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Abstract: To promote regional sustainable urbanization strategies, this paper selected the population
and land resources in the urbanization system, and used the time series-based econometric analysis
method and the coordinated development degree model to empirically study the interactive
relationship between population urbanization (PU) and land urbanization (LU) in Chongqing,
China, from 1998 to 2016. The research results showed that: (1) The development of urbanization
in Chongqing was relatively rapid, but the level of development was relatively insufficient.
The phenomenon of population outflow during urban development was more serious, and the
structure of land use irrational; (2) There was a long-term cointegration relationship between PU
and LU; PU is the Granger cause of LU. A PU increase of 1% in the short-term will promote LU by
3.29%, and in the long-term will promote 2.28%; the contribution of population agglomeration to
urbanization is more than 80%, while land expansion is only about 20%, and the urban development
model, which relies on urban land expansion is not applicable; (3) LU was faster than PU, but the
improvement of PU development’s quality level was greater than that of LU. The development
quality of both systems increased year by year, and gradually developed into a coordinated state. It is
recommended that the government strengthen land planning, delineate urban growth boundaries,
and increase the level of land intensive use; furthermore, through the reformation of the land finance
and the household registration systems, a system for linking population, finance, and construction
land should be established to promote the coordinated development of the two systems.

Keywords: sustainable urbanization; population; land; interaction; econometrics; coordination
development degree model; Chongqing

1. Introduction

Urbanization has received increasing attention from governments worldwide, as it is a crucial
prerequisite to global economic development, the eradication of extreme poverty, reversal of
unsustainable growth, and protection of the natural environment [1–5]. Since the reform and opening
up, along with an acceleration in the process of industrialization, China’s urbanization has experienced
a low and rapid development process. By the end of 2016, the permanent population in urban areas
increased from 170 million in 1978 to 790 million, and the urbanization rate increased from 17.9% to
57.4%—an average annual increase of 1.04%; the number of cities increased from 193 to 659, and the
number of established towns increased from 2173 to 20,883 [6]. According to Northam’s three-stage
theory of urbanization [7], China is currently in a stage of rapid urbanization [8]. The development of
urbanization is the result of the flow and agglomeration of factors, of which the flow of population
is the core [9]. A large number of rural populations have flowed into the cities, which has brought
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sufficient labor for the industrialization of the city, and also increased the burden on urban construction
land. The problem of extensive land use and low efficiency in the current urbanization drive in China
is prominent [10], and the contradiction between the growing demand for construction land and the
scarcity of land resources will be the main contradiction to constrain the sustainable development of
cities in the future [11]. If the new era is to achieve a steady improvement in the level and quality of
urbanization in China, which is a more optimized urbanization pattern [12], and promote a win–win
situation of urbanization and sustainability [13], then a comprehensive and profound understanding of
the interactive development relationship between population urbanization (PU) and land urbanization
(LU) is needed.

Focusing on sustainable urbanization, scholars at home and abroad have undertaken much
research. In the area of PU, research has mainly been focused on the driving factors of
urbanization [14–16], the mode of development [17,18], the difference of spatial distribution [19,20],
and the influence of rapid urbanization on the environment [21–23]. In the area of LU, it has
mainly been focused on the study of the urban spatial expansion mechanism, including the
driving factors of urban expansion [24–26], the type of expansion [27,28], measurements, and policy
regulation [29–31], etc. For example, Li et al. [32] constructed binary logistic regression and combined
multitemporal images to study the drivers of urban expansion, where their studies showed that
physical, socioeconomic, and neighborhood factors worked simultaneously, and that physical and
neighborhood factors decreased with increasing urbanization, and socioeconomic factors increased
with increasing urbanization. In addition, the influence of LU, which is the main form of urban sprawl
on land ecological function and environment [33,34], on land use [35–37] has also been widely studied
by scholars. Therefore, the concept of sustainable urbanization [4,5,38–40] has been put forward,
and study into the relationship between PU and LU has become the focus of academia.

With regard to the study on PU and LU, scholars at home and abroad have mainly focused on the
development coordination between PU and LU. In the comparison of the development speed [41–44]
and the evaluation of coordination [45,46], remote sensing images, geographic information system
technology, and coupled coordination analysis have been widely used in the research methods. For
example, Min and Hu built a coordination degree model to evaluate the relationship between PU
and LU in Hubei Province from 1998 to 2008, where the results showed that the development of
population–land integration in Hubei Province was poor, and the degree of coordination showed a
downward trend with significant fluctuation characteristics [46]. Lin et al. used the data of 656 cities in
China for the past ten years to construct the conceptual framework and calculation method for the
number and speed of LU processes, and the results showed that LU was faster than PU [43]. This was
consistent with the conclusions reported in the National New Urbanization Plan (2014–2020) [12],
released by the State Council Development and Reform Commission.

To sum up, the research progress of PU and LU in comprehensive development, domestic and
foreign scholars have achieved fruitful results, but the existing research content is still insufficient.
This is mainly reflected in the research on the interactive development relationship between PU and
LU. The two systems play a common role in promoting sustainable urbanization, and the interaction
between them will have an effect of 1 + 1 > 2. The study of both should be carried out in a higher system
dimension. We should not only pay attention to the speed and coordination of the development of the
system, but also explore the mutual influence mechanism and the cause of the imbalance. Furthermore,
the existing research has mainly focused on the whole national level, less at the provincial level,
especially the provinces or cities in Western China.

Chongqing is located in Southwest China (Figure 1), and is the youngest municipality in China.
As a typical mountain city, the mountainous area of Chongqing’s main urban area is 2250 km2,
accounting for 41.09%; the hilly area is 2739 km2, accounting for 50.03%; flatland area is 368 km2,
accounting for only 6.7%. Furthermore, under the rigid constraints of the country’s three basic systems
(land in the cities is owned by the state and land in the rural area is owned by rural collective; land-use
regulation system; land annual planning system), Chongqing’s construction land and agricultural land
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are particularly valuable. Based on the phenomenon of the prominent characteristics of urban–rural
dual structure and the coexistence of “big cities and large rural areas”, the state set up the pilot area
of integrated urban and rural comprehensive reform in 2007, and actively supported the special
reform in Chongqing. With an important strategic position, Chongqing has gradually emerged
as a distinctive “Chongqing model” under the backdrop of more people and less land. In terms
of land use, the “Land Ticket Model” (2008) was adopted to reclamation idle construction land
in rural areas into arable land and generated land indicators for urban construction [47]. As of
May 2016, 118 km2 of land has been traded since the implementation of the “Land Ticket System”,
which increased the supply of land to Chongqing by 14% each year, fundamentally solving the
problem of insufficient urban construction land. In order to promote PU, Chongqing has given
priority to the reform of household registration (2010) and gradually relaxed the restriction of rural
population to settle in cities. Based on the difference of regional economic development level, resource
endowment, and population carrying capacity, Chongqing divided the city into urban functional
core area, urban functional expansion area, urban development new zone, northeast Chongqing
ecological conservation development zone, southeast Chongqing ecological protection development
area, five functional areas in 2013, for differential development of various functional areas to promote
the development and construction of Chongqing metropolitan area. The unique development model
promoted rapid economic growth in Chongqing. From 2002 onwards, Chongqing’s GDP growth
has remained above 10%. The urban development model of Chongqing has aroused the attention of
more and more scholars [48,49]. This paper used Chongqing as an example to analyze the interaction
between PU and LU on the basis of analyzing the progress of urbanization, since its direct jurisdiction.
It further analyzed and evaluated the interactive relationship between the two from the aspects of
development speed and quality coordination. Corresponding policy suggestions were put forward for
the coordinated development of population and land in the process of the sustainable urbanization
of Chongqing.

