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ABSTRACT The Chinese government has proposed a synchronous development strategy for new urbaniza-
tion, industrialization, informatization, and agricultural modernization (called ‘‘New Four Modernization,’’
NFM), which provides new ideas for solving social sustainable development problems such as large urban-
rural gaps, irrational industrial structures, and environmental pollution. This study aims to examine their
interactive modes and provide a theoretical basis and empirical evidence for the synchronous development
of NFM. The analysis started with the interaction mechanisms of new urbanization, industrialization,
informatization, and agricultural modernization. Principal component analysis (PCA) was used to compre-
hensively evaluate the level of NFM development. A vector auto-regression (VAR) model was constructed
to analyze the interaction effect empirically. The findings were as follows: (1) China’s new urbanization,
industrialization, informatization, and agricultural modernization development levels were rising, and there
was a long-term equilibrium relationship between them. (2) The Granger joint test found that the combined
effects of any three developments in new urbanization, industrialization, informatization and agricultural
modernization have a significant causal relationship with the development of the other, which showed that the
synchronous development of NFM had an inherent motivation. (3) New urbanization occurred at the core of
NFM interaction mode and was the main driving force for the development of the other three modernizations.
Lastly, this study provides a new case for better understanding the interaction mode of NFM in emerging
countries such as China, and provides Chinese experience for developing countries.

INDEX TERMS New four modernization, sustainable social development, interactive mode, principal
component analysis (PCA), vector auto-regression model (VAR).

I. INTRODUCTION
In the early stages of reform and opening up, due to limited
resources such as human capital, material resources, scien-
tific and technological capabilities, and financial resources,
China adopted a strategy of unbalanced development [1].
This unbalanced development strategy has had a positive
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impact on China’s social and economic development [2].
After decades of development, China has established the
world’s most complete modern industrial system [3], becom-
ing the world’s largest manufacturing country and second
largest economy. Urbanization construction in China has
experienced a process of low starting point, strong momen-
tum and rapid speed along with the advancement of modern
industrialization [4]. The permanent urban population has
increased from 170 million in 1978 to 902 million in 2020,
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and the corresponding urbanization rate has increased from
17.92% to 63.89%. China’s informatization development is
also very rapid, with the internet penetration rate and mobile
phone penetration rate reaching 93.5% and 112.91% respec-
tively (Sourced from the National Bureau of Statistics of
China). Due to the continuous progress of agricultural tech-
nology, China’s agricultural modernization has made great
progress. The output of China’s major agricultural products,
such as grain, cotton, rapeseed, meat, fruits and vegetables,
has already ranked first in the world. Since reform and open-
ing up, China has lifted 770 million poor rural people out of
poverty, accounting for more than 70% of the global poverty
reduction population during the same period. However, with
the continuous advancement of China’s modernization pro-
cess, problems such as unbalanced regional development,
unsustainable economic growth, and large urban-rural gaps
have gradually emerged because of this strategy. In this
context, the Chinese government proposes to promote the
synchronous development of new urbanization, industrial-
ization, informatization and agricultural modernization [4],
which is also called the ‘‘New Four Modernization (NFM)’’
synchronous development strategy.

Chinese modernization was first proposed at the 20th
CPC National Congress in October 2022. One of the impor-
tant goals is to realize new urbanization, industrialization,
informatization and agricultural modernization by 2035 [6].
Therefore, NFM is an important part of China’s moderniza-
tion path. Promoting the synchronous development of NFM
is the basic path to realizing China’s modernization, and is
also an important strategic deployment to start a new jour-
ney of comprehensive construction of China’s modernization
path. In recent years, with the development of urbanization
and industrialization, a large number of surplus laborers
in China have entered cities and non-agricultural industries
for employment, which not only promotes the development
of industrialization and agricultural modernization, but also
brings about the expansion of urban scale [7], [8]. At present,
information technologies such as big data, artificial intelli-
gence, and cloud computing are developing rapidly. China’s
e-commerce transaction volume has surged from 33 billion
yuan in 1999 to 37.21 trillion yuan in 2020, an increase
of more than 1,000 times over the past 20 years. Informa-
tization has been integrated into various industries of the
national economy, further promoting industrial development
and social progress [9], [10]. New urbanization, industrializa-
tion, informatization and agricultural modernization, which
are interconnected [11], have become an important driv-
ing force for the sustainable development of China’s social
economy.

The proposed NFM synchronous development strategy is
crucial to solving China’s current social contradictions, such
as irrational industrial structures, large urban-rural gaps, and
environmental pollution [12]. It also provides developing
countries with new ideas and practical experience to solve
similar problems. However, the following questions may

arise. Is there any theoretical basis or empirical evidence
to support the synchronous development strategy of NFM?
Does the synchronous development of NFM have an intrinsic
motivation? What are the positions and roles of new urban-
ization, industrialization, informatization, and agricultural
modernization in NFM? As the world’s largest developing
country, theoretical and empirical research on the interactive
mode between China’s new urbanization, industrialization,
informatization, and agricultural modernization is significant
in answering the above questions.

