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Abstract: Urbanization is a complex process that covers a wide range of topics, of which population, industry and land urbanization are 

three important aspects. Jilin Province is an important agricultural province in China. The contradiction between population, industry 

and land urbanization is especially prominent here, and its coupling development is of great practical significance. In this paper, the 

coupling degree of population-industry-land urbanization in Jilin Province in 1990, 2000 and 2010 is measured by coupling mode. The 

spatial pattern of the coupling degree is analyzed by trend surface analysis and global and local spatial autocorrelation. The influence 

factors and their spatial differentiation are discussed using multiple linear regression (MLR) model and geographic weighted regression 

(GWR) model. The results show that: 1) the coupling degree of population-industry-land urbanization in Jilin Province is at a low level. 

Judging from the change of time scale, the urbanization of most research units is becoming more and more coordinated. From the com-

parison of spatial scales, there is significant spatial difference in the research units of different administrative levels. 2) Judging from the 

global change trend, the coupling degree of population-industry-land urbanization in the central region is higher than that in western and 

eastern regions. The coordination of urbanization in the central region is relatively good, and the distribution of the cold and hot spots is 

basically the same as that overall. 3) The spatial pattern of the coupling degree is related to the cold and hot spot distribution of the in-

fluence coefficient of urban population density and per capita urban construction land. The variation of the coupling degree spatial pat-

tern is synchronous with the spatial change of the urban population density influence coefficient. 4) The degree of agglomeration of the 

urban population is the main factor promoting the coupling pattern of population-industry-land urbanization in Jilin Province, and the 

extent of its influence is gradually increasing. In addition, the level of city administrative, the efficiency of urban expansion and the 

capacity of market consumption also have an important influence on the coupling pattern. 
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1  Introduction 

A large number of cities around the world are experi-
encing rapid urbanization. It is predicted that the pro-
portion of the global urban population will reach 66% in 
2050, while in China it will reach more than 77% 
(United Nations, 2014). The core of urbanization is the 
non-agricultural transformation of population, industry 

and land (Sato and Yamamoto, 2005; Liu et al., 2014), 
including a shift in the concentration of the rural popu-
lation to urban areas, the development and structural 
adjustment of non-agricultural industries, and the de-
velopment and expansion of construction land. As a 
system, urbanization includes the subsystems of popula-
tion, industry and land, which are respectively the basic 
support, source of and the carrier of such development. 
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Many of the existing theoretical studies and develop-
ment practices have proved that there are significant 
mutual influences, correlations and restrictive relation-
ships between population, industrial and land urbaniza-
tion (Li et al., 2015). The flow of population to towns is 
an important driving force for industrial development 
and the expansion of urban land. Due to economic de-
velopment and changes in industrial structure, the de-
mand for labor drives the migration of the rural popula-
tion to towns and leads to an increase in demand for 
construction land (Kuang et al., 2014). Meanwhile, land 
urbanization provides a space carrier for the increase in 
the urban population and in industrial development 
(Zhang et al., 2016), but to some extent there are also 
spatial constraints. Since the reform and opening up, 
China has experienced an unprecedented development. 
Population, industry and land are undergoing a process 
of non-agricultural transformation during this period of 
rapid urbanization, which has brought great challenges 
in terms of environmental protection, food safety, hous-
ing security and other aspects. A strong relationship 
between population, industrial and land urbanization is 
an important prerequisite for an orderly transformation 
and healthy development of urbanization (Zhou et al., 
2016; Gu et al., 2017). To scientifically and accurately 
reveal the interaction between population, industry and 
land in the process of urbanization will help to solve the 
development problems stemming from the process of 
rapid urbanization. Therefore, the study of the relation-
ship between the three aspects has become a compelling 
topic in academic circles (Lin et al., 2015). 

Many scholars have studied issues related to popula-
tion, industry and land within the context of rapid ur-
banization. Currently, mainstream international research 
on this topic is generally concerned with one of the fol-
lowing three aspects. One is the relationship between 
population and industry urbanization. The themes of the 
study include non-agricultural development and popula-
tion migration (Sundaram, 1989; Kasimis, 2008), the 
non-agricultural employment of agricultural populations 
(Jonasson and Helfand, 2010), the implications of 
population growth and urbanization on agricultural risk 
(Fischer et al., 2012) and the influence of population 
quality on urban industry development and urbaniza-
tion process (Choy and Li, 2016). Another is the rela-
tionship between population and land urbanization. 
Scholars have primarily studied urban land areas and 

population growth (Marshall, 2007), the influence of 
population urbanization on land use changes (Sandhya 
Kiran and Joshi, 2013), changes to the landscape 
caused by population urbanization (Crols et al., 2017) 
and the relationship between population change and 
land expansion in the process of urbanization (De 
Espindola et al., 2017). The third is the perspective of 
industrial and land urbanization, involving the change 
of agricultural land into urban land (Phuc et al., 2014; 
Pandey and Seto, 2015), the transformation of land 
development policy induced by industrial urbanization 
(Labbé, 2016), and land urbanization brought about by 
industry development and changes in land develop-
ment policies (Triantafyllopoulos, 2017). Thus, we can 
find that most of the existing studies have focused on 
one or two aspects of population, industry and land 
urbanization. 