Figure 1. Location of Chongqing in China. Data sources: National Mapping and Geographic
Information Bureau Standard Map Service official website.
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The rest of the paper is organized as follows. Section 2 is the definition of the basic concept and the
construction of the theoretical model of the PU and LU interactive relationship. Section 3 introduces
the present situation of the research area first, then introduces the research methods, variable selection,
and the data sources of empirical research. Section 4 shows the results of the time series econometric
model and interactive state evaluation; and Section 5 is the discussion and analysis of the research
results. Section 6 introduces the research conclusions of this paper, puts forward the corresponding
policy suggestion, and points out the next challenge and the brief thought of further research.

2. Concept Definition and Theoretical Model Construction

2.1. Concept Definition

Population urbanization (PU): PU is the process that rural people gather in cities and live, work,
and integrate in cities. In terms of quantity, it shows that the proportion of urban population is rising,
which is expressed as an urbanization rate [50]; while in terms of quality, it shows the changes in the
structure of the population’s employment, and the process of improving the population quality and
living standards [51].

Land urbanization (LU): LU is the transformation of rural construction land and agricultural land
into urban construction land in the process of urbanization [52]. In terms of quantity, it refers mainly
to the expansion of urban space scale, which is represented by the urban built-up area [53]; while in
terms of quality, it covers more intensive land use, higher levels of land input, increased output [54,55],
and continued use of land.

2.2. Theoretical Model Construction

Population and land are the two subsystems of urbanization. Urbanization development is the
result of the coordination and exchange of material energy between and within the various subsystems.
From a quantitative perspective, the role of LU in promoting PU is mainly through two approaches.
First, the city expands to the periphery around the urban area to increase the construction land.
Specific methods include setting up development zones [56], redrawing or reorganizing administrative
boundaries to expand urban boundaries [57]; second, the original rural settlements continue to expand
into towns [58]. Through these two approaches, the nature of the land changes from rural collective
land to urban construction land. The original villagers on the corresponding land also transform from
the rural residents into urban residents. The PU’s effect on LU mainly reflects the rapid industrialization
accompanied by the rapid growth of urban population [59]; when the scale of the existing land in the
city makes it difficult to meet its bearing capacity, the city expands on the periphery to obtain land for
urban development [60].

From the perspective of quality, changes in the structure and level of land use would result in
the loss of traditional livelihoods of indigenous farmers [60], which may change the structure of the
population’s employment. The level of land input and output reflects the value of the city to a certain
extent, which will indirectly affect the urban population size and population structure. In turn, due
to the growth of the urban population, the increased demand for new people in terms of living and
production has put forward new requirements for the use and scale of urban land [61,62]. This requires
the use of land to increase the level of intensive use of all types of land to accommodate more urban
population, making urban land use more reasonable [51,52]. The differences in population structure
and living standards also make people have differences in the level of land input, output, and land
use structure.

In a word, PU and LU are closely related. The research of the interaction between the two is not
only from the quantitative point of view, but also from the perspective of quality in the context of
sustainable urbanization. Only the coordinated development of the two can promote the sustainable
development of urban economy, society and environment, and then promote the level of urbanization.
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3. Methodology

3.1. Current Situation of the Study Area

3.1.1. The Current Situation of PU

With the increase of the total population in Chongqing, its PU has also rapidly advanced (Figure 2).
The urbanization rate of the resident population increased from 32.6% at the start of the municipality to
62.6% in 2016, an increase of 30%. Meanwhile, the urbanization rate of the whole country increased by
27%. Judging from the trend of urbanization rate, the growth rate of urbanization in the early period of
the municipality directly under the Central Government was relatively large. It was relatively stable in
the later period, and the growth rate of urbanization slowed down. According to Northam’s three-stage
theory of urbanization development [7], Chongqing is currently in a period of rapid urbanization.

Figure 2. Population urbanization in Chongqing. Data sources: China Statistical Yearbook and
Chongqing Statistical Yearbook (1999–2017). Note: the bar chart shows the urbanization rate, while the
line chart shows the growth rate.

In the process of rapid PU, Chongqing also embodies the following distinctive features: (1) From
the level of urbanization, the urbanization rate of the Chongqing resident population was 62.6% in
2016, while the population of household registration was only 47.62%. When horizontally compared
to other municipalities, the urbanization rate of Tianjin’s permanent population was 82.93%, while in
Beijing, it was 86.5%, and 87.9% in Shanghai, which showed that the level of urbanization in Chongqing
was relatively low; (2) Since Chongqing municipality was directly under the Central Government,
the number of household registrations in each calendar year has become greater than the permanent
population, and the population outflow was greater than the population inflow, but the outflow of
population had a decreasing trend; (3) Judging by the employment structure, Chongqing still shows
that the proportion of employment in the primary industry is too large, and that the secondary and
tertiary industries do not adequately absorb the labor force. This is also the main reason for restricting
the PU of Chongqing.

3.1.2. The Current Situation of LU

The rapid development of the Chongqing economy has led to the demand of land resources and
the change of urban space during the research period. The urban built-up area has rapidly increased
from 406.89 km2 in 1998 to 1494.47 km2 in 2016, which is an increase of 2.67 times in 19 years. While the
area of urban built-up areas has increased, the land use efficiency has also gradually increased. In 1998,
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the GDP per unit area of output was 393.81 yuan/m2, which increased to 1174.85 yuan/m2 in 2016
(Figure 3).

Figure 3. Land urbanization in Chongqing. Data sources: Chongqing Statistical Yearbook (1999–2017).

While the area of urban built-up areas has expanded, the structure of land use in Chongqing
has also changed. In 2016, residential land accounted for the largest proportion, accounting for 32%,
followed by industrial land (20%), while land for public management and facility use and commercial
service facilities was obviously insufficient. This also reflects the fact that Chongqing has played a
major role in the process of urbanization in secondary industries. The development of secondary
industries took up a large amount of cultivated land and promoted the expansion of urban construction
land; at the same time as land expansion, there was still the problem of secondary utilization, which
accelerated the process of urbanization to some extent.

3.2. Methods

To empirically test the interactive development relationship between Chongqing’s PU and LU
and to evaluate the interaction between the two, first, the time series econometric model was used to
analyze the relationship between land use and population development in the short- and long-term,
and the influence degree. The methods included cointegration analysis, error correction model (ECM),
the Granger causality test, and impulse response function and variance decomposition based on the
vector autoregression model (VAR). The above methods are often used in macroeconomic analysis to
examine the relationship between variables. Its limitation is only from the time dimension, but ignores
the effect of space factor.

Second, to evaluate the interaction between PU and LU, this paper used the deviation coefficient
method to evaluate the development speed coordination of the two. The indicator system was further
constructed, and the entropy weight method was used to evaluate the quality of the two, while the
coordination development degree model was used to evaluate the coordination of the development
between the PU system and the LU system during the research period (Figure 4).
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Figure 4. Research technical route.