Although scholars have conducted a lot of research on
urbanization, industrialization, informatization, and agricul-
tural modernization, they mainly focus on the aspects of
development pattern, driving force, and level. Zhang et al.
analyzed the development pattern and driving factors of
county urbanization and found that the level of urbaniza-
tion in southeast coastal counties is relatively high, but the
development speed is slower than that in central and west-
ern regions. Poor resource endowment is the main factor
hindering the development of urbanization at the county-
level [13]. Gu believes that industrialization, modernization,
globalization, marketization, and administrative power are
the five driving forces of the urbanization process [14]. Huang
et al. used AHP and entropy methods to measure Kunming’s
urbanization level from 2015 to 2019, and the results showed
that Kunming’s urbanization level continued to improve [15].
Merzlikina et al. elaborated on themain characteristics of new
industrialization and revealed the mechanism of regional eco-
nomic interests converging under new industrialization [16].
Tao et al. believe that China’s industrialization process has
gone through five stages: accumulation period, exploration
period, accelerated development period, high-speed develop-
ment period, and shifting period [17]. Ragulina et al. used
comparative analysis to compare the level of social informa-
tization between Russia and OECD countries, and found that
the development level and speed of social informatization in
modern Russia is relatively low [18].Wang et al. used entropy
method to measure the level of agricultural modernization
in Shaanxi Province, and the results showed that the overall
trend of agricultural modernization in Shaanxi Province was
on the rise, but the rate of increase was not fast [19].

Second, the relationship between them is studied in terms
of agricultural informatization, urbanization and industri-
alization, industrialization and information integration, and
agricultural industrialization, etc. Through the integration
of informatization and agriculture, transaction costs can be
reduced, agricultural management can be improved, and a
range of modern agricultural industrialization models can
be developed [20]. Additionally, new industrialization and
new urbanization were found to have a mutually benefi-
cial impact on each other, with a long-term cointegration
relationship [21]. Wang et al. demonstrated that urbaniza-
tion levels played a significant role in reducing the urban-
rural income gap [22], [23]. Liu et al. used the threshold
regression model of static panel data to explore differences
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in the interaction effects between informatization and new
urbanization processes in different regions of China [24].
Wang and Zhou’s study of the interaction between urban-
ization and agricultural modernization in Shandong Province
shows that agricultural modernization is the Granger cause of
urbanization, while urbanization is not the Granger cause of
agricultural modernization. Agricultural modernization has a
positive long-term effect on urbanization, while urbanization
has a short-term negative effect on agricultural moderniza-
tion [25]. Wei pointed out that under the new normal of
China’s economic transformation and upgrading, promot-
ing the coordinated development and positive interaction
of Gansu’s new urbanization and agricultural modernization
will inevitably become an important task of economic and
social development in the new era [26].

Finally, studying urbanization, industrialization, informa-
tization, and agricultural modernization from the perspective
of sustainable development, environmental protection, car-
bon emissions, and renewable energy has become a popular
research field in recent years [27], [28], [29], [30], [31], [32],
[33]. However, in the existing literature, few reports analyze
the interactive mode of NFM, making it difficult to answer
the above questions and understand China’s synchronous
development strategy for NFM. Therefore, this study may
help to fill gaps in the existing literature and have the fol-
lowing potential contributions: (1) We provided a framework
for analyzing the interactive model of new urbanization,
industrialization, informatization, and agricultural modern-
ization. Specifically, we reported that the combined effects
of any three developments in new urbanization, industrial-
ization, informatization and agricultural modernization had
a significant causal relationship with the development of the
other based on the Granger causality test, which showed that
the synchronous development of the NFM had an inherent
motivation. (2) This paper provided a new case for better
understanding the interaction mode of NFM in emerging
countries such as China, and provided Chinese experience for
developing countries.

This study first analyzed the interactive mechanism of the
NFM. Then, we constructed an evaluation index system for
the development of the NFM, and used the PCA method to
measure the development index of China’s new urbanization,
industrialization, informatization and agricultural modern-
ization from 1999 to 2019. Finally, the VAR model was
used to analyze the interactive mode of China’s NFM. The
remainder of this paper is organized as follows. Section II
makes theoretical analysis on the interaction mechanisms of
new urbanization, industrialization, informatization and agri-
cultural modernization. Section III introduces the methods
and data sources used in our empirical analysis. Section IV
presents the empirical results. Section V draws research con-
clusions and discussions, which will help us in understanding
the NFM synchronous development strategy proposed by the
Chinese government. Finally, we proposed policy recommen-
dations based on the problems existing in the synchronous
development of China’s NFM.

