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Abstract: With the accelerating urbanization process, the population increasingly concentrates in
urban areas. In view of the special situation in China and a series of problems in the process of
rapid urbanization, there were no reasonable measures for optimizing the population pattern. This
study explored the distribution pattern of the Chinese population and proposed an optimization
plan for the population distribution using GIS analysis. The main findings were as follows. (1)
From 2010 to 2015, the distribution of population density in China presented a pattern of high in
the southeast and low in the northwest based on the county-level administrative regions. The
population still showed a tendency to migrate to the southeast of the country based on the “Hu
Huanyong Line”. (2) There was a great difference in the land use efficiency in terms of population
and economic production in China. The economic concentration in China was higher than the
population concentration. In the areas where population and economic production were
aggregated, GDP per capita and land use efficiency were higher. (3) Based on the land use
efficiency in terms of population and economic production, the optimized urbanization plan of
“1+4+11” for China’s urbanization was put forward, namely, one national-level aggregated area of
population and economic production, 4 regional-level aggregated areas of population and
economic production, and 11 local regionally aggregated areas of population and economic
production. This optimization plan for urbanization represents an attempt to explore the direction
of China’s urbanization, and it can be used to optimize the spatial development pattern and
provide scientific guidance for the new urbanization plan.
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1. Introduction

Population distribution refers to the distribution of a population in a certain geographical
space at a given time, or to the spatial form of a population [1]. Population size and population
density are the main indicators of population distribution and are used to measure regional
differences in population distribution. The spatial distribution pattern is closely related to climate,
resources and environment and has typical scale characteristics [2]. With the accelerating
urbanization process, the population increasingly concentrates in urban areas. In 2017, the global
urban population reached 4.11 billion, and the urbanization rate increased from 33.5% in 1960 to
54.92% in 2017. In the same period, the urbanization rate in China reached 57.90%, which is higher
than the world average but remains low compared with the developed countries in the world. For
example, the urbanization rate was 81.87% in the United States, 83.08% in the United Kingdom, and
94.44% in Japan [3,4]. At the same time, the world average population density increased from 23.00
people per km? in 1960 to 55.72 people per km? in 2017, while China’s population density was
147.50 people per km?, which was 2.65 times the average population density in the world [4]. The
area of China was more than 25 times that of Japan, Germany, the United Kingdom, and South
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Korea, but the population densities of those four countries were greater than the population density
of China; the areas of Canada, the United States, and Australia were slightly different from that of
China, while their population densities were far less than the population density in China. It can be
seen that population distribution has significant regional differences. By analyzing the
characteristics of population distribution and its evolution patterns, the population distribution can
be optimized, and the sustainable development of the population, resources, and environment can
be achieved.

After the Second World War, influenced by the spatial analysis school of thought in geography,
the focus of Western scholars of population distribution was mainly analysis of the spatial
distribution and its law variation by quantitative methods, and a series of theoretical models, such
as the Clark model [5], the algometric model of growth between urban population and urban area
[6], the index model [7] and the multicore model of urban population density [8], were put forward.
In the 1970s, Western scholars began to pay attention to the suburbanization of the urban
population. The research focused mainly on the changes in population distribution [9,10], the
relationship between population density changes and social phenomena [11-13], population
suburbanization and spatial structure [14,15] and so on.

In 1935, China's population geologist Hu Huanyong proposed the differential line from
southeast and northwest that reveals the population density distribution in China, namely, the
Heihe-Tengchong Line, which is now called the “Hu Huanyong Line” [16]. In his research, 36% of
the area southeast of the “Hu Huanyong Line” was inhabited by 96% of the population. There was
a certain degree of overlap between this demonstration line and the rainfall line in the
meteorological area, the dividing line of the geomorphological area, the dividing line of cultural
transformation, and the ethnic line. Therefore, the "Hu Huanyong Line" was not only the
population line of China but also the boundary of China's ecological environment. Since the "Hu
Huanyong Line" was put forward, Chinese scholars have conducted extensive research on
population distribution, mainly focusing on the population distribution based on the “Hu
Huanyong Line” [17,18], urbanization patterns based on population [19-21], and the relationship
between the population and economic environment based on GIS spatial analysis methods and
economic statistical methods [22-24].

