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In the past three decades, China has experienced vigorous urbanization. However, the economy-centered ur-
banization caused social issues and is being replaced by the new-type people-centered urbanization. Technology
innovation plays a key role in urbanization. Previous studies examine the relationship between technology
innovation and the traditional economy-centered urbanization. But the relationship between technology in-
novation and the new-type people-centered urbanization remains unknown. As such, this paper develops a

comprehensive evaluation index system for technology innovation and the new-type urbanization based on the
data from Shaanxi province between 2000 and 2014. A variation coefficient method is applied to determine the
weight of each index. Then a model is proposed and tested. At the end, conclusions are reached based on the
results of the tests on the model. Recommendations for dealing with technology innovation and the new-type

urbanization are provided.

1. Introduction

Urbanization is an integral element of rapid income growth and
industrialization throughout the world (Fan, 2017; Feng and Xu, 1992,
Feng, 1993, Feng and Xu, 2000; Henderson et al., 2009). According to
United Nations (2010), 70% of the world's population will live in cities
in 2030. Technology innovation plays an important role in the process
of urbanization. For example, urbanization in the U.K. began at the time
when the first technological revolution occurred. During the second and
the third technological revolutions, urbanization processed quickly in
the U.S. The continuous introduction of foreign technologies and con-
tinuous innovation from 1950s to 1970s changed Japan into a science,
technology and economic power. The urbanization rate in Japan rose
quickly from 33% to 70% in this period. In recent years, industry de-
velopment has been driven by advanced ICT including IoT (Internet of
Things) (Giirdiir and Asplund, 2018; Kim, 2017; Li et al., 2015, Li et al.,
2018; Oliverio, 2018; Wang et al., 2016; Viriyasitavat and Martin,
2017). Because manufacturing and service production are more effi-
cient when undertaken in urbanized areas, urbanization is critical to the
success of modernization (Henderson et al., 2009). Urbanization
changes population distribution, production mode, life style, and eco-
logical environment.

China's urbanization has been a notable global event (Li, 2013,
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2017; Li and Zhou, 2013). In the past three decades, market reform and
globalization drove dramatic growth and structural changes in the
Chinese economy, society, and spatial organization (Lin and Yi, 2011).
As economy grows, China is experiencing a massive rural-urban mi-
gration and expansion of cities and towns (Fan, 2008; Henderson et al.,
2009; Hsing, 2010; Lin, 2009; McGee et al., 2007). In 2013, China's
urbanization rate rose to 53.7%, with an urban resident population of
770 million (Wang et al., 2015). However, compared with developed
countries which have an average urbanization rate of 80%, the urba-
nization rate in China is still low.

Rapid urbanization has put significant stress on city infrastructure
because it may lead to a reduced per-capita access to subsistence re-
sources in urban areas (Homer-Dixon, 1999; Homer-Dixon and Blitt,
1998). According to Buhaug and Urdal (2013), rapid urbanization can
seriously constrain local governments' ability to provide basic public
services, including employment, education, housing, electricity, water,
sanitation, healthcare, enforcement of law and order. In order to reduce
costs, improve efficiencies, and deliver the quality of life, cities rely
more on information and communications technology and new working
practices (Naphade et al., 2011). As Nam and Pardo (2011a) point out,
the smart city approach is emerging as a way to solve tangled and
wicked problems inherited in the rapid urbanization (Nam & Pardo,
2011). However, the transformation to smart cities require innovation
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in technologies, planning, management, and operation (Naphade et al.,
2011). According to Porter (2011), innovation driven development
stage is an important stage of economic modernization.

In China, the traditional economy-centered urbanization has created
notable economic and social benefits as well as adverse impacts, such as
the loss of arable land, the phenomenon of ghost cities, and the urban
heat island effect (Chan, 2014; Chen et al., 2016). Thus, the National
New Urbanization Plan (2014-2020) unveiled by the Chinese Central
Government revealed a new path for urbanization (Chen et al., 2016).
Different from the traditional economy-centered urbanization, the new-
type urbanization is people oriented and places more emphasis on the
universal coverage of social and public services, the service economy,
the integration of local culture and urban development, ecological and
environmental protection, and innovation in urban and rural manage-
ment (Fang et al., 2015).

