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Abstract. Understanding how the population is distributed geographically helps governments
and organizations allocate resources more efficiently. For example, they can allocate funds for
infrastructure development, healthcare facilities, schools, and public services based on the
population's concentration and distribution. City planners can use population distribution data to
design cities and urban areas effectively. They consider factors like housing needs, transportation
infrastructure, and zoning regulations based on the population's spatial distribution. This study
takes Chengdu as an example, and the article analyzes the spatial structure distribution of the
population in Chengdu in the last decade based on the census data 0of 2012, 2017, and 2021, using
analysis methods such as population distribution structure index (PDSI), mean pointer center,
and population center of gravity, combined with Geographic Information System (GIS)
technology. According to the analysis, it can be concluded that the population distribution pattern
in Chengdu has not changed much, but the city area has been expanded. Besides, the policy
adjustment has a certain impact on the population center of gravity but not as much as other
factors. At last, topography, transportation, and economic development all have an impact on the
population distribution of Chengdu.
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1. Introduction

With the rapid economic development and urbanization, the population problem is becoming more and
more serious, and the population distribution is becoming more and more diversified. The change in
population distribution in space directly reflects the change of different regions in the social and
economic fields. Different regions have different cultural backgrounds, economic factors, policies, and
management, so their population spatial distribution structure varies. Geographic Information System
(GIS) is a computer-based system for acquiring, storing, analyzing, and presenting spatial data. It
enables users to visualize, query, and analyze data to gain insights and make informed decisions. GIS is
composed of hardware, software, and data. It allows users to create interactive maps and 3D models to
explore and analyze spatial relationships, patterns, and trends. GIS is used across a wide range of
industries and applications, such as urban planning, navigation, crime analysis, natural resource
management, and many more [1]. GIS can help organizations and individuals better understand their
environment and enable them to make more informed decisions. GIS is powerful, accurate, cost-
effective, and can help improve organizational efficiency and performance. This paper analyzes the
current situation and changes in the spatial distribution of population and the urban spatial structure in
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Chengdu by using GIS technology, so as to provide a scientific basis for promoting sustainable
population development. Businesses can use population distribution data to identify potential markets
and target audiences. Understanding the demographic characteristics of populations in specific areas,
including age, gender, income levels, etc., helps companies tailor their products or services and develop
targeted marketing strategies. This can also reveal the environmental impact of human activities in
different areas. This information informs policies for sustainable land use, resource management, and
environmental protection.

2. Study area profile and data sources

Situated at the western edge of the Sichuan Basin and sitting on plains, Chengdu administers 12,390
km2 of land, ranging in latitude from 30° 05' to 31° 26' N. Meishan, Ziyang, Ya'an, Deyang, and the
Ngawa Tibetan and Qiang Autonomous Prefecture are its neighboring prefectures. The urban area
features a few rivers with an elevation of 500 m, while the topography becomes more complicated
outside of the immediate urban area. The lowest point in Chengdu Prefecture, lying in southeast
anointing County, is at 378 m. The total resident population of the city reached 20,947,000 at the end of
2020. The urbanization rate of the resident population is 78.77%, an increase of 3.68 percentage points
from the end of 2017. The birth rate of the population is 12.11%, the death rate of the population is
10.38%, and the natural population growth rate is 1.73% [2]. The population data of this study were
obtained from the total population data of the sub-districts in the years 2012, 2017, and 2021 in the
Chengdu Statistical Yearbook, and the map data were obtained from the National Basic Geographic
Information Center. Since the administrative area was adjusted in 2016, the map of 2012 is the zoning
map before the administrative area adjustment, and the map of 2017 and 2021 is the zoning map after
the administrative area adjustment.

3. Methodology

3.1. Population distribution structure index

Population Distribution Structure Index (PDSI) is a measure of population distribution structure, which
reflects the change in population distribution structure in a certain area. PDSI is usually used to assess
the population distribution of a certain area, such as the number and density of urban and rural
populations, the structure of rural settlements, the response of the population to the geographical
environment, etc. PDSI can help governments and social organizations to effectively solve local
population distribution problems, such as planning urban structure [3], managing population movement,
developing urban and rural transportation, etc.
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In the formulas above, U is the imbalance index, C is the concentration index, P is the total population
of the region, S is the total area of the region, and i is a sub-region; n is the sum of all subregions within
the study region, Pi is the total population of the region i, and Si is the sum of the areas of the region i.

3.2. Density of population

The density of population is the number of people per unit of land area. There are two commonly used
units of measurement: person/square kilometer and person/hectare. It is an important indicator of the
distribution of population in a country or region.

P
D=1 (3)
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In the formula above, D is the population density within a region, P is the number of people in a
region, and S is the number of areas in a region.

3.3. Mean pointer center

The mean point center of a population is a point of equilibrium. The center of gravity of a population is
the central point of an area's population, which reflects the total population distribution of an area. It can
help study trends in population change and can provide useful information to government decision-
makers [4]. The center of gravity can be marked with a dot on a map to reflect the distribution of the
population.

