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ABSTRACT

Spatial grid economic statistics represent an innovative analytical approach by integrating geographic spatial data with
economic indicators, offering enhanced precision and depth for regional development studies. This paper focuses on the
application of spatial grid methods in Liaocheng, a key economic node in the Yellow River Basin, to explore their potential in
urban planning, resource allocation optimization, and industrial cluster analysis. By refining traditional economic statistics into
high-resolution grid units, these methods enable a more detailed examination of the spatial distribution and dynamic
characteristics of economic activities. The findings highlight the ability of spatial grid economic statistics to improve data spatial
resolution, provide deeper insights into regional economic dynamics, and offer robust support for evidence-based
policymaking. In urban planning, spatial grid methods facilitate the identification of spatial expansion patterns and the
optimization of functional zoning and infrastructure distribution. In resource allocation, these methods dynamically monitor
utilization efficiency within grid units, helping to identify disparities and optimize public service investments. For industrial
cluster analysis, grid-based approaches uncover spatial distribution patterns and inform strategies for industrial policy and
investment attraction, ensuring a balance between economic growth and ecological sustainability. Despite these advantages,
the adoption of spatial grid economic statistics faces challenges, including the need for advanced technical resources, the
integration of multi-source data, and robust policy support. This paper proposes solutions such as adopting high-performance
computing technologies, developing efficient data integration and correction mechanisms, and strengthening institutional
frameworks to ensure the sustained application of grid-based methods. This study underscores the immense potential of spatial
grid economic statistics in advancing regional development and offers practical insights for their implementation in Liaocheng
and similar regions, providing a replicable model for optimizing economic management and policy formulation.
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1 Introduction

With the acceleration of regional economic development and the increasing demand for refined management, how to
accurately reflect the spatial distribution of regional economic activities through high-resolution economic statistical
methods has become a key focus of research and practice. Spatial grid economic statistics, as an emerging analytical
method, divide geographic space into regular grid units and integrate economic and geographic data within these units,
providing robust technical support for dynamic analysis of regional economies and scientific decision-making . This
method effectively addresses the limitations of traditional statistical methods, such as low resolution and insufficient
spatial information, enabling a more detailed representation of the spatial patterns of economic activities. As an
important economic node city in the Yellow River Basin, Liaocheng holds significant research value in the field of regional
economic statistics. In recent years, with the acceleration of urbanization, the spatial distribution of economic activities in
Liaocheng has exhibited increasing complexity and diversity, making traditional economic statistical methods insufficient
for refined analysis. By incorporating spatial grid statistical methods, it is possible to integrate multi-source data, such as
nighttime light data and land use data, to construct high spatial resolution economic statistical models. These models
comprehensively reveal the spatial patterns and dynamic characteristics of Liaocheng's economic development. The
application of this method not only provides scientific support for the formulation of regional economic policies in
Liaocheng but also offers a replicable case for promoting this statistical approach in other cities. This study focuses on
Liaocheng to explore the potential and advantages of spatial grid economic statistics in regional economic analysis. By
constructing a grid-based regional statistical framework and analyzing the spatial distribution and changing patterns of
economic activities in Liaocheng, this paper aims to provide innovative tools for economic management and policy
formulation in Liaocheng and to serve as a reference for high-resolution economic statistical analysis in other regions.

2 The Concept and Framework of Spatial Grid Economic Statistics
2.1 Concept

Spatial grid economic statistics is a data processing and analysis method based on spatial grid units. It aims to deeply
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integrate regional economic data, geographic information, and other relevant variables by dividing geographic space into
regular or irregular grid units. This approach transforms the traditional administrative division-based statistical analysis
into a high-resolution grid unit-based refined analysis, providing more precise tools for studying the spatial distribution
characteristics of economic activities.

In the application to Liaocheng, the spatial grid method is particularly suitable for addressing fine-grained issues in
regional economic statistics, such as identifying economic hotspots within small areas or analyzing the distribution
characteristics of specific industries across different regions. By integrating multi-source data such as land use data and
nighttime light data, spatial grid economic statistics can dynamically depict the economic development status of different
regions within Liaocheng, offering data support for more precise regional policy design.

2.2 Framework

The research framework of spatial grid economic statistics includes the following core steps:

2.2.1 Grid Division and Data Integration

First, based on the geographic characteristics of Liaocheng, the study area is divided into several regular grid units.
These grid units can be fixed-size squares or adaptively adjusted according to research objectives, such as setting
different grid sizes for urban and suburban areas. Within each grid unit, land use types, terrain data, and regional
economic indicators (e.g., GDP, industrial distribution) are integrated to form a multidimensional data foundation. This
approach overcomes the resolution limitations of traditional economic statistical methods.