So far research on urbanization through the lens of integrating
technology innovation and urbanization are missing. Accordingly, this
paper develops a comprehensive evaluation index system for tech-
nology innovation and the new-type urbanization. After data from
Shaanxi province between 2000 and 2014 are loaded into this index
system, a variation coefficient method is applied to calculate the com-
prehensive level of technology innovation and the new-type urbaniza-
tion. Then a model is proposed to describe the relationship between
technology innovation and the new-type urbanization. Tests are per-
formed to examine the proposed model. Finally, conclusions
are reached based on the results of the tests on the model.
Recommendations for dealing with technology innovation and the new-
type urbanization are provided.

2. Literature review

Urbanization is the increase in the urban share of the total popu-
lation (Henderson et al., 2009). It is the result of natural agglomeration
of population (Zhou, 2015). According to Buhaug and Urdal (2013),
urbanization is driven by reproduction rate, rural-urban migration, and
reclassification of rural land. Rural-to-urban migration is the con-
sequence of high and increasing population pressure on scarcity of re-
newable resources (Homer-Dixon, 2010) as well as labor moving from
under-employment in low-productivity rural activities to full employ-
ment in higher-productivity urban manufacturing activities (Henderson
et al., 2009). In recent years, advanced ICT including IoT (Internet of
Things) facilitate industrialization across the world (Bi et al., 2014;
Chen, 2017; Cheng et al., 2018; Duan and Binbasioglu, 2017; Lu, 2017;
Xu, 2011, 2016a; Wu et al., 2009; Xu and Duan, 2018; Xu et al., 2014;
Xu et al., 2018; Xu and Viriyasitavat, 2014; Xu et al., 2017; Xu et al.,
2018; Yang et al., 2017). Urbanization becomes critical to the success of
modernization because manufacturing and service are more efficient
when they are undertaken in urbanized areas (Henderson et al., 2009).

With increasing urban populations and expanding industrial activ-
ities, China has experienced vigorous land urbanization and an uneven
population distribution pattern since 1978 (Chen et al., 2016). The
rapid and unprecedented process of urbanization was created by the
history's largest flow of rural-urban migration in the world (Lin and Yi,
2011). During the period of 1978-2013, China's urban population has
risen from 170 million to 730 million, and the level of urbanization has
reached 53.7% in 2013(Wang et al., 2015). Rural-urban migration has
made dominant contributions to Chinese urban population growth
(Zhang and Song, 2003), and reshapes the economic, demographic, and
social landscapes of the Chinese city and countryside (Fan, 2008).

However, rapid population growth in urban areas causes cities to
face a variety of risks, concerns, and problems, including deteriorating
conditions in air and transportation and unemployment (Nam and
Pardo, 2011b). In China, rapid urbanization causes issues such as big
city malaise, unbalanced regional development, and urban-rural con-
tradictions (Chan and Hu, 2003; Fan, 2008; Zhou and Ma, 2003;
Pannell, 2002). Urbanization, economic growth, technological progress,
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and environmental sustainability drive cities to become smarter in
managing their infrastructure and resources to cater to the existing and
future needs (Naphade et al., 2011). The rapid urban population growth
requires sustainable development and better livability (Nam and Pardo,
2011a). Making a city smart has recently emerged as a model to miti-
gate and remedy current urban problems and make cities better as
places to live (Nam and Pardo, 2011b). To achieve sustainable devel-
opment, Chinese government has adopted an innovation driven devel-
opment strategy, which applies technological innovation to support
social productivity and comprehensive national strength (He, 2014).

According to Toppeta (2010), a smart city combines information
and communication technology (ICT) and Web 2.0 technology (He
et al., 2009) with other organizational, design and planning efforts to
speed up bureaucratic processes and to identify new, innovative solu-
tions for improving sustainability and livability. Smartness in the urban
context indicates utilizing cutting-edge of ICT as well as importantly
management and policy concerns (Nam and Pardo, 2011b). A smart city
supports long-standing practices for running the city in a more efficient
way, making the city perceptual, interconnected and intelligent, and
improving the quality of life based on advances in ICTs and infra-
structures (Harrison et al., 2010).

