
We measure the urban land green utilization efficiency using the ML index calculated based on the SBM model. The input indicators include land, labor, capital, and energy, while the output indicators are categorized into undesirable and desirable outputs. The specifics of each indicator are detailed in Table 1.
TABLE 1 | LGUE indicator construction system.
[image: Table 1]3.2.2 Explanatory variable
City-County Merger Policy [image: image]. To represent the city-county merger policy, we use the interaction term [image: image] of the regional dummy variable [image: image] and the time dummy variable [image: image].
3.2.3 Mechanism variables

[image: image] Urban Government Expenditure [image: image]: Measured by the general public budget expenditure of the city.
[image: image] Urban Road Area [image: image]: Measured by the actual road area at the end of the year in the city.
[image: image] Urban Fixed Asset Investment [image: image]: Measured by the total social fixed asset investment in the city. Since the total social fixed asset investment has not been published after 2017, we supplemented the data using the growth rate of total fixed asset investment for each city. The growth rates were obtained from city government reports.
[image: image] Urban GDP [image: image]: Measured by the city’s gross domestic product.
[image: image] Urban GDP per unit of land area [image: image]: Measured by the ratio of the city’s GDP to the city’s land area.
[image: image] Personal Population Density [image: image]: Referring to the study by Henderson et al. (2021), we calculated personal population density using LandScan population grid data, DMSP-OLS light grid data, and China’s urban administrative boundary vector data. The calculation formula is as follows:
[image: image]
In Equation 7, [image: image] represents the grid cell, [image: image] represents the city, [image: image] is the number of grid cells within the city (with a light value greater than 10), [image: image] is the total population of the city, and [image: image] is the population of grid cell [image: image] within city [image: image]. A higher personal population density indicates a more compact population distribution within the city.
[image: image] Normalized Difference Vegetation Index [image: image]: We used the Normalized Difference Vegetation Index (NDVI) to reflect the urban spatial ecological status. The calculation formula for NDVI is as follows:
[image: image]
In Equation 8, [image: image] is the reflectance in the near-infrared band, and [image: image] is the reflectance in the red band. Higher NDVI values indicate better vegetation status.
[image: image] Industrial Land Leasing Revenue [image: image]: Firstly, we collect local land leasing data from the “China Land Market Network,” which consists of approximately three million records; secondly, we retain data related to industrial land use; finally, we aggregate the data by city and contract signing year to derive the annual industrial land leasing revenue for each city, serving as a proxy variable for the land leasing revenue effect.
[image: image] Per unit of land area increase in the number of polluting enterprises [image: image]: First, we collect Chinese industrial and commercial enterprise registration information from the Qichacha database; second, based on the “Industry Classification Management Directory for Environmental Protection Verification of Listed Companies,” we filter out enterprises in heavily polluting industries; finally, we aggregate the number of new polluting enterprises by city and registration date, then divide by the city’s land area, to derive the increase in the number of polluting enterprises per unit of land area as a proxy variable for the investment attraction competition effect.
[image: image] Rationalization of Industrial Structure [image: image]: We constructed an industrial rationalization indicator using the Theil index (Theil, 1967), with the specific formula as follows:
[image: image]
In Equation 9, [image: image] represents output, [image: image] represents employment, [image: image] represents industries, and [image: image] represents the number of industry sectors. A higher [image: image] value indicates a greater deviation from the equilibrium state and a less rational industrial structure.
[image: image] Overachievement of Urban Economic Growth Targets[image: image]: We used the difference between actual economic growth and the original target value to represent the overachievement of urban economic growth targets. The original growth targets are derived from the work reports of various city governments.
3.2.4 Other control variables
Drawing upon existing literature (Zhou et al., 2020; Wang et al., 2021; Cui et al., 2019), we introduce the following variables to control for other factors affecting the efficiency of green land use in cities:
[image: image] Industrial Structure [image: image]: Measured by the proportion of tertiary industry output value to total output value;
[image: image] Degree of Openness [image: image]: Measured by the actual amount of foreign capital used in a given year;
[image: image] Urben Topography [image: image]: Measured by the average slope of the city;
[image: image] Environmental Regulation Intensity [image: image]: Measured by the proportion of investment in industrial pollution treatment to the industrial added value.