The existing research of Chinese scholars is similar to 
that of international research. It also explores urbaniza-
tion from the three aspects above: population-industry 
urbanization, population-land urbanization, and indus-
try-land urbanization (Li et al., 2010; Long et al., 2014; 
Yin and Liu, 2017). However, unlike international re-
search, Chinese scholars have paid more attention to the 
analysis and discussion of the interaction mechanism 
between the three aspects (Lyu et al., 2016; Zeng et al., 
2016; Wang et al., 2017). At the same time, the research 
perspective of Chinese scholars is generally broad, not 
limited to a single object or a relationship between them. 
The research perspective tends to start from the interac-
tion of population-industry-land urbanization (Zhu and 
Zhang, 2017; Li et al., 2017). From the perspective of 
research methods, previous studies have used traditional 
methods to investigate coupling characteristics and their 
influencing factors from a single dimension. Through 
the combing of domestic and foreign literature, we can 
find that research on the interaction between population, 
industry and land urbanization is relatively limited, and 
a deep understanding of the mechanism is also lacking. 
Therefore, this article aims to analyze the interaction 
between these three elements and explore the mecha-
nism underlying them, which will to some certain extent 
make up for these deficiencies in knowledge. 

As to the choice of study area, we have selected Jilin 
Province as the research object. Chinese scholars have 
paid more attention to the research of developed prov-
inces and neglected the underdeveloped ones. However, 
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the development problem of these provinces is more 
serious, and is worth studying. In addition, Jilin Prov-
ince is a major agricultural province in China and bears 
the important task of grain production. In 2013, seven of 
China’s ten top grain producing counties were in Jilin 
Province. Here the contradiction between population, 
industry and land urbanization is very acute, and it is 
necessary to conduct in-depth research to find suitable 
development strategies. Therefore, it is of more practical 
significance to choose Jilin Province as the research 
object. 

In summary, this study proposes the concept of popu-
lation-industry-land urbanization coupling, and takes 
Jilin Province as an empirical area to explore the inter-
active relationship among population, industry and land 
urbanization. The coupling level of population- industry- 
land urbanization is measured by quantitative method. 
The spatial pattern of the coupling degree is discussed 
from two aspects: global and local. The MLR model is 
used to explore the factors influencing the coupling pat-
tern from a global perspective, while the GWR model is 
used to discuss the local spatial heterogeneity of the in-
fluencing factors. 

2  Materials and Methods 

2.1  Study area 
Jilin Province is located in the central part of the north-
eastern China and covers an area of 187 400 km2. It is 
also the geometric center of Northeast Asia, bordered by 
Democratic People’s Republic of Korea to the southeast. 
The total population of Jilin Province increased from 
24.41 million in 1990 to 27.47 million in 2010, and the 
urbanization rate reached 53.36%. During the same pe-
riod, the GDP increased from 39.40 billion to 866.76 
billion yuan (RMB) increasing by 827.36 billion yuan 
(RMB). Jilin Province is an important agricultural re-
gion in China. The total area of agricultural land is 
about 164 000 km2, of which the amount of arable land 
is 64 439 km2. The agricultural land and the arable land 
account for 87.51% and 34.39% of the total area of Jilin 
Province, respectively, with the proportion of agricul-
tural land 17% higher than the national average. The per 
capita arable land is 0.23 ha, which is 2.18 times the 
national average. Using the administrative divisions of 
Jilin Province, we divide the study area into 48 units, in-
cluding 8 proper districts and 40 counties (Fig. 1).  

 

Fig. 1  The location of study area 
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2.2  Data sources 
Census data is the most important information for this 
study. The Chinese government has conducted six cen-
suses: in 1953, 1964, 1982, 1990, 2000 and 2010. In this 
study, the fourth (1990), fifth (2000) and sixth (2010) 
censuses are our source for population data and cover 
the whole country as well as Jilin Province. The land 
use data of this study are derived from the Resource and 
Environmental Science Data Center of the Chinese 
Academy of Sciences and reflect a scale of 110׃ million 
(Chinese academy of sciences, 2017). With the help of 
ArcGIS10.2, we first rasterize the remote sensing data 
of 1990, 2000 and 2010. Then, we put the urban land 
(referring to the construction land in cities and towns) 
and other construction land (i.e., the mining areas, large 
industrial areas, oilfields, quarries, roads, airports and 
other special areas) into one type of construction land- 
urban construction land. Finally, we use the regional his-
togram method to calculate the area of urban construction 
land for the 48 research units. In addition to population 
and land data, other relevant data are obtained from the 
Jilin Statistical Yearbook (Jilin Provincial Bureau of Sta-
tistics, 1991; 2001; 2011) and the China City Statistical 
Yearbook from 1991 to 2011 (Department of Urban So-
cial and Economic Investigation of the National Bureau 
of Statistics, 1991; 2001; 2011). 