Infrastructures are central to a smart city. A smart city relies on
combination, connection and integration of systems and infrastructures
(Al-Hader and Rodzi, 2009). The competitiveness of a city relies on its
ability to continuously develop, accumulate, and exploit specialized
knowledge assets (Herstad et al., 2011). A city gains competitive ad-
vantages by developing information processing and knowledge diffu-
sion infrastructures (Simmie, 2003), and linking a set of technologically
related and globally networked actors and industries (Frenken et al.,
2007; Giuliani and Bell, 2005; Graf, 2010; Lazaric et al., 2008). In
specific, innovation is a primary source of economic growth, industrial
change, competitive advantage, and public service (Beckett and
Vachhrajani, 2017; Boyne et al., 2006; Christensen et al., 2004; Hisrich
et al., 2016; Tidd et al., 2001; Xu et al., 2016).

Technology is key to being a smart city because ICT can transform
life and work within a city significantly and fundamentally (Hollands,
2008). Smartness in the technology context implies the automatic
computing principle like self-configuration, self-healing, self-protec-
tion, and self-optimization (Spangler et al., 2010). By integrating
complex organizational and physical systems, technology innovation
can help model and simulate the implications of decisions in cities
(Dodgson and Gann, 2011). Technology innovation is “a mechanism to
change and upgrade technological tools to improve services and create
conditions where the tools can be better used” (Nam and Pardo, 2011b,
p187). The drivers of technology innovation are primarily reduction in
delivery time, increase in operational flexibility, and lowering of pro-
duction costs (Boer and During, 2001). According to Damanpour et al.
(2009), technological innovations are directly related to the primary
work activity of the organization and mainly produce changes in its
operating systems. A smart city can be considered as a contextualized
interplay among technological innovation, managerial and organiza-
tional innovation, and policy innovation (Ianuale et al., 2015; Nam and
Pardo, 2011b).

Rapid urbanization stimulates innovations (Dodgson and Gann,
2011). Urban areas are the major contributors to the supply of and
demand for innovation (Simmie, 2001). Cities are generally portrayed
as centers of innovation (Isaksen and Aslesen, 2001; Simmie, 2004).
Creativity is the heart of innovation and successful innovation activities
positively contribute to an urban region's economic competitiveness
(Kritke, 2012). Cities have fostered creative systems that multiply the
capacity for networking and encourage the generation of knowledge
and innovation (Camagni and Capello, 1999). In cities, it is easier for
firms to learn from other firms about new technologies, to hire the
workers with the exact skills they need, and to purchase and transport
intermediate inputs (Duranton and Puga, 2004; Rosenthal and Strange,
2004). Cities provide the environment for incubating innovations and
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developing sophisticated skills via schooling and training systems
(Henderson et al., 2009). Cities also employ more tertiary educated
people than elsewhere (Dirks and Keeling, 2009). Cities stimulate
creativity and entrepreneurship, which further spurs economic activity
(Naphade et al., 2011).

Scholars have explored the connection between technology in-
novation and urbanization. For example, Lewis (1954) proposes a
binary economic development model of agriculture and industry, and
asserts that technology innovation will give birth to some industries,
which would absorb the surplus labor force and promote the co-
ordinated development between urbanization and industrialization.
Chenery (1975) points out that interaction exists between in-
dustrialization and urbanization, that urbanization and the balanced
development of the national economy are the inevitable result of this
interaction, and that technology innovation would promote the transfer
of rural surplus labor to urban areas. Button (1976) notes that there is
positive connection among urbanization, industrialization, and tech-
nology innovation. He argues that industrialization and technological
progress are the foundation of urbanization, and that they play an
important role in promoting urbanization. Huang (2006) notes that
because there are non-synergetic factors between urbanization and in-
dustrialization development in China, measures for deepening the
structural reform, strengthening technology innovation, and promoting
the synergetic development among urbanization, industrialization, and
agricultural modernization should be taken. Gu (2012) believes that the
factor driven urbanization development model adopted by China
should be abandoned because this model relies on cheap land and
cheap labor force. He further argues that the factor driven urbanization
must be replaced by innovation driven urbanization, namely a trans-
formation from extensional extension to connotative development.
Ding and Chen (2013) assert that the progress of technology is the basis
of industrialization and urbanization, and that technology revolution
triggered by technology innovation is the decisive force for promoting
urbanization. Zhen (2013) finds that technology innovation is closely
related with the process of new urbanization, and that the core of sci-
ence and technology innovation is to change the traditional pattern of
rural industries, and to change the patterns of the farmer, farming and
countryside fundamentally. Gan (2014) finds the disconnection be-
tween technology innovation and urbanization in China and proposes
to narrow the city radius and to achieve the coordinated development
between industrial upgrading and new urbanization with technology
innovation. Yuan and Liu (2014) conclude that technology innovation
is a strong power to propel the development of a city, and that urba-
nization accelerates the emergence and development of urban innova-
tion and is assumed to be a key factor to promote technical creations.
Urbanization and technology innovation have a mutual promotion and
rely on each other all the time (Yuan and Liu, 2014).