2.2.2 Data Processing and Spatial Analysis

After data integration, spatial analysis methods are applied to conduct an in-depth study of the grid units. Specifically,
spatial statistical models can be used to calculate economic indicators for each grid unit and analyze their spatial
distribution patterns. For instance, in Liaocheng, the spatial distribution of nighttime light data and GDP can be analyzed
to explore the relationship between economic activity hubs and resource distribution. Additionally, spatial correlation
analysis tools (such as Moran’s ) can be employed to reveal the spatial clustering effects of economic activities in
Liaocheng.

3 Visualization and Decision Support

Finally, visualization technology is utilized to present the analysis results in an intuitive manner. Tools such as heatmaps
and 3D spatial distribution maps can effectively display economic activity hotspots, areas of uneven development, and
their dynamic trends in Liaocheng. This not only provides researchers with tools to deeply understand the spatial
characteristics of economic activities but also offers policymakers intuitive and reliable data support.

For example, through visualization analysis, mismatches between economic activities and land use in certain areas of
Liaocheng can be identified, providing a basis for optimizing resource allocation.

4 Applications of Spatial Grid Economic Statistics in Liaocheng
4.1 Urban Planning and Development

In recent years, urban planning in Liaocheng has exhibited significant expansion trends, particularly in the spatial
layout of built-up areas. Using remote sensing imagery data and economic growth data from 1985 to 2023, it was found
that land use for roads and transportation facilities has been the primary driver of the expansion of built-up areas in
Liaocheng. Meanwhile, local fiscal revenues, including GDP, total population, and total industrial output, are important
factors influencing this expansion.

These data reveal the economic driving forces behind urban expansion ™. By incorporating spatial grid economic
statistics, these driving forces can be further combined with geographic spatial data and refined to specific grid units,
thereby more intuitively reflecting the spatial characteristics of urban expansion.

In addition, spatial grid economic statistics provide robust data support for urban functional zoning and infrastructure
optimization. For instance, by conducting a grid-based analysis of the spatial distribution of transportation facilities and
residential areas in Liaocheng, it is possible to more accurately identify traffic congestion hotspots and uneven facility
distribution issues, offering scientific evidence for improving urban planning layouts.
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4.2 Resource Allocation Optimization

The demand for precise management of resource allocation in Liaocheng is increasingly growing. Spatial grid
economic statistics effectively assess the coupling relationship between regional economic activities and resource
allocation ™. Specifically, by integrating economic and geographic data, Liaocheng can dynamically monitor resource
utilization efficiency within different grid units and identify instances of uneven resource distribution. For example, some
areas may face infrastructure overload, while others may experience resource wastage.

Using the grid-based method, not only can resource allocation be optimized, but public service facility investments
can also be dynamically adjusted. Building on the practices of Liaocheng’s Urban and Rural Grid-based Service
Management Regulations, the spatial layout of infrastructure, educational resources, and healthcare services can be
further refined to improve the fairness and efficiency of resource allocation. This approach not only helps enhance the
quality of public services in Liaocheng but also provides a replicable model for resource optimization in other regions.

4.3 Industrial Cluster Analysis

As an important economic node in the Yellow River Basin, industrial clusters in Liaocheng play a vital role in regional
economic development. Spatial grid economic statistics can identify the spatial distribution characteristics and
evolutionary patterns of industrial clusters in Liaocheng. Local fiscal revenues and transportation infrastructure have
significantly driven regional economic development, while studies further highlight the complex coupling relationship
between urbanization and green total factor productivity (GTFP)®. Building on these findings, Liaocheng can utilize grid-
based methods to analyze the impact of industrial clusters on regional resource utilization efficiency and the ecological
environment.

Specifically, by analyzing the spatial distribution of various industries within grid units in Liaocheng, it is possible to
identify areas suitable for developing specific types of industrial clusters. For instance, areas with convenient
transportation may be more suited for logistics and manufacturing industries, while regions with favorable ecological
environments could be ideal for cultural and tourism industries. Additionally, spatial grid economic statistics can uncover
the potential spaces for industrial cluster development within the region, providing scientific references for Liaocheng’s
industrial policy formulation and investment attraction efforts.

5 Challenges and Countermeasures
5.1 Technical Barriers

The implementation of spatial grid economic statistics involves complex data processing and analysis techniques, with
technical barriers becoming particularly prominent when managing large-scale datasets. One of the main challenges is
achieving efficient data processing and storage, as spatial grid systems require the integration and analysis of large
volumes of diverse datasets such as economic activity data, land use data, and nighttime light data. These processes
demand substantial computational resources and advanced algorithms to ensure timely and accurate results®. In
Liaocheng's context, where data sources are multifaceted and require harmonization, the computational demands further
amplify these challenges.

Additionally, the reliance on high-performance computing environments poses another significant obstacle. Spatial
grid technologies are heavily dependent on robust technical resources, including advanced computing facilities and well-
trained personnel. However, the lack of such resources in Liaocheng could limit the scalability and efficiency of spatial
grid economic statistics. Insufficient hardware infrastructure and computational power may lead to delayed processing,
reduced data precision, and difficulties in handling large-scale analyses “.