Scholars at home and abroad have conducted much research on population distribution, but
there have been reasonable measures to optimize the population distribution in view of the unique
national conditions in China and the series of problems that have arisen in the process of rapid
urbanization. As far as China’s current urbanization development management system is
concerned, the implementation of each project has undergone rigorous review and scientific
argumentation, but the “discrete” review and argument has ultimately led to “systematic”
problems. To solve these problems, we must analyze the population distribution at the national
macro scale.

To this end, this paper emphasizes the optimization of China's population distribution pattern
based on the characteristics of the population distribution to reveal the relationship between the
spatial distribution of land, population and economic production in China in 2010 and 2015. The
pattern optimization plan can provide a macro-level decision-making reference for the new
urbanization construction and long-term development of China.

2. Methodology

2.1. Data

According to the characteristics of the population distribution in the years of 2010 and 2015
and the land use efficiency in terms of the population and economic production, a corresponding
population layout optimization plan has been proposed. This study took the county-level
administrative district as the basic statistical unit and considered the city-governed districts as a
whole. This study took the county-level administrative district as the basic statistical unit. The
specific data were obtained from the "Chinese County Statistical Yearbook", the "Chinese City


http://dx.doi.org/10.20944/preprints201808.0162.v1
http://dx.doi.org/10.3390/su10103598

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 August 2018 d0i:10.20944/preprints201808.0162.v1

3 of 17

Statistical Yearbook" and the Urban Planning and Design Institute of China, which included the
vector database of the county administrative division in China and statistical data of county
administrative areas, such as population and GDP in 2010 and 2015 [25-28].

Based on research needs, the following preprocessing of some base maps and statistical data
was carried out. (1) Comparative analysis was made of administrative divisions of 1:100,000 county
administrative district maps and county-level statistical yearbook data of 2010 and 2015. (2) Because
the statistical yearbook data included the data of districts and counties based at the county level, the
data of each district were aggregated and integrated into the data of the corresponding
city-governed districts. For this purpose, the city-governed districts were consolidated using
ArcGIS 10.2 software. For example, in Beijing in 2010 (pre-adjustment) under the jurisdiction of 16
city-governed districts and 2 counties, this paper merged 16 city-governed districts into a whole,
and the demographic data of the population were similarly added and connected. (3) To facilitate
the analysis of the statistical data, such as the spatial-temporal change of the household registration
population and GDP, the city-governed districts in 2010 were made the reference; the
corresponding city-governed districts and data in 2015 were corrected; and the administrative
divisions that were difficult to adjust were deleted to ensure the accuracy and reliability of vertical
comparisons.

In accordance with the above principles, after preprocessing, there were 2,284 and 2,209
counties, respectively, in 2010 and 2015, with the exceptions of Hong Kong Special Administrative
Region, Macao Special Administrative Region, and Taiwan Province. The changes from 2010 to
2015 concerned 93 counties, with 1 county divided into two counties, 11 counties changing names,
and 81 counties merged into city-governed districts. After pretreatment, statistics and changes in
the population-related indicators in China for both 2010 and 2015 are shown in Table 1.

Table 1. Population-related statistics for the years 2010 and 2015

Index 2010 2015

Number of counties 2284 2209
Area (Ten thousand km?) 956.37 956.37
Population (100 million) 13.52 13.75
Population density (person/km?) 141.45 143.82

GDP per capita (Ten thousand/person) 3.42 5.52
GDP per area (Ten thousand/km?) 484.18 794.55
Construction land per capita (m?/person) 275.80 283.64

It should be noted that the population in this study refers to the household registration
population, which includes citizens who have registered permanent residence in the public security
household registration management office of residence in accordance with the Regulations of the
People's Republic of China on Registration of Household Registration. The household registration
population is different from the resident population. The resident population refers to the
population that often lives in a certain area for a certain period of time (more than six months,
including half a year). Given China's special conditions, there are significant differences between
the household registration population and the resident population in the administrative region. For
example, the resident population tends to be larger than the household registration population in
large cities with large population influx, while the resident population is often smaller than the
household registration population in cities with large population outflows.

