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Abstract

Improving the accuracy and dynamic nature of urban ecological-economic zon-
ing holds significant theoretical importance and application value for scientifi-
cally guiding urbanization development. This study establishes a linear model
using nighttime light data and population density to explore the simulation re-
finement of data that previously used administrative regions as the minimum
statistical unit. Subsequently, by introducing variable parameters, a dynam-
ically adaptive ecological-economic zoning model is constructed, which, while
enhancing the model’ s dynamic adaptability, uniformly divides the primary
zoning results into four categories: ecological control areas, ecological prior-
ity areas, optimized development areas, and key development areas. Taking
Zengcheng District of Guangzhou City as a typical case study, the improved dy-
namically adaptive ecological-economic zoning model is employed to simulate
and compare Zengcheng District under two scenarios using GIS, and policy rec-
ommendations are proposed. The zoning results conform to local development
characteristics and also provide a scientific methodology for ecological-economic
zoning research in other cities and regions.
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Abstract

Improving the accuracy and dynamic adaptability of urban eco-economic re-
gionalization holds significant theoretical and practical value for scientifically
guiding urbanization development. This study addresses the simulation and re-
finement of data traditionally aggregated at administrative boundaries by estab-
lishing a linear model between nighttime light data and population density. By
introducing variable parameters, we constructed an adaptive eco-economic re-
gionalization model that enhances dynamic adaptability while standardizing pri-
mary regionalization results into four categories: ecological conservation zones,
ecological priority zones, development optimization zones, and key development
zones. Using Zengcheng District in Guangzhou as a typical case study, we
applied the improved adaptive eco-economic regionalization model to simulate
and compare two scenarios. The zoning results align with local development
characteristics and provide scientific methods for eco-economic regionalization
research in other cities and regions, along with policy recommendations.

Keywords: eco-economic regionalization; population density simulation;
DMSP/OLS nighttime light data; dynamic adaptability; scenario analysis

Introduction

During rapid urbanization, many cities have experienced uncontrolled sprawl, in-
tensifying conflicts between socio-economic development and ecological environ-
mental protection. Balancing and managing the social, economic, and natural
dimensions of urban complex ecosystems to ensure sustainable urbanization has
become a critical global research issue. Eco-economic regionalization employs
systematic analysis methods to comprehensively consider heterogeneity in eco-
economic structure and function, dividing regions into different eco-economic
zones from perspectives of socio-economic development and ecological environ-
mental protection, and proposing pathways and countermeasures at various
levels. Scientific eco-economic regionalization can provide systematic ecological
and economic development directions for urbanization management, facilitat-
ing coordinated and sustainable development of urban social, economic, and
natural composite ecosystems. Also termed eco-economic functional regional-
ization, this approach has evolved alongside eco-economic theory, integrating
environmental and socio-economic factors. After years of research, the prin-
ciples, index systems, calculation methods, and technologies have become in-
creasingly sophisticated. However, existing eco-economic regionalization still
faces challenges such as administrative boundary constraints, poor systematic
approaches, limited dynamic adaptability, and poor horizontal comparability
of results. In particular, recent Chinese concepts such as ecological protection
red lines and basic ecological control lines emphasize the need to break admin-
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istrative boundaries to preserve intact critical ecological lands. The Ministry of
Environmental Protection’s “Technical Guidelines for Ecological Protection Red
Line Delineation” also emphasizes the dynamic nature of ecological protection
red line areas, which can increase according to actual conditions. Improving the
accuracy and dynamic adaptability of urban eco-economic regionalization on
this basis holds important theoretical and practical significance for scientifically
guiding urbanization development.

This study takes Zengcheng District in Guangzhou as the research area, in-
corporating population density simulation data and dynamic adaptability into
the eco-economic regionalization model. The objectives are threefold: first, to
serve the eco-economic regionalization of Zengcheng District; second, to explore
methods for improving the accuracy and dynamic nature of eco-economic re-
gionalization; and third, to appropriately unify regionalization types to enhance
horizontal comparability of results.

1. Study Area and Data Preprocessing

Zengcheng District is located in central Guangdong Province, east of Guangzhou
city, at the northeastern corner of the Pearl River Delta (113°32 -114°00 E,
23°05 -23°37 N). The district features a south subtropical maritime monsoon
climate with uneven rainfall distribution (more in the north, less in the south).
Situated in a transition zone between hilly mountains and plains, the terrain
slopes from high in the north to low in the south. The northern mountain-
ous area contains multiple geological disaster-prone sites. The district has a
well-developed water system and abundant water resources, with a large pro-
portion of existing ecological land. The total administrative area is 1,616.47
km?2. In 2013, the registered population was 854,400, GDP reached 98.945 bil-
lion yuan, and per capita GDP was 115,900 yuan. The three-industry structure
was 5.4:60.61:33.98.