3.2.1. Time Series Econometric Model

• Cointegration analysis

The cointegration test determines whether there is a long-term stable equilibrium relationship
between two variables. The main definition is as follows: if time series Y1t, Y2t, · · · , Ynt are all d-order,
i.e., I(d), vector ∂ = (∂1, ∂2, · · · , ∂n) makes ∂Y′t ∼ I(d − b), of which d ≥ b ≥ 0. The sequence
Y1t, Y2t, · · · , Ynt is called the (d, b)-order cointegration, recorded as Yt ∼ CI(d, b), of which ∂ is the
co-integer vector. The tests of cointegration mainly include the Engle–Granger (E–G) [63] two-step
cointegration test and the Johansen [64] cointegration test. Among them, the Johansen test is applicable
to the inspection of more than two time series. Therefore, this paper adopted the E–G two-step method
to test the cointegration relationship.

• Error correction model (ECM)

The error correction model [65] is mainly used to study the short-term dynamic relationship
between non-stationary time series with a cointegration relationship.

∆Yt = β1∆Xt − λ · ecmt−1 + µt t = 1, 2, · · · , T (1)

where ecmt−1 is the error correction term reflecting the short-term equilibrium relationship between
variables, and the coefficient λ reflects the speed at which the variables are adjusted to the equilibrium
state when they deviate from the long-term equilibrium. From this, we can see that the short-term
variation of the variable ∆Yt is affected by two aspects: one is the short-term effect of the independent
variable, the other is affected by the error correction ecmt−1, that is, the influence of the variable
deviating from its long-term equilibrium relationship in the short-term fluctuation. In the realization
of the model, this paper used the direct estimation method.

• Granger causality test

The Granger causality test can be used to determine whether there is a causal relationship between
economic variables and the direction of influence. Here, the causal relationship was not the traditional
logical sense of causality, but the order of variables. The Granger causality test was to verify that
the lag variables of a variable were affected by the lag of other variables, and if they were affected,
they had a Granger causal relationship.
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• Vector autoregression model (VAR)

The vector autoregression model, referred to as the VAR model, was proposed by Sims [66] in
1980. The VAR model does not have any constraints. It returns the variables of the current variable
and the variable, and then estimates the dynamic relationship between the variables. In addition,
the model does not impose zero constraints on the parameters. Compared with the simultaneous
equation model, the VAR model does not include any current variables in the explanatory variables.
The mathematical expression of the VAR(p) model is as follows:

yt = Φ1yt−1 + · · ·+ Φpyt−p + Hxt + εt t = 1, 2, · · · , T, (2)

where yt represents the k-dimensional endogenous variable, xt represents an exogenous variable,
p represents the lag order, and T represents the number of samples. k × k dimensional matrix
Φ1, · · · , Φp and k × d dimensional matrix H are the coefficient matrices to be estimated. εt is a
k-dimensional perturbation column vector that can be correlated with others for the same period, but
is not related to its own lag value, and is not related to the variable to the right of the equation.

• Impulse response function and variance decomposition

The impulse response function is a measure of the response and duration of a variable when a new
information impact is derived from the random error term of each equation. It is mainly used to analyze
the impact of endogenous variables on other variables. Assuming that the random error term of a
certain equation changes in the t phase and then restores calm, then the impulse response measurement
represents the response of the variable to the shock when each (t, t + 1, t + 2, · · · ) is interpreted.

Variance decomposition is used to analyze the contribution of each structural impact to the
variation of endogenous variables. Based on this, the relative importance of innovations to endogenous
variables is judged. The main idea of variance decomposition is to decompose the fluctuation (k-step
prediction mean square error) of each endogenous variable (a total of m) in the system into m
components, associated with the innovation of each equation.

3.2.2. Interaction Status Evaluation

• Deviation coefficient method

The coordinating relationship between PU and LU refers to maintaining a fitting relationship
between urban population growth and urban space growth. This paper used the coefficient of
dispersion Cv to measure the deviation between the two systems. The expression of the coefficient of
dispersion Cv is

Cv =
S
X

, (3)

where S is the standard deviation, and X is the average of X. The above formula can also be expressed as

Cv =

√
1
2

[(
p− p+l

2

)2
+
(

L− p+l
2

)2
]

∣∣∣ p+l
2

∣∣∣ =

∣∣∣∣ p− l
p + l

∣∣∣∣, (4)

where p denotes the growth rate of the urban population, and l denotes the growth rate of the urban
built-up area.
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The coefficient of variance represents the degree of difference between the two variables.
The smaller the value, the more consistent the rate of development, and the opposite for the imbalance
between the two. Based on existing research [67], the coordination level of urban population–land
urbanization was divided into the following categories (Table 1):

Table 1. Urban population–land urbanization grade classification.

Coordination
Degree

Extremely
Imbalanced

Serious
Imbalance

Highly
Imbalanced

Moderately
Imbalanced

Mild
Coordination Coordinated

Sc. (1,+∞) (0.8–1) (0.6–0.8) (0.4–0.6) (0.2–0.4) (0–0.2)

• Coordinated development degree model

Coordinated development is the phenomenon where the systems promote each other and are
enhanced together in the process of development. Drawing on the research of relevant scholars [45,68]
a coordinated development degree model was used to measure the coupling of land–population
urbanization systems.

Development index model: based on the evaluation of population–earth urbanization in the
previous section, the population and land urbanization quality index was determined.

Quality Index of PU: f (x) = ∑ wixit, (5)

Quality Index of LU: g(y) = ∑ wiyit, (6)

where wi is the weight coefficient of the index, which is determined using the entropy weight method.
It mainly uses entropy to calculate the weight of the index according to the degree of variation of each
index value to obtain a more objective evaluation result. The main process is:

(1) Calculate the proportion of the index value of the i-th item under the j-th index pij = rij

/
m
∑

i=1
rij ;

(2) Calculate the entropy of the j-th indicator eij = −k
m
∑

i=1
pij · ln pij, of which k = 1/ln m;

(3) Calculate weights wj = (1− eij)

/
m
∑

j=1
(1− eij) .

The coordination degree of urbanization quality and the quality of LU is

C =

{
f (x) · g(y)

/[
f (x) + g(y)

2

]2
}k

, (7)

where k is the adjusting coefficient. As this paper mainly studied the coordinated development
between the two systems of PU and LU, here k = 2, 0 ≤ C ≤ 1, of which, the closer the C is to 1, the
greater the coordination between the two.

The coordination between the two can only reflect the coordination of the two systems, but cannot
represent the development of the two systems, as it is possible that both systems are of low-level
coordination, and cannot be identified by the coordination degree model. In this paper, the coordinated
development degree model was introduced to characterize whether the two systems were in an
advanced coordination state or low-level coordination state.

Coordinated development degree model: D =
√

CT . . . T = α f (x) + βg(y), (8)

where T is the degree of development, and represents the comprehensive index of the development of
the two systems in the process of urbanization. D is the degree of coordinated development, and α and
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β are weight coefficients. This paper considered that PU was as important as the LU system, so was set
at 0.5 here.

In addition, to characterize the changing trend of the coordinated development of the two systems,
the coordinated development situation was introduced to the following expression:

L = D(T + 1)/D(T). (9)

If L > 1, then this indicated that the degree of coordinated development of the system is increased,
and vice versa. This paper referred to the evaluation criteria [69] described by Li et al. for coordinated
development, and classified the coordinated development types into three types of ten intervals,
as shown in the following table (Table 2).

Table 2. The quality of population urbanization (PU) and land urbanization (LU) quality coordinated
development evaluation criteria.