3.3 Data description
To ensure consistency, availability, and robustness of the data, we select panel data of Chinese prefecture-level cities from 2003 to 2020 as our research sample. Due to the nature of the Malmquist-Luenberger (ML) index calculation, which is akin to a “difference” analysis, our regression data start from 2004. To ensure the robustness of the results, the following data processing steps are taken: Firstly. Exclude cities that underwent city-county merger reforms before 2004. Secondly. Exclude the four municipalities of Beijing, Shanghai, Shenzhen, and Chongqing due to their administrative particularities. Thirdly. Given the significant variance in the month of city-county merger reforms and the time needed for position changes and department integration post-reform, we consider the following year of a reform that occurred in the fourth quarter as the actual year of policy implementation. Lastly. Use average growth rates to fill in minor missing data. Ultimately, we have 47 cities that underwent City-County Merger reforms (treatment group) and 102 cities that did not (control group).
Our data primarily comes from the following sources:
[image: image] Economic and Social Development Data: The urban economic and social data mainly comes from the “China City Statistical Yearbook,” including indicators such as land, capital, labor, energy, fiscal revenue and expenditure, and road area. Missing indicators are supplemented from provincial and regional statistical yearbooks. The statistical yearbooks are collected and compiled by the National Bureau of Statistics. The National Bureau of Statistics is the official statistical agency of the Chinese government, known for its high authority and reliability. The yearbooks cover a wide range of socio-economic development indicators, including population, resources and environment, economic development, scientific and technological innovation, people’s living standards, public services, and infrastructure.
[image: image] Administrative Division Data: Data on changes in administrative divisions comes from the Ministry of Civil Affairs of the People’s Republic of China. We extracted the regions and times when city-county mergers occurred.
[image: image] China Land Transaction Data: Land transaction data is sourced from the China Land Market Website. This website is managed by the Real Estate Registration Center under the Ministry of Natural Resources, a subordinate institution of the Ministry of Land and Resources of the People’s Republic of China. The “Regulations on Bidding, Auction, and Listing of State-owned Land Use Rights” stipulate that municipal and county-level government land departments must publicly announce the results of each land transaction on the China Land Market website. The public information includes land use, supply area, transaction price, and supply method.
[image: image] China Enterprise Basic Information Data: Enterprise basic information comes from the Qichacha database. This database is fully integrated and synchronized with the information from the State Administration for Industry and Commerce of the People’s Republic of China, covering all types of enterprise information in mainland China, including basic enterprise information, legal proceedings, operational status, intellectual property, financial data, and corporate credit.
[image: image] Geospatial Information Data: Geospatial information data includes the Normalized Difference Vegetation Index (NDVI) data, DMSP-OLS-like data, Digital Elevation Model (DEM) data, and administrative division vector data. Geospatial information data comes from the National Earth System Science Data Center, National Science and Technology Infrastructure of China, referred to as the Center. The Center is managed by the Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, and jointly constructed with multiple research institutions. The Center contains multidisciplinary earth system science data, including information on the atmosphere, lithosphere, and land surface.
Descriptive statistics of the main variables used in this study are presented in Table 2.
TABLE 2 | Descriptive statistics.
[image: Table 2]4 EMPIRICAL RESULTS
4.1 Baseline results
Table 3 presents the baseline regression results of the city-county merger policy on the efficiency of urban land green utilization. Columns (1) and (2) display the regression outcomes without individual and time fixed effects, whereas columns (3) and (4) incorporate these effects. The results demonstrate that the city-county merger policy significantly reduces the efficiency of urban land green utilization, regardless of the model specification, thus confirming hypothesis H1. Specifically, as observed in column (4), holding other conditions constant, the efficiency of urban land green utilization in the treatment group cities decreased by 0.008 units compared to the control group cities. This indicates that the city-county merger policy, while expanding the urban land use area, notably diminishes the efficiency of urban land green utilization, suggesting that the urbanization promoted by this policy may compromise the green utilization efficiency of urban land.