2. 3  Methods 

2.3.1  Population-industry-land urbanization level 
and coupling model 
Based on the theoretical basis of population-industry- 
land urbanization, we take full account of the signifi-
cance of the indicators and the feasibility of the calcula-
tions. Therefore, we construct three indicators to meas-
ure and characterize regional urbanization: population 
urbanization (u1), industry urbanization (u2) and land 
urbanization (u3) (Table 1). 

To further reflect the interaction between regional 
population urbanization, industry urbanization and land 
urbanization, we introduce the concept of coupling de-
gree to measure the coordination level of the three in-
dexes. The coupling model is calculated as follows (Cao 
et al., 2008): 
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where D represents the coupling degree and u1, u2, u3 
represent population urbanization, industry urbanization 
and land urbanization, respectively. n = 1, 2, 3; i = 1, 2, 
3; j = 1, 2, 3 (i ≠ j). β1, β2, …, βn are the undetermined 
coefficients. Taking into account the support and driving 
effect of population urbanization on industry and land 
urbanization, β1 = 0.4, β2 = β3 = 0.3. The higher the D 
value, the higher the coupling degree of the popula-
tion-industry-land urbanization, and vice versa.  
2.3.2  Spatial autocorrelation analysis 
In order to describe the spatial correlation and spatial 
difference of the population-industry-land urbanization 
in Jilin Province, Moran’s I and General G are used to 
measure the global spatial correlation degree (Cliff and 
Ord, 1981; Getis and Ord, 1992). The formulas are as 
follows: 
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where xi and xj are the coupling degree of the spatial unit 
i and j, respectively. wij is the spatial weight matrix. If 
the space is adjacent, then wij is equal to 1. If not adja-
cent, then it is equal to 0. At the 95% significant level, if 
the z test result of Moran’s I is significantly positive, 
this indicates that the spatial units with similar coupling 
degree of population-industry-land urbanization are 
significantly clustered in space. On the other hand, if 
the z test result of Moran’s I is significantly negative, 
this indicates that there is a significant spatial differ-
ence in the coupling degree between the spatial unit 
and its surrounding area. Only when the value of 
Moran’s I approaches the expected value of –1/(n–1) 
are the observations are independent of each other and 
randomly distributed in space (Wang and Xiu, 2011). 
For the z test of General G, if the Z(G) value is positive 
and significant, there are agglomeration regions with 
high value. If it is negative and significant, there are 
agglomeration regions with low value. When the Z(G) 
equals 0, the observed values are independent random 
distributions. 
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Table 1  Calculation and interpretation of population-industry-land urbanization level 
Index Calculation method Index interpretation 

Population urbanization(u1) i iPU PT  The ratio of urban population (PUi) to total population (PTi) 

Industry urbanization(u2) ( )i i iSGDP TGDP GDP  
The ratio of the sum of the second and tertiary industries (SGDPi+ 

TGDPi) to gross regional product (GDPi) 

Land urbanization(u3) i iUCL L  The ratio of urban construction land (UCLi) to total land area (Li) 

 

In order to make up for the shortcomings of global 
spatial auto-correlation analysis, the local spatial auto-
correlation is used to reveal the heterogeneity of spatial 
elements. Getis-Ord Gi

* is used to identify the spatial 
distribution of high-value clusters (hot spots) and 
low-value clusters (cold spots) in different spatial units 
(Anselin, 1995). The formula is as follows: 
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where d is the distance scale and wij (d) is the spatial 
weight between the spatial units i and j. For convenience 
of explanation, Gi

* is normalized to obtain Z(Gi
*). At the 

95% significant level, if Z(Gi
*) is positive and signifi-

cant, it indicates that the coupling degree around the 
i-space unit is relatively high (above the mean), which is 
the hot spot zone of the coupling level; otherwise, the 
coupling value around the unit is relatively low (below 
the mean) and is the cold zone. 
2.3.3  Multiple linear regression model and geo-
graphic weighted regression model 
The multiple linear regression model (MLR) is used to 
analyze the influencing factors of the change in coupling 
degree of each research unit, while the geographic 
weighted regression model (GWR) is used to analyze 
the spatial differentiation of these influencing factors. 
Based on the intrinsic coupling relationship between 
population-industry-land urbanization, we use the cou-
pling degree as the dependent variable y and choose 
eight independent variables (Table 2): urban population 
density (x1), per capita GDP (x2), per capita gross indus-
trial output (x3), per area of non-agricultural output in  

urban areas (x4), per capita retail sales of consumer 
goods (x5), per capita investment in the fixed assets (x6), 
per capita urban construction land (x7) and administra-
tive level (x8). We want to get more variables, but the 
data of county’s unit is very difficult to obtain. Thus, we 
can only use the eight variables that we get. These in-
dependent variables in turn represent the degree of ur-
ban population agglomeration, the level of economic 
development, the scale of industrial development, urban 
development efficiency, market consumption capacity, 
regional investment intensity, urban expansion effi-
ciency and urban administrative level. Then, the regres-
sion model is constructed with SPSS20.0: 
y = λ0 + λ1x1 + λ2x2 + λ3x3 + … + λ8x8 + ω (6) 
where y is the estimated value calculated from the inde-
pendent variable x; λ0 is the constant term; λ1, λ2, λ3,…, 
λ8 is the partial regression coefficient. 