II. INTERACTIVE MECHANISM ANALYSIS
The core of new urbanization is ‘‘people-oriented’’ [34],
which pays more attention to ecological protection, improves
the construction of public infrastructure and the supply of
public services. With the advantages of capital, technol-
ogy and talents, new urbanization can accelerate industrial
agglomeration, optimize industrial structure, provide support
for agricultural modernization, and ensure food production
security. New urbanization is the link and carrier of the other
three modernizations, which is reflected in several aspects.
First, the infrastructure and public services provided by new
urbanization are fundamental guarantees for industrializa-
tion [35]. The advantages of new urbanization in the accu-
mulation of talents, capital, and technology provide human
resources and technical support for industrialization. Second,
the development of new urbanization accelerates the trans-
fer of surplus rural labor to cities and towns [36], thereby
expanding the consumption demand for farm products and
providing a broad market for the development of agricul-
ture. New urbanization development also provides advanced
management concepts, technical and financial support for
agricultural modernization, which drives the development of
agricultural technology and the adjustment of agricultural
industrial structure [37], [38]. It also provides protection and
support for modern agriculture in terms of health culture and
social systems, which helps improve farmers’ quality of life
and promote urban-rural integration. Third, new urbanization
is the carrier of informatization. In the new urbanization
process, the demand for information products encourages
informatization. Simultaneously, new urbanization provides
favorable conditions for the development of informatization
in talent reserves, technological innovation, and capital accu-
mulation.

The intendedmeaning of new industrialization is to achieve
industrialization with high technological content, low envi-
ronmental pollution, and low resource consumption, which is
regarded as the engine for the other threemodernizations. The
impact of new industrialization on the other modernizations
is mainly manifested as follows. First, the continuous devel-
opment of new industrialization will accelerate industrial
agglomeration, optimize industrial structure, and cause the
proportion of secondary and tertiary industries to gradually
increase, which will attract the continuous transfer of sur-
plus rural labor to cities and towns, thus providing power
for the development of urbanization. Second, informatization
is produced at a particular stage of industrialization [39].
It can be argued that industrialization is a prerequisite for
informatization. The information infrastructure and hardware
on which informatization depends for survival require the
support of industrialization. Finally, industrialization can pro-
vide new technologies for agriculture and promote agricul-
tural mechanization, automation, and large-scale production,
thereby contributing to the realization of agricultural modern-
ization [40].

Informatization is a product of urbanization and industri-
alization at a particular stage. It is the process of productivity
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transformation from tangible materials such as industrial
products to informational products. It is based on computers,
mobile Internet, big data, and other information technologies
to achieve urbanization, intelligent industrialization, and agri-
cultural modernization [41]. Informatization is an accelerator
for the development of the other three modernizations, and its
primary functions are as follows. Firstly, informatization is
the multiplier and booster of urbanization development. The
combination of informatization and urbanization can create
smart cities. The use of information technology can help
cities and towns optimize their industrial structure and form
a technological innovation industry centered on intellectual
talents, transforming the production and lifestyle of urban
residents. Secondly, the integration of informatization and
industrialization can create smart industries. Informatization
can optimize the allocation of production factors by improv-
ing market information transparency and reducing the impact
of information asymmetry, thus helping to improve industrial
efficiency [42]. Thirdly, the combination of informatization
and traditional agriculture, which can help in the indus-
trial upgrading of conventional agriculture, allows farmers to
communicate with the external market and strengthens agri-
cultural production, circulation and distribution links, thus
reducing the market risk of agricultural products.

Agricultural modernization requires traditional agriculture
to realize agricultural industrialization, scale, and intensifi-
cation using advanced agricultural production, operation and
management concepts, and agricultural technology [43], [44].
Agricultural modernization provides production factors and
material security for the other three modernizations, and
plays a significant role. First, agricultural modernization pro-
motes the transfer of large amounts of surplus rural labor
to cities and towns to provide labor for the development
of urbanization. Second, the development of agricultural
modernization offers a material basis for industry, such as
supplying the industrial sector with necessary raw materials
and primary products [45]. Finally, agricultural moderniza-
tion requires industrialization and informatization to provide
agricultural equipment and information technology, which
promotes industrialization and informatization.

In summary, new industrialization, informatization,
urbanization, and agricultural modernization are organically
interconnected, interacting, and promoting each other. Urban-
ization is the carrier, industrialization is the engine, informati-
zation is the accelerator, and agricultural modernization is the
basis of the other ‘‘three modernization’’. The synchronous
development of NFM means that each system exerts its
advantages under the influence of the market to achieve
mutual penetration andmutual promotion, thus improving the
optimal allocation of resources. Eventually, a development
pattern will be formed in which cities lead rural areas, indus-
try and farmers are mutually beneficial, urban and rural areas
are integrated, and industry promotes agriculture, achieving
healthy development of the national economy and society
(Seeing Figure 1) [46].

TABLE 1. Indicator system for assessing the development level of
industrialization, informatization, urbanization and agricultural
modernization.

III. METHODS AND DATA SOURCES
We constructed a comprehensive indicator system to evaluate
the development index of China’s new urbanization, indus-
trialization, informatization and agricultural modernization
from 1999 to 2019 using principal component analysis. Then,
the vector auto-regressive (VAR) model was used to empiri-
cally analyze its interaction effect. This paper used R (version
4.2.1) programming language to process data and models.

A. MEASURING THE DEVELOPMENT LEVEL
1) INDICATOR SELECTION AND DATA SOURCES
The construction of indicator system is a systematic project.
Based on previous studies [15], [17], [19], [47], [48], [49],
this paper focuses on the connotations and characteristics
of new urbanization, industrialization, informatization, and
agricultural modernization, establishing the comprehensive
index system shown in Table 1.
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FIGURE 1. Conceptual framework of the NFM interaction mechanism.