2.2. Method

In this study, GIS spatial analysis, cluster analysis and statistical regression analysis were used
to carry out the characteristic analysis of the population distribution pattern in China. The specific
technical process is shown in Figure 1.
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Figure 1. Technical flow of population distribution optimization

The main steps of the study were as follows. (1) Population, area and GDP data were used to
analyze the characteristics of the population distribution pattern in China at the county level. First,
the characteristics of population density in 2010 and 2015 were analyzed, and then, the population
of China was divided according to the population density; second, the changes in the proportion of
population and area on both sides of the “Hu Huanyong line” were analyzed to reveal the
migration pattern of the Chinese population from 2010 to 2015.

(2) Based on the spatial distribution characteristics of population density, population, area and
GDP, the population density was ranked from high to low, and the correlation between cumulative
percentage of area and cumulative percentage of population and GDP was analyzed to reveal the
efficiency of land use in terms of population and economic production in China.

(3) Based on the efficiency of land use for the population and economic production, the future
direction for the optimization of the population distribution pattern in China was noted.

3. Results

3.1. Population distribution in China

Figure 2a and 2b shows the population density distribution of China in 2010 and 2015. Five
regions were determined by ranking the population density from high to low: (1) extremely dense
population areas (population density greater than 500 people per km?), (2) dense population areas
(population density greater than 200 people per km? and less than 500 people per km?), (3) medium
population areas (population density greater than 50 people per km? and less than 200 people per
km?), (4) sparse population areas (population density greater than 1 person per km? and less than 50
people per km?) and (5) extremely sparse population areas (population density less than 1 person
per km?).
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Figure 2. Population distribution pattern of China, (a) Description of population distribution pattern
in 2010; (b) Description of population distribution pattern in 2015.

From 2010 to 2015, the distribution of population density based on the county level
administrative regions showed a pattern of high in the southeast and low in the northwest. The
total population increased from 1.35 billion to 1.38 billion, and the population density increased
from 141.45 people per km? to 143.82 people per km?2. The areas with high population density were
mainly concentrated in the middle and lower reach of the Yellow River, the Yangtze River Delta,
the Sichuan Basin, and the southeast coastal areas. The extremely dense population areas carried 51%
of the population with 9% of the national land area and were distributed in urban areas such as the
North China Plain, Shandong Peninsula, Shanghai, Chengdu, Chongqing, Wuhan, Guangzhou and
Shenzhen; 13% of the country's land area, considered a dense population area and containing 30%
of the population, was mainly distributed in the plains surrounding the Northeast Plain, the middle
and lower reaches of the Yellow River, the Yangtze River Delta, Central China, South China, and
southwestern cities; the medium population areas covering 20% of the country’s land area and
hosting 16% of the population were distributed in the areas of the Yunnan-Guizhou Plateau, Longxi
Mountains, the mountains of the northeastern plains, and the surrounding areas of central China;
41% of the country’s land area, considered the sparse population area, carried only 3% of the
population and concerned mainly Inner Mongolia, Xinjiang, most of the mountainous areas in
western Sichuan, and the eastern part of the Qinghai-Tibet Plateau; the extremely sparse population
area accounted for 17% of the country's land area, but the area was almost unoccupied, mainly in
southern Xinjiang, western Inner Mongolia and the Qinghai-Tibet Plateau.

Taking the seat of the government of Heihe City and Tengchong County as the endpoints, we
draw the “Hu Huanyong Line” and use it as the boundary to divide the land into the southeast half
and the northwest half of China. The county administrative district where the “Hu Huanyong Line”
passes was designated by the seat of the county government that belonged to the southeast or the
northwest half of China. Table 2 shows the changes in the proportion of the population on both
sides of the “Hu Huanyong Line” in China from 2010 to 2015. It reveals that the proportion of the
population and population density decreased in the northwest and increased in the southeast of
China. The population still showed a tendency to migrate to the southeast of China.