Urbanization is thought of as an approach for absorbing surplus
labor force from rural areas in previous studies. However, with the
development of economy and society, urbanization has exhibited dif-
ferent characteristics. Other than absorbing surplus rural labor, urba-
nization is an important approach for achieving industrialization, in-
formationization, and agricultural modernization (He, 2014). The
traditional economy centered urbanization has trouble to continue. It
should be replaced by technology innovation driven urbanization. The
new-type urbanization is a policy approach gradually developed by the
government in the process of China's urbanization. Different from the
traditional one, the new-type urbanization focuses more on people than
on economy. It calls for efficient, harmonious, and ecologically livable
development in the process of urbanization (Liu et al., 2017). Popula-
tion agglomeration, land use, income increase, and the equalization of
public services and cultural heritage are the main focuses of the new-
type urbanization (Fang et al., 2015).
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Table 1
Index system of new urbanization and technology innovation.

Index system of the new-type urbanization
Population urbanization — x; Proportion of non-agricultural population (%)

Xo Proportion of the employment in tertiary
industry (%)
X3 Proportion of urban employment to total
employment (%)
X4 Amount of doctors per thousand persons
Economy urbanization Xs Per capita GDP in Shaanxi (yuan)
X6 Total investment in fixed assets (billion yuan)
Xy Proportion of tertiary industry output value to
GDP (%)
Xg Total retail sales of social consumer goods
(billion yuan)
Society urbanization Xg Urban per capita disposable income (yuan)

X10 Per capita income ratio of urban and rural
residents (%)

X11 1-Engel's coefficient

X12 Number of public transport vehicles per ten
thousand person

Index system of technology innovation

Knowledge innovation V1 Number of students per one hundred thousand
population of higher education institutions
Va2 Number of published science papers
Technology innovation Vs Number of authorized patents

Innovation environment Va The number of normal higher education

institutions

Vs State budgetary funds for education (ten
thousand yuan)

Ve R&D funding internal expenditure in R&D

institutions (ten thousand yuan)

3. An index system and model

3.1. An index system for technology innovation and the new-type
urbanization

The index originates from the National New-type Urbanization Plan
(2014-2020) (China's National Development and Reform Commission,
2014) and Evaluation of Regional Urbanization Level the Perspective of
New Urbanization: A Case Study of 10 Cities in Shaanxi Province.

The data about Shaanxi province from 2000 to 2014 are collected
from China Statistical Yearbook, Statistical Yearbook of Shaanxi
Province, Chinese Science and Technology Statistical Yearbook, and
Wind Financial Terminal. The details of the index systems are listed in
Table 1.

3.2. Index weight determination

First, the data are processed with a dimensionless method. Then the
weight of each index is determined with the variation coefficient
method.

3.2.1. Data dimensionless
. . _ Xijj — min(Xj;)
The dimensionless data Xj; = max(y) — minG)"

Where:
Xj; is the jth value of X;, i = 1,2,3...;j = 1,2,3....

3.2.2. The variation coefficient method
Variation coefficient V; = %
1
Where:
1
. . 1 N
0; is standard deviation, o; = (ﬁ Dicy (i — ,u)z)z'
N
i=1

. 1
l; is mean value, y; = ~ S Xi
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Table 2
Weight of each index.