The original data for the indicators in this study were
mainly extracted from the China Statistical Yearbooks
(2000-2020), the database of the China Internet Infor-
mation Center (http://www.cnnic.net.cn/6/132/index.html),
and the website of the Ministry of Commerce of China
(http://www.mofcom.gov.cn). A few missing data in a spe-
cific indicator were obtained using data interpolation.

2) EVALUATION MODEL
Principal component analysis (PCA) was employed to solve
the multivariate information overlap problem [50]. It objec-
tively determines the weight of the comprehensive evalua-
tion model by the common factor eigenvalue, which avoids
arbitrary subjective weight assignment and is more scien-
tific [51]. Therefore, considering that the above indicators
were numerous and relevant, this study adopted the PCA for
a comprehensive evaluation. The main steps were as follows:

a) The original data were standardized to eliminate errors
caused by the different measurement units of the differ-
ent indicators.

b) Principal components were selected according to the
calculated eigenvalues and variance contribution rate,
such that the cumulative variance contribution rate of
the primary component factors was less than 90%.

c) The score Fi of each principal component factor was
calculated.

d) The weight ωi of each principal component factor was
calculated using the following calculation formula:

ωi =
λi
n∑
i=1

λi

(1)

where i = 1,2,3. . . n, λi is the eigenvalue of the i-th
principal component factor.

e) Finally, the final score F of the NFM subsystem was
calculated. The formula is as follows:

F =

n∑
i=1

ωiFi (2)

where ωi is the weight of the i-th principal component factor,
and Fi is the score of the i-th principal component factor.

According to the above method, we calculated the
development level of new industrialization, urbanization,
agricultural modernization and informatization in China
from 1999 to 2019. To facilitate subsequent analysis and
research, we normalized and indexed the subsystems over the
years without changing their relative development levels. The
formula used is as follows:

F ′
=

Fm − 2Fmin
Fmax − 2Fmin

× 1000 < F ′
≤ 100 (3)

where Fm is the subsystem score in year m of China, Fmax
is the year’s value with the highest score in the subsystem,
and Fmin is the score of the year with the lowest score in the
system. According to the above calculation formula, China’s
new urbanization development index UR, industrialization
index IND, informatization index INF, and agricultural mod-
ernization index AG were obtained over the years.

B. INTERACTIVE MODEL
The vector auto-regressive (VAR) model, proposed by Nobel
Prize winner Sims in 1980, is widely used to analyze the inter-
active relationships between multiple variables [52], [53].
It constructs a model by taking each endogenous variable
as a function of the lag value of all endogenous variables in
the system, thereby extending the univariate auto-regressive
model to the vector auto-regressive model composed of mul-
tiple time series [54]. The general mathematical expression is
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as follows:

Yt = C + η1Yt−1 + η2Yt−2 + . . . ηk−1Yt−k+1

+ ηkYt−k + εt

where η1, η2, . . . , ηk−1, ηk are the coefficient matrices to
be estimated, Yt is the column vector of the m-dimensional
endogenous variable, k is the lag order of the model, C is a
constant term and εt is a random disturbance term. According
to the above evaluation model, we obtained the develop-
ment indexes of China’s new urbanization, industrialization,
informatization, and agricultural modernization, marked as
UR, IND, INF, and AG, respectively. This study uses its natu-
ral logarithm to eliminate the influence of heteroscedasticity.
The VAR model with lag period k is established as follows:

LNURt
LNINDt
LNINF t
LNAGt

 = C +

∑k

p=1
φ


LNURt−p
LNINDt−p
LNINF t−p
LNAGt−p

 +


ε1t
ε2t
ε3t
ε4t


(4)

IV. RESULTS ANALYSIS
Consistent with the research design, this section first presents
the development index results for new urbanization, indus-
trialization, informatization and agricultural modernization.
We then use the results of the VAR model to analyze the
interaction relationship

A. MEASUREMENT AND ANALYSIS OF THE
DEVELOPMENT INDEX OF NEW URBANIZATION,
INDUSTRIALIZATION, INFORMATIZATION AND
AGRICULTURAL MODERNIZATION
The key to a comprehensive evaluation using principal com-
ponent analysis is the choice of the principal component
factors. As mentioned in the evaluation model in the previous
section, the choice of the number of principal component
factors should ensure that the cumulative variance contri-
bution rate is greater than 90%. As listed in Table 2, three
principal component factors were selected for UR and IND,
with cumulative variance contribution rates of 98.040% and
96.295%, respectively. The number of principal component
factors for INF and AG was set to 2 and 1, respectively, and
their cumulative variance contribution rates reached 95.921%
and 97.829%, respectively.

After determining the principal component factor, the
weight was calculated based on the eigenvalue. The develop-
ment indices of new urbanization, industrialization, informa-
tization, and agricultural modernization were calculated
using formulas (1)–(3). The results are shown in Figure 2.