Table 2. Changes in the proportion of population on both sides of the “Hu Huanyong line” in China

from 2010 to 2015
Year Northwest of the “Hu Huanyong Line”
Area proportion (%) Population ratio (%) Population density (People/ km?)
2010 57.25 6.25 15.38

2015 57.25 6.12 15.34
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Year Southeast of the “Hu Huanyong Line”
Area proportion (%) Population ratio (%) Population density (People/ km?)
2010 42.75 93.75 309.26
2015 42.75 93.88 314.85

3.2. Land use efficiency in terms of population and economic production

Based on the characteristics of the population distribution pattern in China, we can further
explore the land use efficiency for the population and the economic production and then provide
support for optimizing the population distribution pattern. The area of mainland China is 9,593,700
km?, and it supports a population of 1.375 billion. Compared with China, the total area of the
United States is 9.832 million km?, and it supports a population of 321 million people, which is less
than one-fourth of the Chinese population. The area of Canada is 9.985 million km?, and it supports
35.85 million people, which is less than 3/100 of the Chinese population [4]. Therefore, based on the
similar land area, the population that China needs to feed is 4 times that of the United States and 38
times that of Canada. Hence, choosing the least land to support the most people and optimize the
population distribution pattern is the only means to achieve the urbanization and sustainable
development of China.

According to the order of population density from high to low, the cumulative percentages of
land area, population and GDP are calculated, and the coordinating relationship between
population, GDP and land is analyzed. Figure 3 shows the distribution of population density as the
base figure, and the blue area shows the overlapping area of population, GDP and land according
to the increase in the percentage of population, in which the unit of population is people, the unit of
GDP is the Yuan, and the unit of area is square kilometers. The analysis shows that 3.88% of the
land area (0.3725 million km?) supports 30.04% of the population (approximately 413 million) and
50.58% of the GDP (38.43 trillion Yuan); 50% of the population (0.688 billion) lives in 8.46% of the
land area (0.8114 million km?) and produces 68.44% of the GDP (52 trillion Yuan); 95% of the
population (1.307 billion) lives on 37.87% of the land area (3.6329 million km?) and produces 96.13%
of the GDP (73.05 trillion Yuan); and 54.19% of the land area (5.1991 million km?) can carry 99.01%
of the population (1.362 billion) and produce 99.08% of the GDP (75.29 trillion Yuan) in China.

Population: 138 million Proportion: 10.04% (o N Population:275 million  Propartion:20.02%
GDP:15.93 trillion Proportion:20.96% GDP:28.34 trillion Proportion:37.30%
Area:76.1 thousand Proportion:0.79% Area:208.3 thousand Proportion:2.17%
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Figure 3. The overlapping distribution of population, GDP and land with the increase of the
cumulative percentage of population, (a), (b), (c), (d), (e), (f), (g), (h), (i) and (j) Description of the
overlapping distribution of population, GDP and land with the cumulative percentage of
population of 10.04%, 20.02%, 30.04%, 41.38, 50.00%, 60.06%, 70.00%, 80.04%, 95.00% and 99.01%,

respectively.

Figure 4 shows the cumulative percentage of land area, population and GDP sorted by
population density from high to low. When the cumulative percentage of land area is 11.57%, the
cumulative percentages of population and GDP reach 60.06% and 75.66%, respectively; when the
cumulative percentage of land area reaches 37.87%, the cumulative percentages of population and
GDP are 95% and 96.13%, respectively; beyond this, with the increase in the cumulative percentage
of land area, the cumulative percentages of population and GDP increase slowly. In general, the
area where the cumulative percentage of land area is less than 37.87% is part of the area where
population and economic production are aggregated, and the degree of economic aggregation in
these areas is higher than the degree of population aggregation; the per capita GDP is higher, and
the land use efficiency is also higher. The area where the cumulative percentage of land area is less
than 11.57% is a highly aggregated area of population and GDP. The degree of economic
aggregation in these areas is significantly higher than the degree of population aggregation, and
these areas have the highest GDP per capita and the highest land use efficiency, which could lead
them to become key development areas for urbanization in China.