As the Guangzhou municipal strategy accelerates, Zengcheng, as one of the
five key development areas in Guangzhou, is gradually receiving related indus-
tries and urban infrastructure such as rail transit. Comprehensive eco-economic
regionalization that considers local ecosystem importance, socio-economic devel-
opment, and resource-environment carrying capacity is crucial for Zengcheng to
both serve as Guangzhou’ s backyard garden and seize development opportuni-
ties.

Basic research materials and base maps include: Zengcheng District adminis-
trative division maps, 2013 land use classification status maps, 2013 satellite
remote sensing images, digital elevation model (DEM) data, and hydrological
information provided by relevant Zengcheng departments. Under the support
of ArcGIS software, all data were spatially gridded with a minimum unit of
30mx30m. Due to data source limitations, some data were spatialized by ad-
ministrative boundaries. All collected and derived data were used to establish
three major indices: socio-economic development degree, ecosystem protection
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degree, and resource-environment carrying capacity.

2. Eco-Economic Regionalization Index System and Tech-
nical Roadmap

Based on previous index systems and comprehensively considering various indi-
cators—including economic development level, ecosystem service function im-
portance, population activity intensity, location advantage degree, resource
availability, environmental capacity overload, ecosystem sensitivity, and vul-
nerability—this study integrates them into three categories for comprehensive
functional evaluation: socio-economic development degree, ecosystem protection
degree, and resource-environment carrying capacity. The specific index system
is shown in Table 1, and the model technical roadmap is shown in Figure 1.

Table 1 The index system of eco-economic regionalization
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Technology roadmap of the model

3. Population Density Simulation Data Based on Nighttime
Light Images

A critical factor limiting the accuracy of eco-economic regionalization is the ex-
istence of statistical data aggregated by administrative jurisdiction, such as pop-
ulation numbers and available resource quantities. To improve regionalization
accuracy, it is necessary to scientifically simulate and grid such administrative-
level statistics. One solution is to identify raster data that shows significant
statistical correlation for simulation. Numerous studies have used DMSP/OLS
remote sensing data for population density gridding simulation, demonstrating
significant correlations between nighttime light intensity and population density
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within lit areas. Population density gridding simulation expresses population
data spatially according to geographic grids per unit area, which more closely
approximates actual population distribution than administrative unit-based ex-
pression and facilitates integration with other socio-economic and environmental
data, thereby enhancing comprehensive management capabilities for population,
resources, and environment.

Building on previous research and combining existing residential unit boundary
data with nighttime light intensity data, this study attempts to grid administra-
tive boundary-based population statistics. Using the 2013 stable average night-
time light intensity image (F182013.v4c_ web.stable lights.avg_vis.tif) and ex-
tracting urban and village residential areas from the 2013 land use status map
provided by Zengcheng District’s Land Bureau as the study area, we established
a linear relationship between population numbers and stable nighttime light in-
tensity values in each grid, referencing the research of Cao Liqin et al. and Zhuo
Li et al. The model is expressed as:

PD=P x V/3V

where PD is resident population density, P is year-end resident population statis-
tics by street/town administrative unit, V is the stable average nighttime light
intensity value in the grid (range 0-63), and XV is the sum of light intensity
values within the residential boundaries of the street/town administrative unit.

The simulated resident population density within each street/town is shown in
Figure 3. The results indicate that Zengcheng s resident population is con-
centrated in the industrially developed southern areas and around the urban
center, while the northern mountainous areas have sparse populations, match-
ing actual conditions. This method effectively reflects population distribution
at the municipal scale, accurately distinguishing residential from non-residential
areas, and is significant for improving the accuracy of socio-economic develop-
ment indicators.

Figure 2

Stable average nighttime light data of Zengcheng
Figure 3 [FIGURE:3] Resident population density of Zengcheng

4. Adaptive Eco-Economic Regionalization Model

For urban eco-economic regionalization, both the current urban situation and
future planning management objectives are in constant dynamic change. The
regionalization must both align with actual conditions to some extent and pro-
vide scientific basis for addressing unreasonable current situations. To solve the
problem of flexible and variable actual conditions and planning needs, enhanc-
ing the dynamic adaptability of eco-economic regionalization models becomes
crucial.

This study comprehensively considers multiple factors, systematizes the primary
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regionalization method in eco-economic regionalization, and constructs an adap-
tive eco-economic regionalization model by introducing adjustable parameters.
The model attempts to divide urban areas into four primary zones—ecological
conservation zone, ecological priority zone, development optimization zone, and
key development zone—whose proportions can be adjusted according to needs,
thereby determining their spatial locations and enhancing model adaptability
and practicality. The current status and future development trends covered by
the model’ s regionalization types are detailed in Table 2 and Table 3.