On the basis of multiple regression, the spatial differ-
entiation characteristics of population-industry-land ur-
banization coupling are further explored, with the 
method of geometric weighted regression model (Foth-
eringham et al., 2002; Clement et al., 2009; Wei et al., 
2011; Dziauddin et al., 2015; Su et al., 2016; Thissen et 
al., 2016; Kim and Nicholls, 2016): 

0 ( , ) ( , )i i i k k i i ik iy u v u v x          (7) 

where yi is the coupling degree of the space unit i; (ui, vi) 
is the geographical center of the space unit i; and βk 

(ui,vi) is the value of the continuous function βk (u,v) in 
the the space unit i. In the GWR model, each space unit 
has a specific coefficient which reflects the spatial dif-
ferences of influencing factors. 

 

Table 2  Coupling factors of population-industry-land urbanization 
Index name Index calculation Index interpretation 

Urban population density(x1) Urban population/Total area Degree of population agglomeration

Per capita GDP(x2) Gross domestic product/Total population Level of economic development 

Per capita gross industrial output (x3) Industrial gross output /Total population Scale of industrial development 

Per area of non-agricultural output in urban areas (x4) 
Sum of the second and tertiary industrial output/Urban 
construction land 

Urban development efficiency 

Per capita retail sales of consumer goods (x5) Total retail sales of consumer goods/Total population Market consumption capacity 

Per capita investment in fixed assets (x6) Total investment in fixed assets/Total population Regional investment intensity 

Per capita urban construction land(x7) Urban construction land/Urban population Urban expansion efficiency 

Administrative level (x8) Four levels from low to high are assigned to 1,2,3,4 City administrative level 
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3  Results 

3.1  Quantity variation of coupling degree 
From the calculation of the coupling degree of popula-
tion-industry-land urbanization, we can find that cou-
pling degrees of the majority counties in Jilin Province 
are less than 0.4 in 1990, 2000 and 2010 (Fig. 2). Only 
those of Changchun Proper in 2010 and Liaoyuan 
Proper in 1990, 2000 and 2010 are more than 0.5. Ob-
viously, population-industry-land urbanization shows a 
low degree of coordination in the 48 units. From the 
time point of view, the coupling degree of most research 
units keeps increasing from 1990 to 2010, demonstrat-
ing that the urbanization of most regions is becoming 
more and more coordinated. However, there is still 
plenty of room for improvement. From the view of spa-
tial variation, there is a significant difference of the cou-
pling degree in different regions. The coupling degrees 
of proper districts are greatly higher than those of coun-
ties, reflecting the spatial variance among the regions in 
different administrative ranks.  

3.2  Spatial variation of coupling degree 
We use trend surface analysis to further study the spatial 

variation of the coupling degree of population-industry- 
land urbanization in Jilin Province in 1990, 2000 and 
2010. In Fig. 3, the X-axis represents the east direction, 
the Y-axis represents the north direction, and the Z-axis 
represents the coupling degree of the 48 units. In these 
three years, the spatial distribution of the coupling de-
gree presents convex curves both in north-south and 
east-west directions. However, as for the fluctuation of 
the curves, there are still great variations among the fig-
ures in the three years. The coupling degree of counties 
in the west increased during this period, and the data of 
the northern regions show the same trend. Generally, the 
coupling degree of population-industry-land urbaniza-
tion in the central regions is higher than that in the east 
and north, which indicates that the development of re-
gional urbanization is more coordinated. This spatial 
distribution of the coupling degree corresponds with the 
real situation of the urbanization level. The speed and 
quality of economic and social development in the central 
regions (e.g., Changchun and Jilin) are higher than in 
other regions. Changchun is the largest city and the capi-
tal of Jilin Province, while Jilin is the second largest city. 

3.3  Spatial autocorrelation of coupling degree 
We apply the ArcGIS10.2 to calculate the estimated 

 

Fig. 2  Coupling degree of population-industry-land urbanization in Jilin Province from 1990 to 2010 

 

Fig. 3  Trend surface of coupling degree of population-industry-land urbanization in Jilin Province from 1990 to 2010 
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value of Global Moran’s I and Getis-Ord General G of 
the coupling degree of the 48 research units (Table 3). It 
shows that the Global Moran’s I is negative in 1990, and 
the inspection results are remarkable (i.e., z values are 
less than –1.96), which signifies negative spatial auto-
correlation. However, the Global Moran’s I is positive 
and significant in 2000 and 2010 (i.e., z value is higher 
than 1.96), demonstrating that the coupling degree pre-
sents a positive spatial correlation and is increasing 
gradually. Based on analysis stemming from the Global 
Moran’s I, we calculated the Getis-Ord General G to 
conduct further study. The results show that the z score 
of 1990, 2000 and 2010 are all positive and remarkable 
(Table 3), which means that there are high-value ag-
glomeration areas of the coupling degree of popula-
tion-industry-land urbanization in these three years of 
Jilin Province. 