100% e
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1157% 37.87% Cumulative percentagé of area
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Figure 4. The cumulative percentage of land area, population and GDP sorted by population
density from the highest to the lowest.
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3.3. Population pattern optimization

Based on section 3.1 on the population distribution in China and section 3.2 on the land use
efficiency for the population and economic production, the future trend of urbanization in China is
mainly concentrated in the areas of highly aggregated population and economic production.
Through spatial superposition and cluster analysis, the aggregated areas of population and
economic production are shown in Figure 5. By referring to various standards for the identification
of urban agglomerations at home and abroad [29-32] and combining the characteristics of this study,
the identification criteria for aggregated areas of population and GDP were determined as follows:
(1) the population density from high to low of county-level administrative districts revealed a
cumulative percentage of land area less than 11.57%, a cumulative percentage of population less
than 60.06% and a cumulative percentage of GDP less than 75.66%; (2) the number of county-level
administrative districts was greater than or equal to 3; and (3) the county-level administrative
districts were contiguous. Based on the above principles, the key areas for the future development
of urbanization in China were proposed following the pattern of “1+4+11”: one nationally
aggregated area of population and economic production, 4 regionally aggregated areas of
population and economic production and 11 local regionally aggregated areas of population and
economic production. The analysis showed that in total, 675 counties belonged to the aggregated
areas of population and economic production, with a population of 764 million, an area of 1,209,200
km?2, and a GDP of 51.08 trillion Yuan, which accounted for 10.72% of the land area, 55.56% of the
total population and 67.22% of the GDP. According to the number of counties and the size of the
aggregated area of population and economic production, the aggregated area of population and
economic production was divided into three categories: (1) the first-class aggregated area of
population and economic production with the quantity of 1; (2) the second-class aggregated area of
population and economic production with the quantity of 4; and (3) the third-class aggregated area
of population and economic production with the quantity of 11 (Table 3).
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Figure 5. Distribution of aggregated areas of population and economic production.

Table 3. Characteristics of the aggregated areas of population and economic production.

Population Area (10 GDP
ID Name (100 thousand (Trillion Class Regions
million) km?) Yuan)
Taking Beijing,
Tianjin, Shijiazhuang,
Aggregated area of Jinan, Qingdao,
1 northern and eastern 4.34 56.17 29.38 1 Zhengzhou, Hefei,
China Nanjing, Hangzhou
and Ningbo as the
centers
Taking Chonggqin,
,  Agsregated areaof 0.89 13.45 3.90 2 and Cfengdui: e
Cheng Yu
centers
Aggregated area of Taking Wuhan and
3 central Yangtze 0.64 9.94 3.72 2 Changsha as the
River centers
4 Aggregated area of 0.41 418 929 ’ Taking Fuzhou and
the west side Xiamen as the centers
Aggregated area of Taking Guangzhou,
5 Guangdong and 0.59 8.60 6.92 2 Shenzhen and
Guangxi Nanning as the
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centers
6 Aggregate-d area of 0.08 0.64 0.76 3 Taking Shenyang as
central Liaoning the center
A t £ Taking Yingk
” ggrega e.d area o 0.05 0.68 0.38 3 aking Yingkou as
eastern Liaoning the center
g Aggregated area of 0.04 0.69 0.53 3 Taking Yantai as the
coastal Shandong center
9 Aggregated area of 0.06 074 0.35 3 Taking Taiyuan as
the central Shanxi the center
10 Aggregated area.of 0.04 0.64 0.10 3 Taking Linfen as the
western Shanxi center
1 Aggregated area. of 0.02 018 0.07 3 Taking Changzhi as
eastern Shanxi the center
12 Aggregated area of 015 168 0.80 3 Taking Xian as the
Guanzhong center
13 Aggregated area of 011 113 0.72 3 Taking Wenzhou as
eastern Zhejiang the center
14 Aggregatefi area’ of 011 192 0.66 3 Taking Nanchang as
central Jiangxi the center
15 A'ggregateq area. of 0.04 0.65 015 3 Taking Yichun as the
Xiang-Gan junction center
16 Aggregated .area of 0.09 L6d 0.36 3 Taking Guiyang as
central Guizhou the center
Total  Aggregated areas 7.64 102.92 51.08 - Southeastern China