Table 2 Adaptive eco-economic regionalization model
Table 3 Present situation and future development suggestions for different re-
gionalization types

The model results are obtained through three operational steps:

Step 1: Calculate the current eco-economic development value by subtracting
the ecosystem protection degree index from the socio-economic development
degree index. The calculation methods for both indices directly reference Wang
Sen’ s research. All index values are spatially gridded data with the same
value range. The development status results can be divided into four situations:
higher values indicate the research unit currently leans toward socio-economic
development, lower values indicate orientation toward ecosystem protection, and
middle values suggest either a win-win situation between economic development
and ecological protection or deficiency in both.

Step 2: Under the four situations from Step 1, consider local resource-
environment carrying capacity conditions. The resource-environment carrying
capacity calculation method directly references Wang Sen’ s research, where
larger values indicate relatively more available resources and lower environ-
mental pollution levels, and smaller values indicate the opposite. The model
consolidates all situations into eight categories.

Step 3: Based on actual conditions and protection principles, the eight cate-
gories are merged into four primary zones: ecological conservation zone, ecolog-
ical priority zone, development optimization zone, and key development zone.

Applying the adaptive eco-economic regionalization model for primary classi-
fication can fully consider management department requirements for the area
ratio of ecological protection land and construction development land in their
region. By adjusting model parameters ( , ESP, REC1, REC2), the area of each
primary zone can be controlled, increasing model flexibility without compromis-
ing scientific rigor and accuracy. Under ArcGIS, parameter adjustments enable
rapid model construction, enhancing intuitiveness and practicality.

5. Scenario Analysis Based on Dynamic Adaptive Region-
alization

To validate the adaptive eco-economic regionalization model, this study selected
two scenarios: (1) current status values of ecological land-related data for model
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accuracy verification; and (2) simulated Zengcheng ecological land meeting eco-
logical county requirements for model dynamic adaptability verification.

In scenario analysis, the proportion of protected areas to national territory refers
to the percentage of various protected areas (scenic spots, nature reserves, eco-
logical function conservation areas, water source protection areas, closed moun-
tain afforestation areas, etc.) to total land area. This area should be classified as
ecological conservation zones from structural and functional perspectives. The
proportion of ecological land area to national territory area refers to the percent-
age of ecological land (water bodies, vegetation, etc.) to total land area. Most
of this area should be classified into ecological conservation zones and ecological
priority zones. The main difference between the two scenarios lies in delineating
ecological conservation zones and ecological priority zones according to different
proportions and clarifying their corresponding spatial locations.

Table 4 Scenario analysis

Scenario 1: Zengcheng' s Current Status

If Zengcheng’ s future ecological environment development primarily maintains
the status quo, ecological conservation zones account for approximately 27%
of the national territory, while ecological priority zones account for 31%. The
corresponding regionalization is shown in Figure 4. Comparing with actual con-
ditions, existing natural scenic areas in Zengcheng' s northern mountains, the
headwaters of the Paitan River, and other important ecological lands are all
included in ecological conservation zones, while ecological priority zones cover
areas with higher vegetation coverage and transition zones around strongly ur-
banized areas. This indicates good simulation accuracy of the adaptive eco-
economic regionalization model.

Scenario 2: Ecological County Requirements

If Zengcheng aims to develop into a low-carbon eco-city, referencing the Ministry
of Environmental Protection’ s “Ecological Province Construction Indicators”
and Zengcheng’ s 12th Five-Year long-term plan, ecological conservation zones
should increase to approximately 42% of the national territory, while ecological
priority zones should remain basically unchanged at about 27%. The regionaliza-
tion results are shown in Figure 4. From the spatial distribution perspective, the
ecological conservation zone area in Scenario 2 completely contains that in Sce-
nario 1 and expands continuously around its edges. The expansion prioritizes
areas with strong ecosystem service functions or high ecological vulnerability.
Through practical verification, even though the ecological priority zone area
hasn’ t changed significantly, its spatial location has changed substantially due
to the expansion of ecological conservation zones. In addition to covering the
ecological priority zone range from Scenario 1 that wasn’ t annexed by the ex-
panded ecological conservation zones, Scenario 2’ s ecological priority zones also
incorporate some adjacent development optimization zones. Some optimization
development zones remain within ecological priority zones, representing actual
villages and towns that are preserved and reflected. The model results maintain
good accuracy while preserving dynamic adaptability and details.
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First-level eco-economic regionalization map

6. Empirical Regionalization Results and Policy Recom-
mendations

Referencing Zengcheng’ s planning goal of building a low-carbon eco-city and
applying the above adaptive eco-economic regionalization model, this study ob-
tained first-level eco-economic regionalization through expert discussion to de-
termine various model parameters. Using a bottom-up approach, we layered
and clustered natural ecological factors (water pollution, vegetation, etc.) and
socio-economic factors (population, transportation, etc.), then comprehensively
considered administrative boundaries, land use types, and natural boundaries
such as terrain to obtain second-level eco-economic regionalization through qual-
itative analysis. The area ratio of each zone is: key development zone: develop-
ment optimization zone: ecological priority zone: ecological conservation zone
= 15:27:27:31. The main development directions for each second-level zone were
clarified, and relevant recommendations were proposed.