From the perspective of development trends, new
urbanization, industrialization, informatization, and agricul-
tural modernization were generally rising. From the perspec-
tive of fluctuations, new industrialization fluctuated greatly,
while the development of urbanization, informatization, and
agricultural modernization was relatively stable. A possible
reason for this is that industrialization is more sensitive

to economic development. From the perspective of overall
development level, China’s new industrialization, urbaniza-
tion, informatization, and agricultural modernization were
quite different, showing a decreasing pattern in turn. More-
over, the development of informatization and agricultural
modernization lagged behind new urbanization and industri-
alization, which showed that there were obvious problems
of unbalanced and unsynchronized development in China’s
NFM subsystem.

B. EMPIRICAL ANALYSIS OF INTERACTIVE MODE
1) THE UNIT ROOT TEST
The premise of establishing a time series model was to ensure
the stability of each variable to avoid the problem of pseudo
regression. This study used the unit root test and Augment
Dickey-Fuller (ADF) to test the time series. The results of
the unit root tests are presented in Table 3. The ADF test
values of the LNUR, LNIND, LNINF, and LNAG time series
were all greater than the critical values of 1%, 5%, and 10%,
respectively. The corresponding P-values were 0.64, 0.20,
0.95, and 0.76, respectively, indicating that the time series
was not stationary. After the first-order difference of the
series, the ADF test values were all less than the critical value
of 5%. It shows that all the time series of this empirical test
under the 5% confidence level satisfy the first-order integer
series.

2) THE COINTEGRATION TEST
This study uses the Johansen Cointegration method to ver-
ify whether there is a long-term equilibrium relationship
between the variables. The test results are listed in Table 4.
The variables LNUR, LNIND, LNINF, and LNAG have a
cointegration relationship at a significance level of 5%, and
there is a long-term stable equilibrium relationship between
the variables.

As the variables passed the cointegration test, it was appro-
priate to use OLS to estimate the cointegration equation.
Finally, the following cointegration equations passed the
model test at a significance level of 10%, and the test results
are listed in Table 5. The cointegration equation can bewritten
as:

LNAG

= 0.519LNUR + 0.417LNINF + 0.124LNIND − 0.270

(4.74) (4.67) (2.01) (−1.85)

The cointegration equation shows that new urbanization
has the most significant positive effect on agricultural mod-
ernization in China. This is because the rapid development of
urbanization in China has providedmany jobs for farmers and
a broad market for rural areas, thereby accumulating funds
for agricultural mechanization and automation. Informati-
zation is the second driving force of agricultural modern-
ization. In the past two decades, the development of the
mobile Internet has greatly improved underdeveloped rural
information, and the marginal effect of information elements
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TABLE 2. The cumulative variance contribution rate of principal component factors.

FIGURE 2. China’s new urbanization, industrialization, informatization, and agricultural modernization development index.

has become more evident. Industrialization has the weakest
stimulating effect on agricultural modernization. This may be
because industrialization is mainly concentrated in large and
medium-sized cities, and has a small radiation effect on rural
areas.

3) THE ESTABLISHMENT OF THE VAR MODEL
Before establishing the VAR model, we select an appro-
priate lag order. This study used relevant standard criteria
to determine the lag order. AIC criterion and SC criterion
are usually used to determine the optimal lag order of VAR
model. If the lag order corresponding to the minimum of AIC
and SC is the same, then the lag order is the optimal lag order.
If the order of lag corresponding to the minimum of the two
criteria is different, it is necessary to determine the optimal
lag according to LR statistics. In this paper, as shown in
Table 6, AIC reaches the minimum at the fourth order of lag,
while SC reaches the minimum at the first order of lag, so the
optimal lag order can’t be determined only by AIC criterion
and SC criterion. Referring to other statistics, we find that LR
and FPE reached the minimum at the first order of lag. That

is, when the lag order is one, the SC, LR, and FPE values
synchronously reach a minimum. Therefore, the optimal lag
order was selected as the first order of lag.

On the other hand, we have conducted unit root tests and
the results show that the first-order difference is stationary.
Therefore, we can use the OLSmethod to estimate the param-
eters of the VARmodel. Finally, the followingVAR (1)model
was established.

LNURt
LNINDt
LNINF t
LNAGt

 =


0.59 1.04 0.25 0.47

−0.07 0.10 −0.07 −0.16
0.11
0.39

−0.11
−0.01

0.24 −0.18
0.33 0.50



×


LNURt−1
LNINDt−1
LNINF t−1
LNAGt−1



+


−0.06
1.76
−0.16
−0.02
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TABLE 3. The results of the unit root test.

TABLE 4. The results of the cointegration test.

TABLE 5. The results of the Cointegration equation model test.

4) GRANGER CAUSALITY TEST
After determining the optimal lag order, the VAR (1) model
was constructed, and the Block Exogeneity Wald Tests

method was used to perform the Granger causality test on the
model [55]. The results are presented in Table 7.

The Granger Joint Test results showed that the combined
effect of the development of any three modernization is the
Granger reason for the other. In other word, the combined
effect of urbanization, industrialization, and informatization
was the Granger reason for the development of agricultural
modernization. The combined effects of agricultural modern-
ization, urbanization, and informatization were the Granger
reason for the development of industrialization. The collec-
tive impact of urbanization, agricultural modernization, and
informatization was the Granger reason for the development
of industrialization. The combined effects of industrializa-
tion, informatization, and agricultural modernization were
the Granger reason for the development of urbanization. The
empirical results show that China’s new urbanization, indus-
trialization, informatization, and agricultural modernization
are an organic whole that integrates and influences each other,
which is consistent with our previous theoretical analysis of
the interaction mechanism.