The nationally aggregated area of population and economic production, crossing Beijing,
Tianjin, Hebei Province, Shandong Province, Henan Province, Anhui Province, Jiangsu Province,
Shanghai and Zhejiang Province with 408 county-level administrative districts and taking as centers
the important provincial capitals, municipalities and cities such as Beijing, Tianjin, Shijiazhuang,
Jinan, Qingdao, Zhengzhou, Hefei, Nanjing, Shanghai, Hangzhou and Ningbo, was the largest
aggregated area of population and economic production in China. The region had a population of
434 million, an area of 561,700 km? and a GDP of 29.38 trillion Yuan and represented 5.85% of the
total land area, 31.56% of the population and 38.66% of GDP; this was the most important
urbanized area.

The regionally aggregated area of population and economic production consisted of 4 regions
with 192 county-level administrative districts, which were the aggregated area of Cheng Yu with
Chongqing and Chengdu as the centers, the aggregated area of central Yangtze River with Wuhan
and Changsha as the centers, the aggregated area of the west side with Fuzhou and Xiamen as the
centers, and the aggregated area of Guangdong and Guangxi with Guangzhou, Shenzhen and
Nanning as the centers. The region had a population of 253 million, an area of 361,700 km? and a
GDP of 16.83 trillion Yuan and accounted for 3.77% of the total land area, 18.40% of the population
and 22.15% of the GDP, which was important for the development of urbanization in China.

The local aggregated area of population and economic production included 11 regions with 75
county-level administrative areas, namely, the aggregated area of central Liaoning with Shenyang
as the center, the aggregated area of eastern Liaoning with Yingkou as the center, the aggregated
area of coastal Shandong with Yantai as the center, the aggregated area of central Shanxi with
Taiyuan as the center, the aggregated area of western Shanxi with Linfen as the center, the
aggregated area of eastern Shanxi with Changzhi as the center, the aggregated area of Guanzhong
with Xi’an as the center, the aggregated area of eastern Zhejiang with Wenzhou as the center, the
aggregated area of central Jiangxi with Nanchang as the center, the aggregated area of Xiang-Gan
junction with Yichun as the center, and the aggregated area of central Guizhou with Guiyang as the
center. The population of the region was 0.77 billion, the area was 105,800 km?, and the GDP was
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4.87 trillion Yuan, and the region occupied 1.10% of the total land area, supported 5.60% of the
population and produced 6.41% of the GDP, representing the main area for the development of
urbanization in China.

4. Discussions

4.1. Population distribution and National strategy

China has a vast territory and large regional differences. It should build a regional
development pattern with different characteristics and coordination based on its natural geography,
resource endowments and economic-social development level and follows the general laws of the
market economy. Since the founding of New China, China's regional development strategy has
gone through three stages of development, namely, the balanced regional development strategy
before the reform and opening up, the unbalanced regional development strategy from the
beginning of the reform and opening up until the late 1990s, and the regional overall development
strategy from the late 1990s until now.

In 2000, the CPC Central Committee decided to implement a major decision-making strategy
for the development of the western region. In 2003 and 2006, it was decided to implement the
strategy of rejuvenating the old industrial bases in the northeastern region and to promote the
strategy for the rise of the central region. With the addition of the development strategy for the
eastern region that started in 1979, China's overall development strategy for the region took shape
[33].