In order to reveal the spatial characteristics of popu-
lation-industry-land urbanization coupling in Jilin Prov-
ince, we need to further identify the hot and cold spots 
of coupling degree. Based on the coupling data of 
population-industry-land urbanization in the three years, 
we calculated the Getis-Ord Gi

* statistical values of each 
research unit. Then, using the quantile fragmentation 
method, we divide the Gi

* statistical values into four 
types from high to low, and define them as hot spots, 
sub-hot spots, sub-cold spots and cold spots. Based on 
this, we are able to draw the distribution of hot and cold 
spots of population-industry-land urbanization coupling 
in Jilin Province (Fig. 4). The findings are as follows:  
1) The Gi

* statistical values present a gradual decrease 
from the central areas to the east and west in 1990. Hot 
spots and sub-hot spots are mainly distributed in the  
 
Table 3  Global spatial autocorrelation index of coupling degree 
of population-industry-land urbanization in Jilin Province 

Index 1990 2000 2010 

Moran’s Index –0.564077 0.177018 0.217045

Expected Index –0.021277 –0.021277 –0.021277

Variance 0.035359 0.009524 0.009570

z-score –2.886609 2.031934 2.436119

Global 
Moran’s I 

P-value 0.003894 0.042160 0.014846

Observed General G 0.083876 0.084727 0.084415

Expected General G 0.079787 0.079787 0.079787

Variance 0.000005 0.000004 0.000004

z-score 1.781410 2.479713 2.466701

Getis-Ord 
General G 

P-value 0.074845 0.013149 0.013636

central and western regions. Sub-cold spots are distrib-
uted in the western, central and eastern regions, while 
cold spots are distributed in the eastern and western re-
gions. 2) Hot spots and sub-hot areas are still concen-
trated in the central region in 2000, but show a contrac-
tion trend compared with 1990. Sub-cold spots are pri-
marily distributed in the eastern Yanbian Autonomous 
Prefecture and most of the western region. Cold spots 
are mostly distributed in most parts of the eastern Jilin 
Province and west of Qian’an County and Tongyu 
County. Compared with 1990, the eastern cold spots 
expand, while the scope of the western cold spots nar-
rows. 3) The scope of both hot spots and sub-hot spots 
expands in 2010. Hot spots are mainly distributed in the 
central region, and Gongzhuling City and Lishu County 
are two new ones. Sub-hot spots are distributed in the 
central and western regions. The number of sub-cold 
spots decreases and disperses. The cold spot distribution 
is similar to that of 2000, which is concentrated in the 
mountainous eastern area of Jilin. 

In general, the hot spots of the coupling degree of 
population-industry-land urbanization in Jilin Province 
in 1990, 2000 and 2010 are concentrated in the central 
region and gradually form a cluster around Changchun 
City. The sub-hot spots mainly distributed in the central 
and western regions, and sub-hot spots in the western 
region show an increasing trend of fluctuation. Sub-cold 
spots shrink after an increase and present a trend of 
gradual dispersion. Cold spots are primarily distributed 
in the eastern region, and the number is increasing. The 
distribution of hot and cold spots in the spatial pattern of 
the coupling degree of population-industry-land urbani-
zation in Jilin Province is consistent with changes glob-
ally. 

3.4  Influence factors of coupling degree change 

3.4.1  Analysis of influencing factors 

The influencing factors of population-industry-land ur-
banization coupling degree in 1990, 2000 and 2010 are 
analyzed by MLR model. The results are shown in Table 
4. Each stage of the model passes the significance test. 
From the regression results, urban population density 
(x1) and administrative level (x8) are positively corre-
lated with the coupling degree of population-industry- 
land urbanization in 1990, and the regression coeffi-
cients are 0.503 and 0.471, respectively. Urban popula-
tion density (x1) and administrative level (x8) are also  
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Fig. 4  Local Getis-Ord Gi
* map of coupling degree of population-industry-land urbanization in Jilin Province from 1990 to 2010 

 
Table 4  MLR model parameter estimation and test results 

Time Index Regression coefficients 

Urban population density (x1) 0.503*** 

Administrative level (x8) 0.471*** 

Constant 0.219 

1990 

Coefficient of determination of  
Correction (Adjusted R2) 

0.729 

Urban population density (x1) 0.618*** 

Administrative level (x8) 0.294*** 

Constant 0.270 

2000 

Coefficient of determination of  
correction (Adjusted R2) 

0.683 

Urban population density (x1) 0.814*** 

Per capita urban construction land (x7) 0.170** 

Constant 0.298 

2010 

Coefficient of determination of  
correction (Adjusted R2) 

0.703 

Notes: * P < 0.05, **P < 0.01, ***P < 0.001 

 
positively correlated with the coupling degree of popu-
lation-industry-land urbanization in 2000, and the re-
gression coefficients are 0.618 and 0.294, respectively. 
Urban population density (x1) and per capita urban con-
struction land (x7) are positively correlated with the 
coupling degree of population-industry-land urbaniza-
tion in 2010, and the regression coefficients are 0.814 
and 0.170, respectively. 