The single equation Granger test showed that urbanization
was the Granger reason for the development of agricultural
modernization, but agricultural modernization was not the
Granger reason for the development of urbanization. The
development of urbanization and the development of indus-
trialization were Granger reasons for each other. Industrial-
ization was the Granger cause of informatization; however,
the opposite was invalid. Agricultural modernization was
the Granger reason for the development of informatization,
but the opposite was not true. This is consistent with the
actual situation in China. The rapid progress of urbanization
has increased the demand for surplus labor in rural areas,
and farmers are constantly flocking to cities, resulting in an
increase in farmers’ income, living standards, and degree
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TABLE 6. The selection of optimal lag order for VAR models.

TABLE 7. The Granger causality test results of the VAR (1) Model.

of agricultural mechanization, greatly promoting the devel-
opment of agricultural modernization. However, although
agricultural modernization has made progress, its impact on
urbanization development is limited.

5) IMPULSE RESPONSE FUNCTION
The impulse response function describes the impact of one
endogenous variable on other variables in the VAR (1) model.
According to the Granger test result of the VAR (1) model,
an impulse response function can be used to analyze the
response styles between the variables with Granger causality.
Figure 3(A) shows the impulse response of new urbaniza-
tion (LNUR) to new industrialization (LNIND). If a positive

impact were applied to LNIND, the LNUR would reach
the fastest response speed in the second period. Then the
response speed declines, finally rises slowly, and remains sta-
ble, which will be positive after the sixth period. According to
Figure 3(B), if a positive impact is applied to the LNUR, the
response speed of LNIND reaches its maximum in the second
period. The response index will slowly increase and finally
remain stable. This shows that new urbanization and new
industrialization will respond quickly after being affected by
each other and this response is persistent and positive. How-
ever, new urbanization will have a more significant and last-
ing impact on the new industrialization. Figure 3(C) shows
the impact of a change in the standard deviation of LNIND on
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FIGURE 3. Impulse response curve. (A) Response of LNUR to LNIND; (B) Response of LNIND to LNUR; (C) Response of LNINF to
LNIND; (D) Response of LNINF to LNAG.

LNINF. The change of the variable LNINDpositively impacts
LNINF. The response speed began to remain stable after
reaching its maximum in the second period, indicating that
the impact of LNIND on LNINF was persistent and positive.
Figure 3(D) shows the effect of a change in the standard
deviation of LNAG on LNINF. The impact of the change
of the variable LNAG on LNINF was initially zero, and the
response speed reached its maximum in the second period.
Subsequently, the force increases slowly and finally remains
stable. This shows that the impact of LNAG on LNINF is
rapid, lasting, and positive.

In short, new urbanization and industrialization are mutu-
ally reinforcing. New urbanization development provides tal-
ent, capital and markets for industrialization. On the other
hand, the development of industrialization can promote urban
residents’ employment and improve the living standards of
urban residents, providing support for urbanization. How-
ever, the promotion effect of new urbanization on indus-
trialization is stronger, which is determined by the special
situation of urbanization in China. Led by the government,

deeply involved in the market, and bundled with education
and medical care, China’s urbanization has attracted a large
number of people, capital, and good supporting infrastructure
in a short period of time, providing conditions for the long-
term development of industrialization. Second, industrial-
ization has a long-term positive impact on informatization
development. With the development of China’s industrializa-
tion, under the requirements of optimizing industrial structure
and high-quality development, new industries such as indus-
trial informatization, intelligentmanufacturing, and industrial
Internet continue to emerge, providing new opportunities for
informatization development. Finally, agricultural informa-
tion, rural e-commerce, and the improvement of farmers’
living standards also have a huge demand for informatization,
so agricultural modernization has a lasting positive impact on
informatization.

6) VARIANCE DECOMPOSITION
Based on the above VAR (1) model and Granger joint test
results, the combined effect of the development of any three
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TABLE 8. The variance decomposition results of the VAR (1) model.

modernizations was the Granger reason for the other. Such
specific causality can be analyzed using the differential
decomposition theory, whose core idea is to calculate the
contribution of different variables (usually measured by vari-
ance) to the fluctuations of a certain variable in the system
when it is structurally impacted. The results of the variance
decomposition of each variable of the VAR (1) model are
shown in Table 8.
First, new industrialization carried a 100% impact in the

initial period and gradually declined. However, it continued
to play a significant role in the tenth period. New urbanization
had the most significant contribution rate to new industrial-
ization, reaching 23.709% in the tenth period. The contribu-
tion rate of agricultural modernization and informatization
was minimal at 1.529% and 1.204%, respectively, in the
tenth period. Due to the large scale, complete categories,
and complex system of China’s industry, it has a certain

degree of stability and can withstand long-term impacts on
its own after being hit. But this also indicates that only long-
term persistence can achieve industrial structure upgrading
and high-quality industrialization development. On the other
hand, urbanization is the carrier of industrialization and has
a comprehensive and profound impact on the development
of industrialization. Consequently, urbanization still signifi-
cantly affects industrialization in the long run.