TABLE 3 | Basic regression results.
[image: Table 3]4.2 Robustness test
4.2.1 Parallel trends test
The parallel trend hypothesis posits that, in the absence of policy impact on the treatment group (the counterfactual), the trends of outcome variables for both the treatment and control groups should exhibit no systematic differences over time. Figure 4 illustrates that the regression coefficients of [image: image] prior to policy implementation are not statistically different from zero. This indicates no significant divergence in the trend of urban land green utilization efficiency between the control and treatment groups before policy implementation, thus confirming adherence to the parallel trend hypothesis. Consequently, the observed decline in urban land green utilization efficiency in the treatment group relative to the control group post-implementation can be attributed to the policy intervention rather than pre-existing disparities. Further examining from a dynamic perspective, the long-term effects of the policy exhibit fluctuations.
[image: Figure 4]FIGURE 4 | Parallel Trends Test. Note: The vertical axis represents the regression coefficients of [image: image]. The lines with capped spikes indicate the confidence intervals of the regression coefficients. The horizontal axis represents the value of [image: image] in [image: image], indicating the [image: image]-th year after (or before) the policy implementation.
4.2.2 Excluding pandemic impact
The COVID-19 pandemic has significantly impacted economic output, potentially leading local governments to prioritize GDP growth over improvements in LGUE. This economic pressure might have prompted relaxations in regulations on polluting enterprises, thereby increasing undesirable outputs. To eliminate the influence of the pandemic on our regression analysis, we exclude data from the year 2019 onwards and re-run the regression. This approach ensures that our results are not biased by the pandemic’s unprecedented effects, providing a clearer depiction of underlying trends unaffected by this global event. The test results presented in the first column of Table 4 support the conclusions of this paper.
TABLE 4 | Robustness test.
[image: Table 4]4.2.3 Changing the dependent variable
In our primary analysis, we utilized the Malmquist productivity index to measure Urban Land Green Utilization Efficiency (LGUE), emphasizing its ability to capture both technological progress and efficiency improvements. To validate the robustness of our findings, we also conducted tests using static efficiency scores. The results presented in the second column of Table 4 corroborate the conclusions drawn in this paper. This complementary approach provides a baseline measure of efficiency, strengthening confidence in our findings and ensuring that observed effects are not solely reliant on the chosen methodological framework.
4.2.4 PSM-DID test
In the robustness check section, we employ the PSM-DID (Propensity Score Matching DID) method to validate the causal effects identified in our primary analysis. PSM-DID enhances the credibility of our findings by addressing potential biases and confounders that could affect treatment effect estimations. The results presented in the third column of Table 4 reinforce the core conclusions of this paper. By matching units with similar characteristics, PSM ensures comparability between treated and control groups, thereby mitigating selection bias. Integrating PSM with DID provides a robust basis for causal inference, reaffirming our primary analysis results across different methodological frameworks.
4.3 Further analysis and mechanism examination
The city-county merger, as a policy promoted by local governments to expand administrative areas, has been observed to reduce the efficiency of green land use. However, it is crucial to clarify the underlying reasons for this effect. Investigating this issue not only helps validate the robustness of the aforementioned results but also aids in identifying the mechanisms at play.
4.3.1 Analysis of direct outcomes of city-county mergers
As discussed in the theoretical analysis, city-county mergers alter the structure of urban land use. Under pressure to achieve promotion, local governments may initiate large-scale infrastructure development to rapidly urbanize areas previously managed by counties. This process attracts factors such as labor and capital, stimulating economic growth. However, this factor-driven, extensive economic growth model tends to neglect environmental protection and does not contribute to improving economic growth quality. Therefore, our primary focus is to examine whether the city-county merger policy has fostered a development model that sacrifices the efficiency of green land use.
We investigated this phenomenon from three perspectives: fiscal expenditure, economic growth, and spatial structure.