Coordination Interval Coordinated Development
Degree

Type of Coordination
Development

Disorderly recession interval

0.00–0.09 Extremely imbalanced
0.10–0.19 Serious imbalance
0.20–0.29 Moderately imbalanced
0.30–0.39 Mild coordination

Transitional harmonic interval
0.40–0.49 Endangered disorders
0.50–0.59 Barely coordinated

Coordinated development interval

0.60–0.69 Primary coordination
0.70–0.79 Moderate coordination
0.80–0.89 Good coordination
0.90–0.99 High-quality coordination

Comment: According to the comparison of the PU quality index f (x) and the LU quality index g(x) the following
was further divided: When f (x) > g(x) it was a land lag type; when f (x) = g(x) it was a synchronous development
type; when f (x) < g(x) it was a population lag type.

3.3. Variable Collection

3.3.1. Variables Selection in the Test of Interactive Relationship

In measuring the process of PU, there are currently two main methods: (1) to proceed from
the connotation of PU, that is, from the perspective of population capacity, quality, employment
structure, and quality of life, construct a comprehensive evaluation index system to measure PU;
and (2) to select a single indicator such as the urbanization rate. The urbanization rate was divided
into the urbanization rate of the permanent population, and the urbanization rate of the registered
population [12]. Due to the mobility of the household registration population, this paper selected the
urbanization rate of the permanent population, which objectively reflected the process and aggregation
of the population into the city. In the process of LU, there are two main types of measurement methods:
one is to use the construction land area to express, and the other is to use the built-up area to express.
Urban construction land area places more emphasis on the artificial planning control attribute, and the
urban built-up area emphasizes the already built area. This paper believed that using the built-up area
to express was more in line with the connotation of LU.

3.3.2. Variable Selection for Interaction Status Evaluation

When selecting the index system of PU and LU, it is required that it fully reflects the current
status of both, and it must be able to reflect the connotation of both. According to the principles of
systematicness, representativeness, maneuverability, and dynamics, this paper, based on the analysis
and summary of the existing research [51,58,70], given the availability of data, chose six indicators to
measure the urbanization level of population from three aspects: population composition, population
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quality, and urban living standard. From the four aspects of land input intensity, land use degree, land
output effect, and land sustainable use status, 11 indicators were selected to measure the quality of LU,
and finally, an evaluation index of the population–land urbanization quality coordinated development
system is constructed (Table 3).

Table 3. Population–land urbanization evaluation system.

System Evaluation Factor Evaluation Indicator Evaluation Unit Index Weights

PU quality

Population
composition

Urbanization rate % 0.137

Secondary and tertiary industry
workers’ proportion % 0.158

Population quality Regular institutions of higher
education per 10,000 persons

person/10,000
person 0.159

Living standard

Engel’s Coefficient % 0.076

Per capita annual disposable income yuan/person 0.244

Per capita annual living expenditure
for consumption yuan/person 0.226

LU quality

Land input level

Per land investment in fixed assets yuan/m2 0.093

Area of paved roads per capita m2/person 0.054

Number of employed persons
per land person/m2 0.119

Inner expenditure of R&D funds
per land yuan/m2 0.094

Land utilization level
Population density person/km2 0.087

Land for urban construction
per capita m2/person 0.072

Land output level

Per capita GDP yuan/m2 0.111

Total retail sales of consumer goods
per land yuan/m2 0.104

Per land government revenue yuan/m2 0.101

Level of land
sustainable utilization

Per capita green covered area m2/person 0.084

Percentage of greenery % 0.080

3.4. Data Sources

The empirical data in this paper came from the “Chongqing Statistical Yearbook” (1999–2017).
The average land use index was calculated based on the land area of the urban built-up area. In order
to eliminate heteroskedasticity, the original data of the built-up area and urbanization rate were taken
as natural logarithms, and further differentials were used to express the growth rate, which could
better represent the speed of urbanization (for raw data, see Appendix A). Taking into consideration
that price changes impact on GDP values during the study period, this study utilized the comparable
values of GDP and total investment in fixed assets in the data collection. In order to eliminate the
dimension of the data, we first standardized the data.

4. Results

4.1. Time Series Econometric Model Results

4.1.1. Outputs of Stability Test

Before analyzing the interactive relationship between Chongqing’s PU development and LU,
we needed to test the stability of the data, that is, determine whether there were unit roots, and the
phenomenon of the erratic regression of unstable data will affect the evaluation of the later period. This
paper used the Augmented Dickey-Fuller (ADF) method to test the stability of the data. The relevant
test results are shown in Table 4. From the test results, the urbanization development (ln URBAN)
and land expansion (ln LAND) test values failed to pass the 5% significance test, indicating that
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both ln URBAN and ln LAND were non-stationary data; based on this, the first-order difference
was performed, and then the ADF test was performed. The results showed that the ln URBAN and
ln URBAN values after the first-order difference were all less than the critical value of 5% of the
significant level, indicating that the data after the first-order difference were stable. Therefore, at the
5% level of significance, ln URBAN and ln URBAN were all first order monosequences.

Table 4. Results of unit root test.

Variable ADF Test Values Test Type p-Value Verdict

lnURBAN −0.970504 (C,T,2) 0.2174 Instability
∆URBAN −4.851012 (C,T,1) 0.0073 Stability
lnLAND −0.970504 (C,T,1) 0.9232 Instability

∆lnLAND −3.595641 (C,0,1) 0.0177 Stability

Comment: ∆ indicates the first-order difference; (C,T,K) indicates whether the test equation includes a constant
term, a time trend term, and a lag period, where the determination of the lag period is based on the comprehensive
determination of Akaike information criterion (AIC) and Schwarz criterion (SC) criteria.

4.1.2. Outputs of Cointegration Test

Although both PU and LU indicators are a non-stationary time series, their first-order differentials
were followed by stationary sequences. According to the cointegration theory [63], if two or more time
series were monotonous in the same order, there may be a long-term equilibrium relationship between
them, that is, there was a cointegration relationship. The E–G two-step method was used to examine
the cointegration relationship between PU and LU. First, the following equation was obtained using
the Ordinary Least Square (OLS) estimation:

ln LAND = −2.0393 + 2.2769 ln URBAN
(−8.2996) (35.7565)

R2 = 0.9868 DW = 1.056 F = 1278.527
. (10)

Next, an ADF unit root test was performed on the residual ε of the above regression equation to
determine whether ε was a stationary sequence.

Equation (12) shows that the long-term urbanization level of the population will promote the
level of LU, and an increase of the PU level of 1% will cause a land expansion of 2.28%. The ADF
unit root test results (Table 5) showed that the residual sequence was a stationary sequence with
no constant term and time trend, denoted as ε̂ ∼ I(0). Moreover, the ADF value of the residual
term of the equation was less than the critical value of the significant level 0.01, so there was a
long-term cointegration relationship between PU and LU, which could further establish the short-term
development relationship between the variables with the error correction model.

Table 5. ADF test for residual series.

Variable ADF Test Values Test Type p-Value Verdict

ε −4.326720 (0,0,1) 0.0042 Stability

4.1.3. Outputs of Error Correction Model

By using the general least squares method (OLS) to estimate the parameters of the error correction
model, the following regression equations were obtained:
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∆ ln LANDt = −1.7853 + 3.2862∆ ln URBANt − 0.656 ln LANDt−1

+1.5988 ln URBANt−1

t = (−3.12) (1.92) (−2.98) (3.20)
R2 = 0.55 F = 5.81 Log likelihood = 32.17

LM(1) = 0.2083 LM(2) = 2.5158.

(11)

Equation (13) can also be expressed as

∆ ln LANDt = 3.2862∆ ln URBANt − 0.656(ln LANDt−1 + 2.7215
−2.4372 ln URBANt−1).