According to the new situation in China's accelerated economic and social development, the
country was divided into four major economic regions: the eastern region, which included Beijing,
Tianjin, Hebei Province, Shanghai, Jiangsu Province, Zhejiang Province, Fujian Province, Shandong
Province, Guangdong Province and Hainan Province; the northeast region, which included
Liaoning Province, Jilin Province and Heilongjiang Province; the central region, which included
Shanxi Province, Anhui Province, Jiangxi Province, Henan Province, Hubei Province and Hunan
Province; and the western region, which included Inner Mongolia, Guangxi, Chongqing, Sichuan
Province, Guizhou Province, Yunnan Province, Tibet, Shanxi Province, Gansu Province, Qinghai
Province, Ningxia and Xinjiang [34]. The main content of the economic and social development in
the various regions was the development of the western region, the revitalization of the northeast
region, the rise of the central region, and the development that took the lead in the eastern region.

Based on the four major economic regions and the overlapping distributions of population,
GDP and land as the cumulative percentage of population increases with population density,
shown in Figure 3, the percentages of area, population and GDP in different intervals by
cumulative percentage of population are portrayed in the four major economic regions in Figure 6.
The area percentage (Figure 6a), population percentage (Figure 6b) and GDP percentage (Figure 6¢)
at different intervals of cumulative percentage of population in the four major economic regions
have similar distribution characteristics. The area percentage, population percentage and GDP
percentage in the eastern region are reduced as the cumulative percentage of population increases;
the area percentage, population percentage and GDP percentage in the western region increase
following the increase in the cumulative percentage of population; the area percentage, population
percentage and GDP percentage in the central region first increase and then decrease following the
increase in the cumulative percentage of population, while in the northeast region, the area
percentage, population percentage and GDP percentage are very low until the cumulative
percentage of population reaches a level between 80.04% and 99.01%.
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Figure 6. Description of the area percentage (a), population percentage (b) and GDP percentage (c)
in different intervals of cumulative percentage of population in the four major economic regions.
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In section 3.3, the identification criteria for aggregated areas of population and economic
production were determined based on the population density ordered from high to low,
considering county-level administrative districts with a cumulative percentage of land area less
than 11.57%, a cumulative percentage of population less than 60.06% and a cumulative percentage
of GDP less than 75.66%. Hence, in aggregated areas of population and economic production, the
area percentage, population percentage and GDP percentage from the highest to the lowest were in
the eastern region, the central region, the western region, and the northeast region.

In summary, in the process of China’s urbanization, the eastern region has remained the focus
of development, and the rise of the central region has been effective. Despite the strategy of
developing the western region and the strategy of rejuvenating the old industrial bases in the
northeast, the urbanization effects in the western and northeast regions are still significantly lower
than the effects in the eastern and central regions. Since the implementation of the overall regional
development strategy, the regional development gap has continuously narrowed, the
self-development capabilities of the central, western and northeast regions have increased, the
regional economy in China has undergone positive changes, and the development strategy of the
“four regions” has been successful to a certain degree. In contrast, the separation of economic ties
between regions has restricted the application of regional comparative advantages, formed a
policy-to-region comparison and not been conducive to the overall urbanization process in China.

4.2. Division of urban aggregated areas

For different countries and regions and for different research purposes, the division of urban
agglomerations also has its own characteristics. Based on the selection criteria and principles of
different urban agglomerated areas, the division of China's urban agglomerations included Shimou
Yao's "6+7" plan, Chaolin Gu's "3+3+7+17" plan and Chuanglin Fang's "5+9+6" plan. These programs
had an important guiding role in the proposed "1+4+11" plan for optimization of the urbanization
plan in China.