The results show that the index of urban population 
density is significant in 1990, 2000 and 2010, and the 
regression coefficient is the largest. It shows that the 
degree of concentration of the urban population during 
these three stages is the main factor promoting the cou-
pling pattern of population-industry-land urbanization in 
Jilin Province, and the degree of influence shows a 

growing trend. The degree of concentration of urban 
population affects the urbanization of the population and 
promotes industrial structure and land use change. Thus, 
the coupling pattern of population-industry-land ur-
banization is affected. The city administrative level also 
has an important impact on the coupling pattern in 1990 
and 2000. The higher the administrative level, the 
greater the development resources and the stronger the 
development capacity, thus, the higher the coupling de-
gree of population-industry-land urbanization, and vice 
versa. However, the influence of administrative rank is 
weakened in 2010, and the effect of urban expansion 
efficiency begins to appear.  

With the development of the city, the agglomeration 
ability of the city is improved. The impact of the gap 
between low and high-grade cities is no longer the 
dominant factor. The improvement of land non-agricul-
turalization through efficiency in urban expansion pro-
vides the main impetus for the coupling and coordinated 
development of population-industry-land urbanization. 
3.4.2  Spatial differentiation of influencing factors 
Based on the MLR analysis, the spatial differentiation of 
the influence factors of the coupling degree is further 
explored, and the dummy argument variate of the ad-
ministrative level is removed. Using the GWR analysis 
in ArcGIS10.2 software, the spatial differentiation of 
influence factors of the coupling degree is analyzed and 
predicted. As shown in Table 5, the R2 of each model is 
0.682, 0.811 and 0.812, respectively, which demon-
strates that the result is ideal. These models can be used 
to explain the spatial differentiation of influence factors 
of the coupling degree. 
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Table 5  Parameter estimation of GWR model and test 

Model parameter 1990 2000 2010 

Bandwidth 139865.343 108614.749 152554.186 

Residual Squares 0.054 0.025 0.026 

Effective Number 11.084 16.098 14.421 

Sigma 0.038 0.028 0.028 

AICc –166.187 –190.553 –192.704 

R2 0.750 0.872 0.866 

Adjusted R2 0.682 0.811 0.812 

 
The results of GWR analysis show that the correla-

tivity between urban population density (x1) and the 
coupling degree of population-industry-land urbaniza-
tion is positive in 1990. As shown in Fig. 5, the regres-
sion coefficient gradually increases from Siping Proper 
to the northwest and northeast, forming two high-value 
areas in the northwest and northeast of Jilin Province, 
which shows that the effect of the degree of urban 
population agglomeration on degree of popula-
tion-industry-land urbanization coupling in Zhenlai, 
Hunchun and Wangqing is stronger than in other areas. 
However, the effect in Siping, Liaoyuan and Dongliao is 
relatively weak. We also find that the low-value region 
of the regression coefficient and the location of hot spot 
areas are very close to each other. This demonstrates not 
only that the hot spot areas of high coupling degree are 
less sensitive to urban population density, but also that 
urban population density has a large influence on the 
coupling degree on the whole but a small effect on the 
high coupling degree areas locally. 

Similar to 1990, urban population density is posi-
tively correlated with the coupling degree of popula-
tion-industry-land urbanization, and the regression coef- 

 

Fig. 5  Spatial distribution of regression coefficient of urban 
population density in 1990 

ficient also gradually increases from Siping Proper to 
the northwest and northeast (Fig. 6). The highest value 
appears in Taonan County and the lowest in Siping 
Proper. Overall, the degree of concentration of the urban 
population has a significant effect on the coupling de-
gree of population-industry- land urbanization in north-
west and northeast areas and a weak effect in central and 
southern regions. The congruency between the regres-
sion coefficient of influence factors and hot spots of 
coupling degree still exists, which shows that the re-
gression coefficient of influence factors has a weak in-
fluence in high coupling degree regions. However, 
compared with 1990, the low-value area of the regres-
sion coefficient of urban population density in 2000 
shows a decreasing trend centered on Siping and 
Liaoyuan Proper, while the high-value area shows a ten-
dency of further expansion. Similar to the shrinking 
tendency of the hot spots in terms of coupling degree, it 
also confirms that the influence coefficient of urban 
population density is increasing year by year. In other 
words, the influence of urban population density is in-
creasing. 