Using Equation 3, we conducted regressions with urban government expenditure, urban road area, and urban fixed asset investment as dependent variables to explore the direct outcomes of city-county mergers on urban fiscal spending. The regression results are presented in Table 5, indicating a significant increase in urban fiscal expenditure, urban road area, and urban fixed asset investment due to the city-county merger policy. Next, regressions were performed with urban GDP and urban GDP per unit of land area as dependent variables to analyze the direct outcomes of city-county mergers on urban economic growth. Columns (1)–(2) of Table 6 show that while the city-county merger policy significantly boosted urban GDP, it also had a notable inhibitory effect on urban GDP per unit of land area. Finally, regressions with urban personal population density and urban NDVI as dependent variables aimed to explain the direct outcomes of city-county mergers on urban spatial structure. Columns (3)–(4) of Table 6 present empirical evidence indicating that city-county mergers significantly reduce urban personal population density and NDVI.
TABLE 5 | The impact of fiscal expenditure structure.
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[image: Table 6]In summary, our findings demonstrate that the implementation of city-county merger policies boosted the total urban economy by increasing fixed asset investment and large-scale transportation infrastructure construction. However, this growth has been accompanied by a decrease in urban GDP per unit of land area and adverse impacts on population distribution, resource allocation, and urban ecological health. This form of pseudo-urbanization undermines genuine urban development goals and compromises the sustainable capacity of urban land, thereby validating H22.
4.3.2 Mechanism testing of mediation effects
The above analysis indicates that the city-county merger policy has led to a low-quality economic growth model. Furthermore, following Zhao et al. (2010), we employed a mediation effect model to test whether the city-county merger policy inhibits the improvement of urban land green utilization efficiency through increasing industrial land leasing revenue, the number of industrial polluting enterprises, lowering the rationalization level of urban industrial structure, and exacerbating the overachievement of urban economic growth targets.
The results of the mediation effect model are detailed in Table 7. Columns (1) and (2) of Table 7 reveal a significant increase in local industrial land leasing revenue due to the city-county merger policy, which subsequently hampers urban land green utilization efficiency. Thus, confirming the mediation effect of land leasing revenue. Columns (3) and (4) show a notable rise in heavy polluting enterprises following the policy, which significantly undermines urban land green utilization efficiency, confirming the mediation effect of competition in attracting investments. Columns (5) and (6) demonstrate that the policy increases the irrationality of the urban industrial structure, leading to a decrease in urban land green utilization efficiency. Hence, confirming the mediation effect of industrial structure rationalization. Columns (7) and (8) indicate that the policy contributes to the overachievement of urban economic growth targets, subsequently reducing land green utilization efficiency. Thus, confirming the mediation effect of overachieving economic growth targets.
TABLE 7 | Mediating effect analysis.
[image: Table 7]Based on these findings, the mechanism testing of mediation effects reveals that the city-county merger policy indirectly diminishes land green utilization efficiency by enhancing industrial land leasing revenue, increasing the number of industrial polluting enterprises, lowering the rationalization level of urban industrial structure, and exacerbating the overachievement of urban economic growth targets. Therefore, confirming H2.
4.4 Heterogeneity analysis
4.4.1 Regional heterogeneity of cities
Given significant disparities in institutional environments and economic development levels across regions in China, we investigated the impact of the city-county merger policy on cities in Eastern China and those outside the Eastern region. Regression results are presented in columns (1) and (2) of Table 8. These findings indicate that the city-county merger policy significantly reduces land green utilization efficiency in non-Eastern cities, while showing no significant effect on land green utilization efficiency in Eastern cities.
TABLE 8 | Heterogeneity analysis.
[image: Table 8]4.4.2 City size heterogeneity
In large cities, the main urban area holds an absolute advantage over counties. In contrast, smaller cities exhibit narrower economic gaps between the main urban area and counties, with county economies sometimes surpassing those of the main urban area. This disparity leads to distinct administrative coordination challenges. Therefore, we examined the heterogeneous impact of the city-county merger policy on cities of varying sizes. Cities were categorized into large and small based on median population size for grouped regression analysis. Results are shown in columns (3) and (4) of Table 8, indicating that the city-county merger policy significantly reduces land green utilization efficiency in small cities, while showing no significant effect on large cities.