Table 5 Second-level eco-economic regionalization

Southern Urban Ecological Industrial Zone (II-2)
As Zengcheng' s industrial and commercial center, this zone has high develop-
ment levels but also large resource consumption. Water and air pollution are
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most severe due to concentrated industrial production, processing, and sewage
outfalls. While ensuring economic development, the zone should prioritize im-
proving river water quality and air quality. For the existing industrial layout,
green buffer zones should be established. For the local pillar industry—denim gar-
ment manufacturing—industry access should be regulated, printing and dyeing
processes should be improved, exhaust treatment devices should be installed,
and small-scale wastewater treatment plants for printing and dyeing wastew-
ater can be appropriately built. Green isolation belts should be established
around industrial concentration areas to reduce noise impacts on surrounding
residents. Relying on the local national-level economic and technological devel-
opment zone, the industrial structure should gradually eliminate high-energy-
consumption and high-pollution enterprises while introducing energy-saving and
high-tech industries. Commercial and service land use should be appropriately
increased to improve urbanization levels and the proportion of residential land,
improve people’ s livelihoods, and transform rural residential areas to promote
intensive and economical land use and enhance urban image.

Paitan River Headwaters Ecological Function Conservation Area (IV-
1)

With large terrain undulations, high biodiversity, and important water conser-
vation and soil retention functions, this area contains multiple forest parks and
the Baishuizhai Scenic Area due to its rich natural landscape resources. It
should be protected as permanent ecological land. Relying on locally abundant
and unique natural landscapes and resources, tourism development should be
reasonably planned. Tourism-related infrastructure should adopt appropriate
engineering measures for low-intensity development to reduce environmental
disturbance. The number of agritourism facilities and domestic waste discharge
should be strictly controlled, with corresponding reward and punishment mea-
sures and strengthened supervision to avoid excessive environmental pressure.

7. Conclusions and Discussion

This study first established a linear model between nighttime light data and
population density to explore the simulation and refinement of data traditionally
aggregated at administrative boundaries. By introducing variable parameters,
we constructed an adaptive eco-economic regionalization model that enhances
dynamic adaptability while standardizing primary regionalization results into
four zones: ecological conservation zone, ecological priority zone, development
optimization zone, and key development zone. Using Zengcheng District as a
case study, we conducted scenario simulations to verify the model’ s accuracy
and dynamic nature, followed by analysis and policy recommendations.

Compared with previous studies, the proposed population density model avoids
errors from determining population distribution ranges by simply finding night-
time light intensity thresholds. It accurately distributes street/town-level ad-
ministrative population statistics to population concentration areas, effectively
improving population distribution accuracy across spatial scales. Within pop-

chinarxiv.org/items/chinaxiv-201703.00432 Machine Translation


https://chinarxiv.org/items/chinaxiv-201703.00432

ChinaRxiv [f)]

ulation concentration areas, the linear proportional relationship between light
intensity and population data further optimizes internal population distribution.
Since the model applies to the minimum population statistical unit (street/town
administrative units), it effectively avoids discrepancies in the correspondence
between nighttime light intensity and population distribution across different
towns due to economic development differences.

The constructed adaptive eco-economic regionalization model standardizes pri-
mary regionalization results into four categories, enhancing systematicity and
facilitating horizontal comparison across regions. Primary regionalization re-
sults break administrative boundaries, preserve the integrity of important eco-
logical processes, and reflect functional differences within administrative units.
By combining local planning and management objectives to adjust model pa-
rameters, the proportions of each zone can be modified, further enhancing model
flexibility and practicality.

After years of research by Chinese scholars, eco-economic regionalization prin-
ciples, methods, and indicators have become increasingly mature. However,
requirements for regionalization result accuracy and operability are growing
higher, especially for small- and medium-scale regionalization. Future improve-
ments should focus on:

1. Data spatial refinement: Higher spatial refinement brings results closer
to reality, improving accuracy and operability. Spatially explicit input
data for index calculation (such as GDP and available resources, normally
aggregated administratively) is key to improving zoning result accuracy.

2. Dynamic adaptability: EER model results are only useful when the zon-
ing process is more adaptive to local management objectives. Introducing
target management mechanisms combined with local strategic planning
can further improve regionalization precision and usability.

3. Systematic zoning schemes: Zoning results should consider both
administrative and natural-economic boundaries rather than simply clus-
tering indicator data. This facilitates practical zoning and management
within administrative boundaries while enabling comparison between
them. Combining top-down and bottom-up approaches with clustering
methods is recommended.
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