The coupling degree of population-industry-land ur-
banization has a positive correlation with urban popula-
tion density (x1) and per capita urban construction land 
(x7) (Figs. 7 and 8). Judging from the spatial distribution 
of the regression coefficient, the regression coefficient 
of urban population density (x1) gradually increases 
from Siping Proper to the northeast and northwest. The 
maximum value appears in Taonan County in the 
northwest and the minimum value appears in Siping 
Proper in the southern and central area, which indicates 
that the influence of the degree of urban population  

 

Fig. 6  Spatial distribution of regression coefficient of urban 
population density in 2000 
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concentration on the coupling degree of population-        
industry-land urbanization is significantly higher in 
Hunchun and in Taonan County than in Siping Proper 
and other southern and central areas. In the local area, 
the congruency between the regression coefficient of 
influence factors and the hot spots of coupling degree 
still exists in this phase. However, its influence on the 
high value area of coupling degree is still weak. At the 
same time, the scope of the high value area is further 
expanded, which shows that the influence of urban 
population density on the coupling level is further en-
hanced and the scope increased. The regression coeffi-
cient of per capital urban construction land (x7) shows 
an increasing trend from the northeast to the southwest, 
but there are two high value agglomeration regions in 
the northwest and the southeast. The maximum value 
appears in Tonghua County and the minimum value ap-
pears in Longjing County. This shows that in the north-
west and southeast areas, represented by Tonghua and 
Zhenlai counties, the influence of urban expansion effi-
ciency on the coupling degree of population-industry- 
land urbanization is stronger than in the northeast area, 
represented by Longjing County. The emergence of this 
rule is closely related to the specific realities of the cities 
in these regions. Northwest Jilin Province is underde-
veloped and ecologically fragile, while the southeast 
lacks cultivated land. Thus, the efficiency of urban land 
expansion is very important to them. On the other hand, 
the level of land urbanization is lower in these forested 
mountain areas. Therefore, the promotion of urban ex-
pansion efficiency is more significant to the coupling 
level of these regions. Meanwhile, the area around 
Longjing County is a minority gathering area. The main 
industry is tourism, and the degree of land urbanization 
is relatively high. Therefore, the impact of per capital 
urban construction land here has low-value agglomera-
tion phenomenon. 

Comparing to the changes in the three years studies, 
we can find that the low-value region of the regression 
coefficient of urban population density is gradually nar-
rowing with the central area as the center, which is con-
sistent with the concentration trend of hot spots in this 
area. In other words, the degree of concentration of the 
urban population is the main driving force promoting 
the development of the coupling level in the global area, 
but its driving role is weak in high coupling degree areas 
centered on the inner city from a local view. As for the 

 

Fig. 7  Spatial distribution of regression coefficient of urban 
population density in 2010 

 

Fig. 8  Spatial distribution of regression coefficient of per capital 
urban construction land in 2010 
 

direction of change, the regression coefficient of the 
urban population density has a similar trend with that of 
surface change to coupling degree. Both show a rising 
trend in the west and north and the influence coefficient 
of the urban population density is consistent with the 
variation tendency of the coupling degree, indicating 
that the degree of urban population concentration plays 
a major role in the transformation from low to high cou-
pling degree. The factor of per capita urban construction 
land appeared in 2010, and the spatial distribution of its 
influence coefficient is more in line with the actual 
situation in each city. 

4  Discussion  

We deeply examine the spatial pattern of coupling de-
gree using spatial autocorrelation analysis. Then the 
MLR and GWR models are fully utilized to study the 
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influencing factors of coupling evolution and its spatial 
differentiation. These methods combine to form an ef-
fective way to further study the coordinated develop-
ment of population, industry and land urbanization. Al-
though the coupling degree of population-industry-land 
urbanization in Jilin Province has gradually become co-
ordinated, the coupling level is still at a relatively low 
stage. Compared with the southern provinces, Jilin 
Province has a lower coupling degree. The coupling 
degree of the Yangtze River Basin region is more than 
0.7, while the Jilin province is less than 0.5 (Zhang et 
al., 2016). The above data shows that Jilin Province is 
facing a severe situation of coordinated and sustainable 
development. The Qinba Mountain Area also faces such 
problems (Zhu and Zhang, 2017). Similar to Jilin Prov-
ince, the Qinba Mountain Area is also an underdevel-
oped region. These studies show that we should pay 
attention to the coordinated development of population, 
industry, and land in underdeveloped regions. 

There are spatial differences in the level of coupling 
degree, and the coordination of urbanization in the cen-
tral region is higher than that in the western and eastern 
regions. The local spatial agglomeration state of the 
coupling degree is basically the same as the global 
change trend. The spatial pattern of the coupling degree 
shows the characteristics of ‘core – periphery’ and is 
similar to Chongqing’s (Li et al., 2015). By means of 
spatial autocorrelation analysis, we find that the high- 
value agglomeration areas are mainly distributed in the 
central part of Jilin Province, while the low-value ag-
glomeration areas are mainly distributed in the east and 
the west. To further prove that we need to pay more at-
tention to the issue of the population-industry-land ur-
banization coupling in underdeveloped areas, especially 
the underdeveloped counties in the east and west of Jilin 
Province. 