4.4.3 Urban administrative level heterogeneity
China’s administrative structure distinguishes between central cities (sub-provincial cities and provincial capital cities) and peripheral cities (ordinary prefecture-level cities), influencing administrative level and resource acquisition. This distinction implies differing impacts of the city-county merger policy on land green utilization efficiency in these two city types. We categorized cities into central and peripheral based on administrative level for grouped regression analysis. Results in columns (5) and (6) of Table 8 reveal that the city-county merger policy significantly reduces land green utilization efficiency in peripheral cities, while showing no significant effect on central cities.
4.4.4 Heterogeneity in urban economic development
Cities at different stages of economic development possess distinct economic foundations and development goals. Thus, we assessed the impact of the city-county merger policy on land green utilization efficiency across cities categorized as developed and underdeveloped based on median per capita GDP. Regression results in columns (7) and (8) of Table 8 indicate a significant inhibitory effect on land green utilization efficiency in cities with lower economic development levels, while showing no significant impact on cities with higher economic development levels.
4.4.5 Heterogeneity in urban planning types
Resource-based cities play a pivotal role in China’s economy but face unique challenges in sustainable development compared to non-resource-based cities. Reflecting on the “National Sustainable Development Plan for Resource-based Cities”, we categorized cities into resource-based and non-resource-based types. Results in columns (9) and (10) of Table 8 demonstrate that the city-county merger policy significantly reduces land green utilization efficiency in resource-based cities, while showing no significant impact on non-resource-based cities.
5 DISCUSSION
5.1 Theoretical contributions
Firstly, this study extends the theoretical perspective of new economic geography on urban scale expansion, emphasizing agglomeration economies and economies of scale to optimize urban land intensive use. Existing research predominantly examines the economic impacts of urban scale expansion from a market perspective, neglecting the influence of local government behaviors (Frick and Rodríguez-Pose, 2018; Lu et al., 2021; Post and Kuipers, 2023). While some studies focus on the effects of city-county mergers in China, they primarily address economic development outcomes with limited attention to land intensive use (Chen et al., 2024). Our research focuses on the administrative expansion of cities through city-county mergers in China, empirically demonstrating that this policy inhibits improvements in land green utilization efficiency. This finding not only expands public policy factors influencing land intensive use during urban expansion but also offers policy recommendations for urban scale expansion from a green development perspective.
Secondly, this study explains why administrative expansion (city-county mergers) reduces urban land green utilization efficiency from the perspective of local government behaviors, enriching theories of fiscal decentralization and officials’ promotion tournaments. Our study moves beyond theories of enterprise heterogeneity (Naito, 2017), path dependence (Giannakis and Bruggeman, 2020), and industrial evolution (Clark and Sudharsan, 2020), expanding new economic geography theory from the viewpoint of local government behavior. Under China’s authoritarian system of fiscal decentralization, local officials prioritize economic scale to meet central government economic targets, often overlooking land intensive use. Moreover, competitive pressures among local governments, driven by promotion tournaments, lead to negative economic consequences that reduce land green utilization efficiency.
Thirdly, situated within the institutional context of a transitioning nation with a strong government, this study explores the heterogeneous impacts of urban scale expansion on land green utilization efficiency, deepening the study of land green utilization efficiency. Unlike research in developed Western countries focusing on voters (Hilber and Robert-Nicoud, 2013; Garnett, 2012), urban morphology (Wang and Debbage, 2021), and regulation (Pendall et al., 2018), our study delves deeper into the performance incentives of local officials regarding the effects of urban scale expansion on land green utilization efficiency. This approach offers insights into the fundamental drivers of land use dynamics and optimization.
5.2 Policy recommendations
Our research findings indicate that while the city-county merger policy has expanded urban development, it has also led to inefficient land green utilization. In 2022, the National Development and Reform Commission (NDRC) emphasized cautious and stringent control over city-county mergers. Based on our findings, the policy implications are as follows:
Streamline intergovernmental relationships: City-county mergers enhance overall economic development but decrease land green utilization efficiency. Policies should promote coordination across government levels and integrate urban planning to align the goals of city, county, and district administrations. By preventing conflicts of interest and administrative redundancies, sustainable land use can be ensured. Adjusting GDP-focused performance criteria is essential to drive governmental function transformation and system reform.