(12)

The part in the bracket of Equation (14) was the error correction term, which could be further
expressed as

∆ ln LANDt = 3.2862∆ ln URBANt − 0.656ecmt−1. (13)

The coefficient of the right variable of the equation showed the short-term elasticity between PU
and LU, that is, if the urbanization increased by 1%, the urban expansion would be 3.2862% in the
short-term, and the elasticity coefficient in the short-term was greater than the long-term elasticity
coefficient. The error correction coefficient in the regression equation was not zero, which shows that
in order to maintain the long-term equilibrium relationship between PU and urban land expansion,
the unbalanced state between land use and urbanization in the previous period would be adjusted
by 65.6% (the error correction coefficient was negative, and consistent with the reverse correction
mechanism), and pulled back into a long, balanced state.

4.1.4. Outputs of Granger Causality Analysis

As the Granger causality test depends on the length of the lag period in the test regression model,
this paper selected the lag phase of 1–3 periods. The test results are shown in Table 6.

Table 6. Granger test results with multiple delay lengths.

Lag Intervals for
Endogenous Null Hypothesis F-Statistic p-Value Verdict

1
lnLAND does not Granger cause lnURBAN 0.82334 0.3786 Accept
lnURBAN does not Granger cause lnLAND 9.54607 0.0075 Reject

2
lnLAND does not Granger cause lnURBAN 0.64972 0.5396 Accept
lnURBAN does not Granger cause lnLAND 4.21770 0.0410 Reject

3
lnLAND does not Granger cause lnURBAN 0.72075 0.5644 Reject
lnURBAN does not Granger cause lnLAND 2.07161 0.1744 Reject

According to the Granger causality test results shown in Table 6, there was a one-way Granger
causality between urban land expansion and PU. In the 1–2 period of the lag period, the second
hypothesis rejected the original hypothesis at the level of 5% significance, that is, the development of
PU was the Granger cause of LU. LU is not a Granger cause of PU during the period of 1–3 lags, which
showed that the PU in the process of urbanization in Chongqing promoted the urbanization of land by
the demand for construction land and urban space. However, the urbanization development of land is
not the main reason of population agglomeration.

4.1.5. Outputs of the VAR Model

Before examining the impulse response function and variance decomposition, we had to first
establish a VAR model of two variables. According to AIS, SC, and Hannan-Quinn (HQ) rules, and
considering the degree of freedom, a lagging third-order VAR model of population-land urbanization
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was established. The overall model test results (Table 7) showed that the model fit ideally. The unit
root test of the VAR model showed that the VAR model was stable (Figure 5).[

ln LAND
ln URBAN

]
t

=

[
0.18 4.13
0.02 1.19

][
ln LAND

ln URBAN

]
t−1

+

[
−1.13 − 4.60
0.05 − 1.04

][
ln LAND

ln URBAN

]
t−2[

−0.002 2.61
−0.013 0.65

][
ln LAND

ln URBAN

]
t−3

+

[
−1.75
0.47

] (14)

Table 7. Results of integer test on vector autoregression model.

Estimator Value

Determinant resid covariance (dof adj.) 6.19 × 10−8

Determinant resid covariance 1.96 × 10−8

Log likelihood 96.58378
Akaike information criterion (AIC) −10.32297

Schwarz criterion (SC) −9.646957

Figure 5. Inverse roots of AR characteristic polynomial.

4.1.6. Outputs of Impulse Response Function

Using the Cholesky DOF-decomposed decomposition method [71], the number of tracking periods
was selected as 10, and the following impulse response graph was generated (Figure 6). In the figure,
the horizontal axis indicates the number of periods, the vertical axis indicates the magnitude of the
impulse response function, and the orange broken line indicates the standard deviation band (±2 SE)
of plus or minus two times.
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Figure 6. The impulse response of PU and LU. (a) Response of lnLand to lnLand; (b) Response of lnLand
to lnUrban; (c) Response of lnUrban to lnLand; (d) Response of lnUrban to lnUrban.

The urbanization of land showed a sustained positive impact on the expansion of land. It quickly
reached its peak in the first period. The 2–3 periods continued to decline, reaching a trough in the third
period, then showing slight positive fluctuations. When it was hit by the PU, LU lagged behind by one
period, then quickly responded, peaking in the second period. Afterwards, it was in a weakened state
until the fourth period, and reached the bottom in the fourth period, showing a negative response.
Since then, it slightly increased, and has remained stable from the positive direction. After the impact
of land expansion, PU continued to respond positively with a peak in the third period, followed by
fluctuations around 0.002. PU also showed a continuous positive response after being impacted by
itself. The response intensity of the previous period was greater than the impact of land expansion.
The response for the first phase was 0.0045, the second phase reached a peak of 0.0054, and so on,
thereafter until the fourth phase was weakened. The fourth phase reached a trough of 0.0008, and
thereafter, fluctuated around 0.002. However, when compared to the LU, the response of the PU to
impulses was very weak.

4.1.7. Outputs of Variance Decomposition

The study conducted a 10-period variance decomposition on ln URBAN and ln LAND, and the
results are shown in Table 8. Column SE in the table is the standard error of prediction for the
two variables. The data in ln URBAN and ln LAND represent the contribution of the innovation
of equations with ln URBAN and ln LAND as the dependent variables for the standard error of
prediction in each period, respectively, and the sum of the two values for each row was 100.
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Table 8. Results of variance decomposition of lnLAND and lnURBAN (%).

Period
Variance Decomposition of lnLAND Variance Decomposition of lnURBAN

SE lnLAND lnURBAN SE lnLAND lnURBAN

1 0.054805657 84.31903849 15.68096151 0.004943132 0 100
2 0.060695402 71.07210786 28.92789214 0.008071201 1.473396698 98.5266033
3 0.060902008 70.60337116 29.39662884 0.009644041 15.12593667 84.87406333
4 0.061617516 71.11386987 28.88613013 0.010336304 21.77644701 78.22355299
5 0.061959534 70.33134586 29.66865414 0.010650421 20.74617369 79.25382631
6 0.063207981 67.88898429 32.11101571 0.011121858 19.06960095 80.93039905
7 0.064056336 66.93059354 33.06940646 0.011659932 19.06083884 80.93916116
8 0.064748308 67.06295356 32.93704644 0.012110251 20.0233233 79.9766767
9 0.06495072 66.74108731 33.25891269 0.012396415 20.12929762 79.87070238

10 0.065198492 66.23494939 33.76505061 0.012625424 19.89093311 80.10906689

Cholesky Ordering: lnURBAN lnLAND.

According to Table 8, the variance of LU can be explained by 84.32% of the first phase of land
expansion, and 15.68% by PU. In the second period, the explanatory power of land expansion rapidly
decreased by 13.3%, while the urbanization of the population increased. Subsequently, the impact of
land expansion gradually weakened to 67%, and the impact of PU stabilized at 33%. The variance of PU
was only affected by the urbanization rate in the first period, and then the impact of the urbanization
rate quickly weakened and eventually stabilized at around 80%. Among them, the most drastic
changes were 2–4 periods. During this period, the impact of land expansion increased by 20%. Since
then, it has at stabilized around 20%.

4.2. Outputs of Interactive Status Evaluation

Based on the above research on the interaction between PU and LU, this section separately
measured the speed and quality of the two systems in terms of coordination and continuous interactive
development and analyzed the state of interaction between the two.