Factors that affect the degree of coupling are different 
at each stage. The concentration of the urban population 
is always the main factor for promoting the coupling 
pattern of population-industry-land urbanization in Jilin 
Province, and its degree of influence is gradually in-
creasing in terms of space. The influence of the urban 
administrative level gradually weakens until disappear-
ing. The effect of urban expansion efficiency is gradu-
ally highlighted, but experiences a process from unsta-
ble to stable spatially. There is a correlation between the 
spatial structure of the coupling degree and the influence 

coefficient of the spatial distribution of the urban popu-
lation density and per capita urban construction land, 
but there is a significant difference between them. There 
is a high-low correlation between the coupling degree 
spatial pattern and urban population density, while the 
relationship between the coupling degree spatial pattern 
and per capita urban construction land has undergone a 
transition from low-high correlation to high-low corre-
lation. Though the influence of per capita social con-
sumer goods emerges, and the positive high-value re-
gion of the influence coefficient coincidences with the 
hot spots of coupling degree. It also shows that the 
market consumption capacity still plays an important 
role in promoting the development of urbanization in 
high coupling degree areas. 

At the same time, using spatial analysis as a means 
for explaining the spatial changes in the impact of vari-
ous factors provides a reference for the exploration of 
local coupling level changes, which to a certain extent 
makes up for the lack of existing research on the spatial 
differentiation of the influencing factors, and provides a 
reference for future theoretical research in related fields. 
Moreover, the results also provide more targeted guid-
ance for urbanization transformation of the spatial units 
in Jilin Province, and thus have important practical sig-
nificance. 

Through our research, we find that the degree of cou-
pling is also higher in areas with higher levels of ur-
banization. Therefore, promoting regional economic 
development can promote the improvement of the cou-
pling level. Due to the geographical difference in Jilin 
Province, with saline-alkali land in the west and moun-
tains in the east, each area should adopt different devel-
opment strategies according to actual conditions. 

With the rapid advance of the process of urbanization 
in China, the factors influencing the popula-
tion-industry-land urbanization coupling have begun to 
diversify. The efficiency of urban expansion and urban 
population density have become the two main factors. 
However, there are significant differences in their influ-
ence locally. For regions such as the northwest, where 
urban agglomeration is low, it is more obvious to im-
prove population urbanization in order to promote coor-
dinated development. In the southeastern part with its 
low land urbanization level, especially in mountainous 
and forested areas, it is more effective to improve the 
level of land urbanization. 
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5  Conclusions 

(1) The coupling degree of population-industry-land 
urbanization in Jilin Province continued to grow, but 
still at a relatively low level. Jilin Province needs to 
formulate a more reasonable development strategy to 
promote the coordinated development of population, 
industry and land. 

(2) The results show that the coupling degree of 
population-industry-land urbanization in the areas with 
high level of economic development is higher. There-
fore, we should pay more attention to the economic de-
velopment of all regions, especially the less-developed 
regions. 

(3) Factors that affect the coupling degree of popula-
tion-industry-land urbanization are different at each 
stage in Jilin Province. The concentration of the urban 
population is always the main factor and its degree of 
influence is gradually increasing. The effect of urban 
expansion efficiency is gradually highlighted, while the 
urban administrative level gradually weakens until dis-
appearing. Therefore, we should pay attention to differ-
ent influencing factors in different periods so as to pro-
mote the sustained and coordinated development of 
population, industry and land. 

(4) Regional differences of factors affecting the cou-
pling development of population-industry-land urbani-
zation are also obvious. We should formulate different 
development strategies according to the characteristics 
of the region. Although we have conducted an in-depth 
discussion on the coupled development of popula-
tion-industry-land urbanization, there are still some 
shortcomings. Due to the difficulty of data acquisition, 
we can not get more data to further interpret the factors 
that affect the development of population-industry-land 
urbanization. 

Our research proves that different regions need to 
formulate different development strategies to promote 
the coordinated development of population-industry- 
land urbanization. The coupling level of popula-
tion-industry- land urbanization of the central region of 
Jilin Province will be further improved. Therefore, the 
central region needs to focus on strengthening regional 
innovation and promote the formation of a core area of 
innovation transformation. The conflict between eco-
nomic, social development and environmental protec-
tion in the western region will continue to exist. It is 

necessary to accelerate the development of the ecologi-
cal economy in the western region. As for the moun-
tains, forests, and other ecological areas, the coupling 
development of population-industry-land urbanization is 
not optimistic. The eastern region needs to further up-
grade its industrial structure and strengthen the devel-
opment of eco-urbanization and the cultivation of a new 
impetus for regional development. 
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