To address these technical barriers, Liaocheng should adopt innovative data processing solutions, such as distributed
computing and cloud storage. Distributed computing enables the division of large datasets into smaller, manageable
segments that can be processed simultaneously across multiple systems, improving efficiency and reducing processing
time. Cloud storage offers scalable and cost-effective solutions for storing vast amounts of data, ensuring accessibility and
supporting real-time analytics.

Moreover, strengthening the region’s hardware infrastructure is essential to improve its computational capacity.
Investments in high-performance servers, advanced data processing software, and robust network systems are necessary
to support the technical demands of spatial grid economic statistics. In parallel, building local technical expertise through
training and collaboration with academic and research institutions can further enhance the region’s capability to
implement and maintain these advanced systems.

By addressing these challenges with a combination of technological innovation, infrastructure development, and
capacity building, Liaocheng can overcome technical barriers and fully leverage the potential of spatial grid economic
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statistics for regional planning and decision-making.

5.2 Data Accuracy and Availability

Data accuracy and availability are critical factors for ensuring the effectiveness and reliability of spatial grid economic
statistics. Multi-source data, such as economic indicators and geographic information, often face challenges related to
inconsistencies in precision and insufficient timeliness. These issues can significantly affect the reliability of research
outcomes. For instance, while nighttime light data serves as a valuable tool for reflecting the spatial distribution of
economic activities, its accuracy may be compromised by external factors like cloud cover, atmospheric conditions, and
light pollution, which introduce uncertainties in the analysis .

To address these challenges, Liaocheng should prioritize the establishment of a multi-source data correction
mechanism. Techniques such as cross-validation, which involves comparing data from multiple sources to identify and
rectify discrepancies, and historical data comparison, which ensures consistency over time, can be employed to enhance
data credibility. These measures will help minimize errors and improve the overall quality of the integrated data.

In addition to accuracy, ensuring data availability is equally important. Promoting data sharing and openness is
essential to enable the seamless integration of data across departments and regions. This can be achieved through
collaborative agreements, shared data platforms, and standardized data formats. Furthermore, efficient mechanisms for
updating and maintaining data must be implemented to ensure its timeliness and completeness. Regular updates, along
with clear protocols for data management, will help sustain the relevance and applicability of spatial grid economic
statistics. By addressing issues of data accuracy and availability through systematic corrections and robust sharing
practices, Liaocheng can significantly enhance the reliability and applicability of spatial grid economic statistics, providing
a strong foundation for informed decision-making and effective policy implementation.

5.3 Policy Support and Applicability

The promotion of spatial grid economic statistics necessitates strong and comprehensive policy support to ensure its
successful implementation. While initial efforts have been made in urban and rural grid-based service management in
Liaocheng, the full potential of spatial grid economic statistics in policy formulation and practical applications has not yet
been fully realized. Effective policy support serves as a crucial foundation, providing institutional guarantees and financial
investments required for the application of advanced technological methods. However, significant challenges remain,
particularly in fostering collaboration among departments and adapting applications to the specific needs and
characteristics of the local context ™.

To effectively address these challenges, Liaocheng should prioritize refining and enhancing relevant policies. This
includes clearly defining the roles and functions of spatial grid economic statistics within the framework of regional
development planning. By establishing explicit guidelines and objectives, the method can be more effectively integrated
into decision-making processes and development strategies. Additionally, the creation of long-term mechanisms to
support the sustained application of spatial grid economic statistics is essential. These mechanisms should ensure the
continuous refinement and adaptation of the method to meet evolving regional needs.

Pilot projects can play a pivotal role in demonstrating the feasibility and benefits of spatial grid economic statistics. By
implementing such projects in selected areas, Liaocheng can accumulate valuable experience, identify potential
challenges, and optimize the methodology for broader application. The insights gained from these pilot initiatives can
serve as a reference model for other regions, promoting the adoption and scalability of spatial grid economic statistics
across various contexts. Through these combined efforts, Liaocheng can not only enhance its own regional planning and
governance but also contribute to the broader advancement of innovative statistical methods in regional development.

6 Conclusion and Recommendations

This study summarizes the theoretical foundation and application potential of spatial grid economic statistics in
regional development and, using Liaocheng as an example, explores its specific applications in urban planning, resource
allocation optimization, and industrial cluster analysis. The findings indicate that spatial grid economic statistics, by
enhancing data spatial resolution, can reveal the spatial dynamic characteristics of regional economic activities and
provide scientific support for policymaking and resource optimization. However, challenges remain in areas such as
technical support, data quality, and policy promotion.

Future research should focus on strengthening the application of high-performance computing technologies in large-
scale data processing, improving multi-source data integration and correction mechanisms, and exploring the
adaptability of grid-based methods across broader regions and different fields. Additionally, local governments are
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advised to enhance policy support, establish long-term technical application assurance systems, and promote pilot
projects to accumulate experience. These efforts will advance the widespread application of spatial grid economic
statistics in regional development, offering innovative approaches to precise economic management and sustainable
development.
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