4. Analysis of the spatial and temporal evolution of population distribution

4.1. Population distribution structure index

The closer the imbalance and concentration indices are to 0, the more balanced the population
distribution is; the closer the imbalance and concentration indices are to 1, the more uneven the
population distribution is. With the change of time, the U-value and C-value of the population
distribution structure index of Chengdu are both on the rise, and the overall population distribution is
more balanced.

4.2. Density of population

Using ArcGIS software to process the population statistics of Chengdu in 2012, 2017, and 2021, the
population density distribution of Chengdu can be obtained, as shown in Figure 1. From Figure 1, it can
be seen that before the administrative area adjustment in 2016, the largest population densities were in
Wuhou and Shuangliu districts. The areas with the lowest density were Xinjin and Pujiang counties. As
the main urban area, Wuhou has many factors that attract the population, such as large commercial and
trade areas, abundant leisure and entertainment venues, and well-developed subway transportation [5],
with interchange stations for many lines set up in this district. The overall population density in the
eastern region is larger than that in the west. After the administrative region adjustment in 2016, the
population density of Jinyang city gradually became larger, the population density in the east is still
higher than that in the west, and the population density in the north is also rising.

4.3. Mean pointer center

The use of the population center of gravity shift model can provide an important basis for making
decisions on how to distribute the population and regional socio-economic development in metropolitan
areas in the future [6]. By using the ArcGIS tool to visualize the calculation results, it can be seen that
the center of gravity of the population in Chengdu in 2012, 2017, and 2021 is in Wuhou District (as
shown in Figure 1-4), and the population distribution pattern has not changed much in these three years.
The population distribution pattern of the city has not changed much.
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N Population distribution in Chengdu in 2012
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Figure 1. Population distribution in Chengdu in 2012.
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Figure 2. Population distribution in Chengdu in 2017.
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- Population distribution in Chengdu in 2021
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Figure 3. Population distribution in Chengdu in 2021.
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Figure 4. Comparison of population distribution in Chengdu in 2012, 2017, and 2021.

5. The main factors influencing the spatial and temporal patterns of population distribution in
Chengdu

The population distribution in a certain region is necessarily influenced and constrained by various
factors such as the level of economic development and social production methods in the region [7]. In
general, the macroscopic pattern of population distribution in Chengdu has been relatively stable since
2010 until the administrative division adjustment in 2016, with significant geographical differences in
population distribution due to the natural environment, economic development level, urban planning
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and policy factors in the study area, etc. After the administrative division adjustment in 2016, there were
significant differences in population distribution compared to the previous pattern [8].

5.1. Environmental and location factors

The environmental and locational factors affecting the population distribution in Chengdu include
geographic location, natural resources, economic development, population aggregation patterns,
transportation network, and urban development. Geographic location factors include the transportation
links and economic links between Chengdu and the surrounding areas, as well as the geographical
location where Chengdu is located, and these factors influence population movement and population
aggregation. Natural resource factors include climate, vegetation, land quality, topography [9],
geomorphology, etc. These resources influence population placement and aggregation. Economic
development refers to the economic activities that influence the distribution of population in
metropolitan areas, such as agriculture, industry, services, and commerce, which determine the
placement and aggregation of the population. Population aggregation pattern refers to the forms of
population aggregation, such as urban, rural, and fringe land.

5.2. Urban area restructuring and policy factors

The adjustment of the administrative division of Chengdu in 2016 has led to a significant improvement
in the urban development space of Chengdu, optimized resource allocation, and maximum embodiment
of the functions of the central city. The area of the central city expands and drives the development of
the surrounding areas, and the population distribution shows obvious changes, with a lower degree of
aggregation and a more balanced population distribution.

5.3. Economic development level factors

The nature of the spatial distribution of the population is a direct reflection of the differences in the level
of economic development. The higher the level of economic development, the higher the population
density. The downtown area is the economic, policy, and cultural center of Chengdu. The industries
formed in the precinct of the city center have formed a good trend of cluster development. As the
collaboration between Sichuan and Chongqing accelerates, the urban areas will attract more resources
and investment. The rest of the counties will choose different economic development models according
to their own characteristics and market-oriented industries [10], such as agricultural and sideline
products, fruits and vegetables, etc., which will fully promote local economic development and thus
change the population distribution pattern. The synergistic economic development will drive the
population of Chengdu to disperse to different counties and districts. Therefore, the level of economic
development can directly influence the spatial distribution of the population, and at the same time, the
gathering of the population will also improve the local economic level, resulting in mutual interaction.

6. Conclusion

By analyzing the population structure, population density, and population center of gravity in Chengdu
in 2012, 2017, and 2021, it can be concluded that the spatial distribution of the population in Chengdu
has the following characteristics:

First, the population distribution pattern in Chengdu has not changed much, but because of the change
in administrative areas in 2016, the city area has been expanded to attract talent to the city center.

Second, in the past decade, the population of Chengdu centered in Wuhou district and Shuangliu
district; in 2021, the population became more in the areas that are located a little north, such as Wenjiang
district. This means that the policy adjustment has a certain impact on the population center of gravity,
but not as much as other factors.

Third, the population concentration in Chengdu is obvious, and the population in the western
mountainous areas is small, indicating that topography also has an impact on population distribution.
Additionally, the economic development and transportation in the west are not as good as they are in
the east, so the population is more in the east.
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