4.2.1. Coordination Situation of the Development Speed between PU and LU

The coordinated nature of population–land urbanization development speed is that the
relationship between the speed of PU and the speed of LU maintains dynamic and balanced growth.
That is, the speed of population agglomeration coincides with the speed of accumulation of capital
elements attached to the land. This paper adopted the urban population growth rate and built-up
area growth rate to measure the relationship between PU and LU development, and the degree of
coordination (Table 9).

Table 9. Coordinated evaluation of population and land development in Chongqing city.

Year Urban
Population

Growth
Rate (%)

Build-Up
Area

Growth
Rate (%)

Coefficient of
Dispersion

Type of
Coordination
Development

1998 935.86 5.07 406.89 4.37 0.07 A
1999 981.11 4.84 419.04 2.99 0.24 B
2000 1013.88 3.34 426.74 1.84 0.29 B
2001 1058.12 4.36 452.03 5.93 0.15 B
2002 1123.12 6.14 559.89 23.86 0.59 C
2003 1174.55 4.58 654.95 16.98 0.58 C
2004 1215.42 3.48 647.78 −1.09 1.91 D
2005 1265.95 4.16 732.87 13.14 0.52 C
2006 1311.29 3.58 810.71 10.62 0.50 C
2007 1361.35 3.82 872.70 7.65 0.33 B
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Table 9. Cont.

Year Urban
Population

Growth
Rate (%)

Build-Up
Area

Growth
Rate (%)

Coefficient of
Dispersion

Type of
Coordination
Development

2008 1419.09 4.24 933.04 6.91 0.24 B
2009 1474.92 3.93 1026.84 10.05 0.44 C
2010 1529.55 3.70 1136.53 10.68 0.49 C
2011 1605.96 5.00 1325.44 16.62 0.54 C
2012 1678.11 4.49 1324.94 −0.04 1.02 D
2013 1732.76 3.26 1395.86 5.35 0.24 B
2014 1783.01 2.90 1470.12 5.32 0.29 B
2015 1838.41 3.11 1529.15 4.02 0.13 A
2016 1908.45 3.81 1494.47 −2.27 3.95 D

Note: A—coordinated growth; B—mild disorders; C—moderate disorders; D—extreme imbalance.

During the research period, Chongqing’s urban population and urban built-up areas have
expanded rapidly. The population has increased by 1.04 times, with an average annual growth of 4.1%.
The highest growth year had a growth rate of 6.14% in 2002, and the lowest was a growth rate of urban
population of 2.9% in 2014. At the same time, the area of urban built-up areas increased by 2.68 times,
with an average annual increase of 7.52%; however, the area of built-up areas fluctuated relatively, with
the slowest growth in 2016 being negative growth of 2.27%, and the highest in 2002, reaching 23.86%.
From the perspective of maladjustment, only two years were in the phase of coordinated development.
Seven years showed a mild misalignment, and seven years had moderate maladjustment. Among
them, two systems were in extreme misalignment for three years. Overall, there was an imbalance in
PU and LU in Chongqing. In addition to the individual years, the overall trend of LU was faster than
the speed of PU (Figure 7).

Figure 7. Population growth rate and urban growth rate (%).

4.2.2. Coordinated Evaluation of Quality Development between PU and LU

The urbanization of population not only includes the transformation of peasant identity to urban
identity, but also the change of lifestyle and thinking. Similarly, the urbanization of land is not
only the expansion of the urban built-up area, but also the improvement of land use quality and the
rationalization of land use structure. The optimization of land structure is characterized by the decrease
of land use ratio, the increase of public facilities and green space. This part attempted to establish
an evaluation index system from the angle of PU, and the quality intention of the LU development,
to evaluate the quality level of the population system and land use system development in the process
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of urbanization development. The coordinated development degree model was used to evaluate the
coordinated development of the two systems during the research period. The evaluation results are
shown in Table 10.

Table 10. The coordinated development of PU and LU in Chongqing city.

Year f (x) g(y) C T D L Type of Coordination Development

1998 0 0.16 0 0.08
1999 0.04 0.16 0.41 0.1 0.2 1.45 Moderately unbalanced population lags
2000 0.07 0.16 0.72 0.12 0.29 1.24 Moderately unbalanced population lags
2001 0.11 0.16 0.93 0.14 0.36 1.03 Mild coordination population lags
2002 0.18 0.12 0.92 0.15 0.37 0.97 Mild coordination land lags
2003 0.23 0.11 0.77 0.17 0.36 1.25 Mild coordination land lags
2004 0.28 0.17 0.88 0.23 0.45 1.07 Endangered disorders land lags
2005 0.34 0.19 0.85 0.27 0.48 1.06 Endangered disorders land lags
2006 0.39 0.22 0.85 0.31 0.51 1.12 Barely coordinated land lags
2007 0.42 0.28 0.92 0.35 0.57 1.11 Barely coordinated land lags
2008 0.47 0.35 0.96 0.41 0.63 1.06 Primary coordination land lags
2009 0.53 0.4 0.96 0.47 0.67 1.09 Primary coordination land lags
2010 0.59 0.48 0.98 0.54 0.73 1.07 Moderate coordination land lags
2011 0.67 0.56 0.98 0.62 0.78 1.06 Moderate coordination land lags
2012 0.73 0.64 0.99 0.69 0.83 1.04 Good coordination land lags
2013 0.81 0.68 0.98 0.75 0.86 1.03 Good coordination land lags
2014 0.87 0.72 0.98 0.8 0.89 1.02 Good coordination land lags
2015 0.93 0.77 0.98 0.85 0.91 1.05 High-quality coordination land lags
2016 1 0.87 0.99 0.94 0.96 High-quality coordination land lags

Note: f (x)—quality index of PU; g(y)—quality index of LU; C—the coordination degree; T—the development degree;
D—the coordinated development degree; L—the coordinated development situation.

On the whole, Chongqing’s PU and LU quality levels are increasing year by year, and the
urbanization quality index of population is increasing faster than the quality of LU. The population
was lagging before 2001, and land lagged after 2001 (Figure 8). It can be seen that when compared to
LU, the economic development had an even more pronounced effect on the quality of PU.

Figure 8. Population–land urbanization quality change trend. Note: f (x)—quality index of PU;
g(x)—quality index of LU.

4.2.3. Evaluation on Coordinated Development of Population–Land Urbanization

As shown in Figure 9, the coordinated development of the urban population quality level and
LU quality level showed an overall upward trend from 1998 to 2016, from 0.2 in 1999 to 0.96 in 2016.
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The coordinated development of the two systems gradually shifted from an uncoordinated state to
a state of high-quality coordination. From the situation index of coordinated development, with the
exception of 2002, the development trend of each year was more than 1, which indicated that the
coordination degree of the system was higher.

Figure 9. Coordinated development of population and land urbanization quality. Note: C—the
coordination degree; T—the development degree; D—the coordinated development degree.

5. Discussion

With regard to the examination of the interactive relationship between Chongqing’s PU and LU,
and the evaluation of its development speed and quality coordination, several important discussion
points have emerged from the results of this study.