Second, new urbanization carried a 94.707% impact in
the initial period. It then showed a downward trend but con-
tinued to bear most of the impact of 92.625% in the tenth
period. The contribution rate of new industrialization to new
urbanization decreased from 5.293% in the initial stage to
1.733%. The contribution rates of agricultural moderniza-
tion and informatization rose steadily from 0 to 1.042% and
4.960%, respectively. The construction of urbanization is a
cumulative long-term process, and its urban system has a
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certain degree of stability. Therefore, after being hit, it can
only rely on itself to bear the long-term impact.

Third, after the impact of agricultural modernization,
it took most of the impact (74.021%) in the initial stage, and
urbanization and industrialization respectively took part of
the impact. In the later period, urbanization contributed the
most to agricultural modernization, reaching 81.9%. Due to
the direct material basis provided by agricultural modern-
ization for urbanization and industrialization, the impact on
urbanization and industrialization becomes apparent immedi-
ately in the early stages after being affected. At the same time,
the close connection between urbanization and agricultural
modernization in terms of population and geography has
made urbanization an important long-term influencing factor
for agricultural modernization. However, the development
of agricultural information in China is insufficient, and the
integration of agricultural modernization and informatization
is insufficient. Therefore, the impact of informatization on
agricultural modernization is very limited.

Fourth, new informatization carried most of the impact
in the initial stage, and new urbanization brought a more
significant impact. However, in the later period, the contribu-
tion rate of new urbanization to new informatization reached
an astonishing 81.174%. Informatization occurs when indus-
trialization reaches a certain stage. China’s informatization
development level is relatively weak, and it is mainly con-
centrated in urban areas. Urbanization and informatization
are deeply integrated, such as smart cities. Therefore, when
informatization is affected, it will have an immediate impact
on industrialization and urbanization, and urbanization con-
tributes the most to the long-term impact.

V. CONCLUSION AND DISCUSSIONS
A. CONCLUSIONS
This study theoretically analyzed the interaction mechanisms
of new urbanization, industrialization, informatization and
agricultural modernization. We then constructed an index
system for the development level of new urbanization, indus-
trialization, informatization, and agricultural modernization,
and used principal component analysis to measure the devel-
opment level of China’s NFM over the years. Finally, VAR
model was built according to the comprehensive evaluation
results, and the interaction effect was further analyzed in
detail. According to empirical research results, the following
basic conclusions were drawn:

(1) The comprehensive evaluation results showed that
China’s new urbanization, industrialization, informa-
tization, and agricultural modernization were rising.
The overall development level of informatization and
agricultural modernization was lower than that of
urbanization and industrialization. The fluctuation of
industrialization development was significantly higher
than that of the other three.

(2) The cointegration test showed a long-term equilib-
rium relationship between the development of new

urbanization, industrialization, informatization, and
agricultural modernization. In the long run, new urban-
ization, informatization, and industrialization had a
positive impact on the development of agricultural
modernization. New urbanization had the most sig-
nificant effect on agricultural modernization, followed
by informatization and industrialization had the least
effect.

(3) From a macro perspective, the Granger joint test found
that the combined effects of any three developments
in new urbanization, industrialization, informatiza-
tion, and agricultural modernization had a signifi-
cant causal relationship with the development of the
other. This shows that new urbanization, industrializa-
tion, informatization, and agricultural modernization
are organically interconnected and interacts with each
other. The synchronous development of the NFM has
an inherent driving force. Therefore, this empirical con-
clusion is consistent with the theoretical analysis.

(4) The interaction relationship from the micro perspective
showed that new urbanization and new industrializa-
tion were granger causes for each other’s development.
Still, the impact of urbanization on industrialization
was more significant than industrialization on urban-
ization. Industrialization and agricultural moderniza-
tion were granger causes of informatization develop-
ment, while new urbanization was the granger cause
of agricultural modernization development. Moreover,
this influence has the characteristics of rapid response,
continuous effect, and positive results.

(5) According to further analysis of variance decomposi-
tion, it can be seen that the long-term impact of new
urbanization and industrialization was mainly carried
by itself. The contribution rate of new urbanization to
informatization and agricultural modernization was the
largest, which exceeds their own contribution rate.

B. DISCUSSIONS
Since the beginning of the 21st century, China’s society
and economy have developed rapidly, and its total economic
volume has steadily ranked second in the world. New urban-
ization, industrialization, informatization and agricultural
modernization are important aspects of China’s modern-
ization construction, which is an inevitable choice to pro-
mote sustainable, stable, and healthy development of social
economy. Based on the results of empirical research, this
article discusses the development and interactive mode of
China’s new urbanization, industrialization, informatization,
and agricultural modernization, with the aim of providing
Chinese experience for other countries in the world (espe-
cially developing countries).

According to the experiences of developed countries,
industrialization is the main driving force of urbaniza-
tion [56]. Many enterprises are attracted by the advan-
tages of geographical location, transportation conditions, and
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resource endowments. In this process, industries and popu-
lations are gathered, leading to urbanization and promoting
the development of informatization and the modernization
of surrounding agriculture. This is a natural path with the
characteristics of spontaneity and slowness.