Prioritize long-term planning: Mechanism analysis reveals that city-county mergers often lead to inefficient land green utilization due to expansive, short-term development goals. China should establish a comprehensive evaluation framework emphasizing long-term planning and environmental sustainability. Financial incentives should encourage cities to adopt green infrastructure and renewable energy initiatives. Supporting local green technology startups can foster innovation in sustainable practices and industrial upgrading.
Adapt policies to local contexts: Empirical results highlight varied impacts across regions, with greater inefficiencies observed in non-Eastern, smaller, economically underdeveloped, and resource-based cities. China’s city-county merger policy must account for regional disparities. Tailored policies should balance local contexts with overarching developmental goals, ensuring cautious implementation where conditions are less favorable for mergers.
5.3 Limitations and future directions
Enhancement and comparison of research scope. In 2022, the National Development and Reform Commission (NDRC) introduced stricter controls on city-county mergers to curb rapid and unplanned urban expansion. This policy adjustment has the potential to mitigate some of the observed inefficiencies in land green utilization highlighted in our study. Consequently, these changes could significantly influence our conclusions. Future research should compare the impacts on land green utilization efficiency between cities that underwent city-county mergers before and after 2022. This comparison would facilitate an assessment of how stricter controls affect land use practices, economic growth, and environmental sustainability.
Refinement of research methods. We employed the SBM-ML method to assess land green utilization efficiency and the staggered DID method to examine the effects of city-county mergers. While these methodologies yielded valuable insights, future studies could benefit from real-time and more granular data on land use patterns and urban development, leveraging advancements in 5G, artificial intelligence, big data, and machine learning. These technological advancements offer the potential for more precise evaluations and deeper insights into the impacts of city-county mergers on land green utilization efficiency.
Limited scope of study subjects. Our study concentrated on eligible prefecture-level cities in China, characterized by a distinctive administrative system. While this approach provides valuable insights into city-county mergers in the Chinese context, it limits the generalizability of our findings to countries with different administrative structures and urbanization processes. Future research should incorporate comparative analyses involving countries with both similar and dissimilar administrative frameworks. This broader approach will contribute to a more comprehensive understanding of how diverse administrative systems influence land green utilization efficiency.
6 CONCLUSION
The city-county merger policy represents a prominent strategy employed by governments in China to foster urbanization through expansive land use. Given the current context where ecological improvements lag behind urban economic development, it is imperative to scrutinize the impact of city-county mergers on land green utilization efficiency within the framework of urban expansion. Using panel data spanning from 2003 to 2020, we assessed urban land green utilization efficiency using the SBM-ML method. Subsequently, we applied a staggered DID approach to analyze the effects and mechanisms of city-county mergers on urban land green utilization efficiency. In summary, our study yields the following key findings:
First, the city-county merger policy significantly inhibits urban land green utilization efficiency. Second, compared to cities without city-county mergers, those implementing this policy have increased fiscal expenditure, road area, fixed asset investment, and GDP, but significantly reduced land GDP, personal population density, and NDVI. Third, mediation effect tests reveal that the city-county merger policy worsens land green utilization efficiency by increasing industrial land leasing revenue, the number of industrial polluting enterprises, lowering the rationalization level of industrial structure, and exacerbating the overachievement of economic growth targets. Fourth, heterogeneity analysis indicates that the detrimental effect of the city-county merger policy on land green utilization efficiency is more pronounced in non-Eastern regions, smaller cities, peripheral cities, economically underdeveloped cities, and resource-based cities.
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FOOTNOTES
1For detailed policy background, please refer to our Supplementary Material.
2The theoretical rationale posits that city-county merger policies have triggered a low-quality urban development pattern, compromising green land utilization efficiency. These policies drive fiscal expenditures, particularly in infrastructure, fostering economic growth at the expense of environmental quality. This process damages internal agglomeration economies, promotes urban sprawl, and adversely affects urban vegetation health.
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