5.1. The Mechanism of PU Promoting LU

This paper constructed an econometric model of time series, and the results showed that PU
could promote LU in Chongqing. Among them, the cointegration test and error correction model
explored the interaction relationship from the perspective of long-term and short-term, respectively.
The Granger causality test further examined the order of the two variables to determine the causal
relationship between the two variables, and the conclusions obtained were consistent. The role
of PU in the development of LU was mainly achieved by increasing the demand for construction
land and changing the structure of land use. First, the increase in demand for construction land.
The development and prosperity of the city is based on the flow of social factors, where the flow of
population is the core. Compared with rural areas, cities attract a large number of rural laborers due
to good job opportunities and convenient living conditions. A large number of population inflows
have set new requirements for the provision of urban public services, their jobs, residences, and
transportation based on the occupation of urban land resources. Therefore, the most direct impact of
the influx of people into the city is the increase in demand for construction land. Second, the change in
the structure of land use. The influx of rural surplus labor has brought about a relatively low labor
force for the industrialization of the city. Under the guidance of agglomeration economies, companies
have the impulse to expand their production scale and gain economies of scale. At the same time,
to promote economic development, employment promotion, and bright performance, the government
also has a strong desire to expand production, so the scale of industrial land will naturally increase.
The increase in the scale of industrial land has also led to an increase in the corresponding residential
land and public facilities, thus changing the land use structure.
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5.2. The Interaction between PU and LU

The impulse response function and variance decomposition based on the VAR model revealed the
respective responses of the two variables after impact. Figure 5 shows that LU responded quickly when
it was impacted by itself, and the response to LU quickly subsided due to the lack of self-strengthening
mechanisms. Therefore, in the process of urbanization development, it cannot rely entirely upon the
urbanization of the amount of land. When affected by PU, LU lagged behind, and then the response
was larger and decreased with time. This shows that the development of PU in the short-term will
affect the land use demand, increase the demand for land in the short-term, and pay more attention to
excavating the land potential in the late periods, and the demand for land will be relatively reduced.
Variance decomposition further showed that the expansion of construction land use continued to
reduce the ability to explain LU, and population aggregation led to LU more clearly, indicating that the
driving force for urbanization started with government-led behavior, the leading behavior originated
from the local government’s dependence on the land finance to develop the economy, and the role of
population agglomeration in the later period was gradually highlighted. The impact of PU on itself, and
the expansion of land, showed a continuous positive response, but the response changes were weak;
the result of variance decomposition further showed that the effect of population agglomeration on
PU was far greater than that of land expansion. Obviously, continuous expanding urban construction
land does not significantly attract the flow of population and enhance the attractiveness of the city.
This also demonstrates the inefficiency of the current mode of development of a pancake-style city.

5.3. The Coordination of Development between PU and LU

Research on the coordination of PU and LU development rate using the deviation coefficient
method showed that during the research period, the population of urban areas and construction land
has rapidly expanded in Chongqing, but the pace of expansion of the two is inconsistent. The overall
performance shows that the speed of land expansion is greater than the speed of urban population
agglomeration. This conclusion is consistent with the overall situation in China [12]. This also explains
the reasons for the shortage of land for urban and rural construction, low land use efficiency, and high
vacancy rates in the development process. By contrast, if the speed of PU is faster than LU, then urban
crowding will also cause agglomeration to be uneconomical, thus limiting the further development of
the city. For the unbalanced pace of development of population–land urbanization, this paper proposed
two main reasons. First, the dual household registration system. The system divides the population
from the legal sense into agricultural population and non-agricultural population. Constrained by this
system, the transformation of the agricultural household registration population into urban household
registration population requires a three-dimensional transformation of regions, occupations, and
identities. However, there are thresholds for these three changes. In particular, the change in status
depends on the local settlement policy. In addition, “different rewards and equal rights for the same
workers” make the city government enjoy cheap labor while saving financial expenditure on social
welfare. Therefore, the policy has been continued. Second, the government’s reliance on land finances.
The reform of the tax distribution system [72] in 1994 and the reform of the housing system [73] in
1998 contributed to local land finance. Local governments have not adequately budgeted for land
finance compensation [74], and as a result, land finance has relied on the path of “land acquisition–land
sale–tax collection–mortgage–requisition”. The local government monopolizes land development
in the primary market, collects land at low prices, and sells at high prices to obtain excess profits.
Therefore, continuously expanding land for urban construction in various regions has led to rapid LU
that has exceeded the speed of PU. According to the statistics of the China Economic Weekly in 2014,
Chongqing’s land reliance was ranked fifth in the 23 provinces and cities it counted, which was 50.89%.



Sustainability 2018, 10, 1741 21 of 28

6. Conclusions and Policy Implications

6.1. Conclusions

This paper used Chongqing as an example, constructed an econometric model of time series to
study the interaction between PU and LU in Chongqing and used the coordinated development degree
model to analyze and appraise the interactive relationship between the development speed and the
quality coordination. The following conclusions can be made:

(1) The horizontal comparison showed that the development level of urbanization in Chongqing was
relatively insufficient, and the structure of land use irrational. The development of urbanization
in Chongqing has been relatively rapid, but the current level of urbanization is still insufficient
when compared with other municipalities. The proportion of urban population is small; the level
of real urbanization is low, and there is a big gap between the urbanization rate of household
registration population and the urbanization rate of resident population. The phenomenon of
population outflow during the process of urban development is more serious, but there has
been a gradual easing trend in recent years. In terms of urban land structure, the prominent
problem is that industrial land accounts for a relatively large proportion, and land used for public
management and facilities, as well as commercial service facilities, is obviously inadequate, which
also leads to the weak capacity of Chongqing to absorb the labor force.

(2) There is a long-term cointegration relationship between PU and LU. PU is the Granger cause of
LU, and population agglomeration contributes significantly to the development of urbanization
as urban development models that rely on land expansion do not apply. A 1% increase in PU will
promote the LU by 3.29% in the short-term, and will promote it by 2.28% in the long-term. Its role
is mainly achieved through the increase in demand for construction land and the transformation
of land use structure. In addition, in the short-term after the deviation occurs, LU will adjust the
unbalanced state between PU and LU of the previous period and PU by 65.6% to pull it back
into a state of long-term equilibrium; In the process of urbanization, the role of land expansion
is mainly in the initial stage, and later in the development of the connotation of land resources.
The current “spreading cake” urban development model does not apply.

(3) The speed of PU and LU are in an imbalanced state, and the coordination of development quality
is increasing year by year, until it gradually develops into a coordinated state. LU is faster than
PU, and the underlying cause is the objective restriction of the dualistic household registration
system on PU and urban land expansion based on land finance dependence. The harmonization
of the development quality of the two systems has been increasing year by year, and the increase
in the quality level of PU is greater than that of LU, and gradually shows the lagged quality of
land development. In general, the two systems are gradually shifting to a coordinated state.

6.2. Policy Implications

First of all, in view of the problem of the unbalanced land use structure, extensive land use, and
high population outflow in Chongqing, we should start with land use management and population
development management. In terms of land use management, on the one hand, the scientificity,
rationality, and guidance of land planning should be strengthened. The overall planning of land use
and the overall urban planning should be led by a department by strengthening the communication
and demonstration with relevant departments and try to establish a plan for public participation.
As a mountainous city, Chongqing strengthened the scientificity of land planning and adopted a
“multi-cluster” planning model in space, which is of typical significance to the rational use of space in
other cities in China. On the other hand, the research conclusions (3) showed that the inefficiency of
the “spread-cake” model of urban growth and the quality of land development was lagging. Therefore,
the level of land intensive utilization should be increased, and the quality of urbanization should be
emphasized. The government can delineate the boundaries of urban growth, prevent the disorderly
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and sprawling growth of urban space, and at the same time, strengthen the development and utilization
of the stock of land, continue to increase the intensity of land consolidation, and reasonably guide the
adjustment of the industrial structure.