The Chinese model is different. Under market forces,
government-led urbanizationwas the core factor in industrial-
ization, informatization, and agricultural modernization. The
specific path to attract the population was that the government
formulates urban development plans, transfers land to real
estate enterprises for residential development, and improves
supporting measures for infrastructure, medical care, and
education. In this mode, cities and towns with complete
supporting facilities were first established, and industrial
chains and industrialization were formed. The capital, talents,
and market advantages of cities and towns further support
informatization and agricultural modernization. This model
has a pronounced effect on promoting social development
and economic growth in the early stages of urbanization. The
empirical results of this study also support these views.

However, there are some problems with this Chinese
model [35]. For the sake of its political achievements, the
government has blindly expanded the scale of towns, repeated
demolition and construction of infrastructure, and unreason-
able town planning. This has led to problems such as empty
ghost towns (population, industrial agglomeration failure),
waste of resources, housing price bubbles, environmental
pollution etc. From the perspective of the objective law of
development, the development speed of new urbanization in
the middle and late stages will inevitably decline. The role
of urbanization in promoting the development of industrial-
ization, informatization, and agricultural modernization may
not be influential. China’s seventh census in 2021 shows that
its urbanization rate has reached 63.89%. Scholars generally
believe that China’s urbanization has reached the mid-term
stage, and that some regions have entered the mid-to-late
stage of urbanization. Although urbanization has made great
contributions to Chinese modernization, its effect on new
industrialization, informatization, agricultural modernization
and economic growth will be very limited in the post urban-
ization period.

The above conclusions and discussions were significant
for us to correctly understand the development status and
interaction mechanism of China’s NFM. Taking China as an
example, we can answer the three questionsmentioned above.
First, the strategy of NFM synchronous development has a
certain theoretical basis and practical evidence, as confirmed
by this study. Second, the NFM synchronous development
has an internal driving force, as shown in Conclusion (3).
Third, new urbanization plays a core role in the synchronous
development of NFM in China, regardless of long-term equi-
librium or short-term impact. However, in the long-term
equilibrium and short-term impact, the positions and roles of
new industrialization, informatization and agricultural mod-
ernization in the synchronous development of the NFM were
different, as shown in conclusions (2), (4), and (5).

VI. POLICY RECOMMENDATIONS
Based on the above conclusions and discussions, we have
gained a profound understanding of the current develop-
ment status, interactive models, and existing problems of
China’s new urbanization, industrialization, informatization,
and agricultural modernization. We therefore made the fol-
lowing policy recommendations:

First, developing countries can learn from the Chinese
experience and model. They should give priority to urban-
ization and promote the development of industrialization,
informatization and agricultural modernization through pop-
ulation agglomeration, infrastructure construction and indus-
trial policies, which can achieve rapid social and economic
development at the initial stage.

Second, the follow-up development of China’s new urban-
ization and industrialization should establish the concept of
ecological civilization and pay more attention to urbanization
quality and industrialization benefits. On the one hand, the
government should strengthen public services such as urban
health care, education and public transport, placing social
urbanization and ecological urbanization in the important
position of new urbanization. On the other hand, the Chinese
government should optimize the upgrading of the industrial
structure, promote informatization to empower the develop-
ment of industrialization, and rely on innovative elements to
drive economic growth. Targeted tax cuts can also be con-
sidered to guide capital flows into environmental protection
industries and high-tech enterprises.

Third, local governments should adapt measures to local
conditions to create an environment for the rapid development
of informatization and agricultural modernization.We should
encourage the development of e-commerce, ‘‘Internet+’’ and
other emerging industries to break the monopoly of infor-
mation service industry, reducing information services cost.
On the other hand, the government should encourage areas
suitable for large-scale mechanized agricultural production
to accelerate land transfer and increase investment in rural
areas and agriculture. Finally, in view of the unbalanced
and uncoordinated regional development of China’s NFM,
the central government should appropriately tilt towards the
central and western regions in terms of policies and capital.
For example, we can consider the establishment of free trade
zones in countries bordering western China to create new
highlands for China to open.

VII. LIMITATIONS AND FUTURE STUDY
Research in this study is still inadequate. Inspired by this
paper, it was conjectured that the interaction between urban-
ization, industrialization, informatization, and agricultural
modernization was universal at the macro level, which had
nothing to do with the region. However, the interaction at the
micro level depends on the development path model of the
region. Limited by the content, purpose and length of this
study, this conjecture has not been confirmed, andmuch work
may be needed for further in-depth studies with new methods
and ideas. Specifically, we can choose typical countries or
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regions (such as developed countries, developing countries,
large countries, small countries, etc.) to study the interactive
models of new urbanization, industrialization, informatiza-
tion, and agricultural modernization. On the other hand, new
methods such as comparative analysis, heterogeneity analysis
and panel data analysis can be considered to verify the conjec-
ture of the NFM interaction mode. In short, this study is just
a throwing stone to start, and supports the above conjecture
to some extent, but the evidence is still insufficient. Future
research must adopt a comprehensive analytical approach
from multiple perspectives and employ diverse methodolo-
gies to acquire reliable and profound conclusions.
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