Prof. Shimou Yao of the Nanjing Institute of Geography and Limnology, Chinese Academy of
Sciences, pointed out in the proposed “6+7” scheme for the classification of urban agglomerations in
China that Chinese urban agglomerations can include 6 super large urban agglomerations and 7
urban agglomerations with similar urban agglomerations [35]; Prof. Chaolin Gu of Tsinghua
University proposed the spatial structure of "3+3+7+17" for China’s urban system, which contained
3 metropolitan areas, 3 large urban areas, 7 urban agglomerated areas and 17 urban development
areas [36]; Prof. Fang of the Chinese Academy of Sciences proposed the spatial pattern of “5+9+6”
for urban agglomerations in China, which was focused on establishing 5 national-level urban
agglomerations, steadily building 9 regional urban agglomerations and guiding the development of
6 local agglomerations [37].

Based on the land use efficiency in terms of population and economic production, the “1+4+11”
program proposed in this study for China’s key urban development areas included 1 national
aggregated area of population and economic production, 4 regional aggregated areas of population
and economic production, and 11 local aggregated areas of population and economic production.
To break the restrictions of the previous urban agglomerations with municipal administrative units
as the basic unit, the program used the county as the basic unit, which can more accurately reflect
the aggregate effect of China's population and economic production; at the same time, the
cumulative percentages of land area, population and GDP were sorted by population density from
the highest to the lowest to better describe the distribution pattern of China's population and
propose the optimization plan for the population distribution pattern based on land use efficiency
in terms of population and economic production.

Figure 5 shows the distribution characteristics of key urban development areas in China. It can
be seen that the aggregated areas of population and economic growth of the “1+4+11” program are
all located east of the “Hu Huanyong” line, which takes the important guiding role for the
population distribution pattern in China. Hence, China’s population and economic development
will continue to focus east of the “Hu Huanyong” line; that is, the future direction of China’s
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urbanization is still in eastern and central China, which represents the areas of aggregated
population and economic production.

5. Conclusions

Based on county-level administrative regions, this study proposed a plan for the optimization
of the population distribution pattern of China. The main conclusions were as follows:

(1) From 2010 to 2015, the distribution of population density in China based on the
county-level administrative regions presented a pattern of high in the southeast and low in the
northwest. The areas with high population density were mainly concentrated in the middle and
lower reaches of the Yellow River, the Yangtze River Delta, the Sichuan Basin and the southeastern
coastal area. The population density differed significantly on either side of the “Hu Huanyong
Line”. From 2010 to 2015, the population still showed a tendency to migrate to the southeast of the
country. In the study of Chen et al. (2016), the Chinese population showed a trend of migration to
the northwest of the country from 1933 to 2010 [18]. The difference from the results of this study is
attributed to the fact that this study used the household population, and Chen et al. (2016) used the
China population census data; namely, there was inconsistency in the population statistics. This
study considered that the analysis of the distribution pattern of population by household
population demographics can more accurately reflect the current status of urbanization in China.

(2) There was a great difference in the land use efficiency in terms of population and economic
production in China. Based on the population density from high to low, the cumulative percentages
of population and GDP increased with the cumulative percentage of land area. The economic
concentration was higher than the population concentration. In the areas with highly aggregated
population and economic production, GDP per capita was higher, as was land use efficiency. These
regions can be used as main development areas for urbanization in China.

(3) Based on the land use efficiency in terms of population and economic production, the
optimized urbanization plan of “1+4+11” for China’s urbanization was put forward, including one
national-level aggregated area of population and economic production, 4 regional-level aggregated
areas of population and economic production and 11 local regional aggregated areas of population
and economic production, which would account for 10.72% of the land area, support 55.56% of the
total population and produce 67.22% of the GDP and represent important areas for the
development of urbanization in China.

In this study, we proposed the optimization plan of “1+4+11” for urbanization based on the
land use efficiency for the population and economic production in an attempt to explore the future
direction of China’s urbanization. This plan can be used to optimize the spatial development
pattern and provide scientific guidance for the new urbanization plan. It selected only two
indicators of land use efficiency for the population and economic production to characterize the
population distribution pattern; later, the ecological environment, such as rainfall, water resources
and other limiting factors, can be added to better optimize the population structure, enrich the
index system of population structure optimization and build a more efficient and sustainable
development of urbanization in China.
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