In the management of population development, the government should focus on promoting
the flow and agglomeration of population factors. With reference to the classic theory of population
flow push–pull [75], in terms of pulling force, it is necessary to actively improve the employment
environment in cities and enhance the attractiveness of the city’s employment. This can be achieved
through investment promotion, upgrading of industrial structure, and fostering innovation and
entrepreneurship. In terms of thrust, we must increase the level of agricultural modernization, increase
agricultural production capacity and sustainable development capacity, and release the rural labor
force; at the same time, more job skills training for farmers should be intensified, as well as smoothing
employment information sharing mechanisms and improving the competitiveness of rural migrant
workers. The practice of Chongqing can be used for reference to the coordinated development of the
industries and cities in many agricultural provinces in China.

Second, in light of the problem that LU occurs faster than the urbanization of population,
consideration should be given to the regulation of land fiscal reform and household registration
system reform. Based on the shortcomings of the mismatch between financial power and authority of
the local government exposed during the operation of the tax sharing system, it is recommended to
clarify the division of revenue responsibilities, division of expenditure responsibilities, and transfer
payments between the central and local governments. From the source of finance, it can be ensured
through the levy of real estate tax, and the promotion of land fiscal transformation can be gradually
promoted on the basis of a pilot study. To promote the transformation of land finance, it can be
gradually promoted on the basis of a pilot study. The above research conclusions can help China’s real
estate tax implementation as soon as possible.

In terms of the reform of the household registration system, the equalization of basic public
services [76] is the key to the current realization of PU. The government should explore the inclusion
of the floating population in the social security system to ensure “equal pay for work of equal value”,
and gradually abolish the restrictions on household registration [77], except for controlling the size of
megacities. In addition, the current fiscal allocation and land use policy should be adjusted to establish
a population–finance-building land linking system. Based on the characteristics of the population’s
mobility, the indicators for construction land use and fiscal transfer payments are dynamically adjusted
to stimulate the enthusiasm of local governments to attract population, so as to promote the coordinated
development of PU and LU.

As a kind of exploration, this paper aims at the test and evaluation of the interaction between
PU and LU, and obtains some results by using the econometric method of time series data and the
coordination development degree model. However, in order to further improve the study, the next step
should be studied from the following two perspectives: (1) refine the research object to the county level
and explore whether differences in different regions can lead to different conclusions; and (2) consider
the spatial interaction between counties, as subsequent studies may attempt to construct a spatial
econometric model to more objectively evaluate the interaction of population–land urbanization.
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Appendix A. Raw Data

Table A1. Population Urbanization Raw Data

Year Urbanization
Rate (%)

Secondary and
Tertiary
Industry
Workers’

Proportion (%)

Regular
Institutions of

Higher
Education per
10,000 Persons

Engel’s
Coefficient

(%)

Per Capita
Annual

Disposable
Income
(yuan)

Per Capita
Annual Living
Expenditure for
Consumption

(yuan)

1998 32.6 42.7 30.28 45.6 5442.84 4977.26
1999 34.3 43.5 35.52 42.8 5828.43 5444.23
2000 35.6 44.6 46.51 42.2 6176.3 5569.84
2001 37.4 46.1 60.09 40.8 6572.3 5873.69
2002 39.9 48.4 75.04 38 7238.07 6360.2
2003 41.9 50.5 91.06 38 8093.67 7118.06
2004 43.5 52.2 108.8 37.8 9220.96 7973.05
2005 45.2 53.4 127.92 36.4 10,243.99 8623.29
2006 46.7 54.3 144.27 36.3 11,569.74 9398.69
2007 48.3 55.2 158.31 37 12,590.78 9890.31
2008 50 56.3 170.84 39.1 14,367.55 11,146.8
2009 51.6 57.8 183.03 37.2 15,748.67 12,144.06
2010 53 59.7 196.17 37.5 17,532.43 13,335.02
2011 55 61.9 210.01 38.5 20,249.7 14,974.49
2012 57 63.7 227.56 41.5 22,968.14 16,573.14
2013 58.3 65.5 238.25 35 23,058 17,813.86
2014 59.6 67.3 247.55 34.5 25,147 18,279
2015 60.94 69.2 254.3 33.6 27,239 19,742
2016 62.6 71.1 253.75 32.7 29,609.96 21,030.94
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Table A2. Land Urbanization Raw Data.

Year
Build-Up

Area
(km2)

Per Land
Investment
in Fixed
Assets

(yuan/m2)

Area of
Paved Roads

per Capita
(m2/person)

Number of
Employed

Persons per
Land (10,000
persons/km2)

Inner
Expenditure

of R&D
Funds per

Land
(yuan/m2)

Population
Density

(persons/km2)

Land for
Urban

Construction
per Capita

(m2/person)

Per Capita
GDP

(yuan/m2)

Total Retail
Sales of

Consumer
Goods per

Land
(yuan/m2)

Per Land
Government

Revenue
(yuan/m2)

Per Capita
Green

Covered
Area

(m2/person)

Percentage of
Greenery

Coverage (%)

1998 406.89 122.43 2.58 1.8 1.3 348.38 13.87 393.81 152.23 17.48 0.88 19.97
1999 419.04 134.32 2.75 1.76 1.55 347.12 14.03 396.91 159.18 18.31 1.01 20.13
2000 439.22 153.68 3.02 1.73 2.37 345.71 14.27 419.69 168.71 20.44 1.04 18.34
2001 452.03 177.38 3.3 1.65 2.21 343.33 14.9 437.33 173.07 23.48 1.4 17.25
2002 559.89 177.83 4.62 1.34 2.25 341.59 17.47 398.8 152.46 28.2 2.3 16.5
2003 654.95 193.81 6 1.16 2.66 340.18 19.64 390.22 142.71 24.67 3.12 16.6
2004 647.78 250.38 6.33 1.18 3.66 338.98 19.9 468.46 164.92 30.97 4.09 20.9
2005 732.87 273.76 6.63 1.06 4.37 339.55 25.21 473.17 167.53 35.04 4.93 21.6
2006 810.71 302.43 8.58 0.97 4.55 340.76 27.72 481.95 176.58 39.19 6.59 22.94
2007 872.7 362.27 8.42 0.93 5.39 341.73 30.28 535.82 196.07 50.73 6.97 29.97
2008 933.04 433.56 8.94 0.9 6.45 344.52 31.42 620.94 230.12 61.9 8.91 34.1
2009 1026.84 517.89 9.29 0.85 7.73 346.95 34.5 635.93 244.93 63.8 10.57 36.76
2010 1136.53 610.17 9.09 0.81 8.83 350.06 37.84 697.35 268.46 83.77 12.72 39.48
2011 1325.44 579.87 9.97 0.74 9.69 354.23 41.45 755.32 285.36 112.29 17.01 40.28
2012 1324.94 707.96 10.4 0.79 13.32 357.39 37.75 861.14 332.32 128.57 17.41 42.34
2013 1396.86 802.73 10.89 0.79 14.46 360.42 39.81 915.8 362.2 121.3 17.1 41.28
2014 1470.12 899.5 11.25 0.78 13.78 363.02 41.72 970.17 388.45 130.74 16.54 40.55
2015 1529.15 1012.35 11.5 0.74 16.16 366.07 43.14 1027.84 420.1 140.92 16.1 40.04
2016 1494.47 1161.69 11.81 0.76 22.22 369.94 42.99 1174.85 486.55 149.08 16.18 40.78
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