Technological Forecasting & Social Change xxx (xxxX) XXX—XXX

Index of the new-type urbanization

Index X X X3 X4 X5 X7 Xg Xo X10 X11 X12
Weight 0.084 0.049 0.088 0.084 0.092 0.105 0.054 0.094 0.084 0.040 0.117 0.103
Index of technology innovation
Index 1 ¥2 ¥3 Va ¥s Y6
Weight 0.1151 0.1357 0.2573 0.0959 0.2159 0.1801

Table 3

The level of technology innovation and urbanization.
Year 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
UR 0.1441 0.1892 0.1969 0.2019 0.1887 0.2221 0.2639 0.2694 0.2948 0.3928 0.4543 0.5360 0.5954 0.6922 0.8992
A 0.0000 0.0385 0.0697 0.0954 0.1371 0.1909 0.2338 0.2976 0.3560 0.4392 0.5307 0.6270 0.7341 0.8450 0.8725

the weights of each index are calculated re-

i ;)

Weight W, = =2
z

i=1"1
spectively in this way and the results are shown in Table 2.

3.3. The level of technology innovation and urbanization

The level of urbanization UR = Z;zlwix,-j

The level of technology innovation A = Eﬁzlwiylj
The values of UR and A are shown in Table 3.

3.4. Model

The progress of technology and the improvement of agricultural
productivity increase the surplus labor force in rural areas and then
prompt the surplus labor force to move to the secondary industry and
the tertiary industry. At the same time, the improvement of the living
conditions in rural areas changes rural people's values and lifestyle. As a
result, the demand for the secondary industry and the tertiary industry
in rural areas rises and causes the upgrading of the industrial structure.
The progress of technology and people's skills interact with each other.
People with technology skills promote changes in employment. The
changes trigger the adjustment in industrial structure and further pro-
mote urbanization. The development of economy requires more high-
quality public services. Technology progress will improve the quality of
public service (e.g. electronic approval) and facilitate the integration of
urban and rural social security (e.g. Golden Insurance Project in China).
In this way, labor cost drops. Furthermore, the progress of technology
promotes energy saving and emission reduction, improves the effi-
ciency of resource utilization, improves the ecological environment of
human settlements, and spurs the flow of population from rural areas to
urban areas. Therefore, urbanization is promoted by technology pro-
gress. Because technology innovation promotes the development of
new-type urbanization via upgrading of the industrial structure, opti-
mizing the employment structure, accelerating the integration of urban

and rural areas and the equalization of public services, and improving
the ecological living environment, this paper proposes a model for the
relationship between technology innovation and the new-type urbani-
zation as shown below:

InUR, =g + o 1InA, + ¢ (€8]

where:

UR, is annual level of new urbanization

A, is annual level of science and technology innovation
a, is constant term

¢, is stochastic error, e~N(0, 1)

4. Empirical analysis
4.1. Test of time series stationarity

We use ordinary least squares regression (OLSR) to analyze the re-
lationship between technology innovation and the new-type urbaniza-
tion. The assumption for OLSR is that data are stationary. If data are not
stationary, breach of data consistency will occur. Because data con-
sistency is the basis of statistical inference in large samples, breach of
data consistency will cause issues in regression. Therefore, we use the
ADF unit root test to examine the stationarity of the time series. EViews
8 is applied to test the stationarity of the data of science and technology
innovation (InA) and new-type urbanization (InUR). The results are
shown in Table 4.

The results of the ADF test show that the second order difference of
InA and InUR are all stationary. Therefore, the time series data of these
two indexes meet the requirement of stationarity. In other words, we
can conduct OLSR on the data of these two time series.

4.2. OLSR analysis

We load the data in Table 3 into model (1) and use EViews 8 to

Table 4

ADF test results of InA and InUR.
InA 1% level 5% level 10% level t-Statistic Prob. Conclusion
Original sequence —2.7549 —-1.9709 —1.6036 —1.4262 0.1368 Non-stationary
One order difference —2.7549 —1.9709 —1.6036 —0.7039 0.3921 Non-stationary
Second order difference —-2.7719 —1.9740 -1.6029 —1.9097 0.0566 Stationary ***
InUR 1% level 5% level 10% level t-Statistic Prob. Conclusion
Original sequence —2.7406 —1.9684 —1.6043 7.0030 1.0000 Non-stationary
One order difference —2.7549 —1.9709 —1.6036 0.7753 0.8684 Non-stationary
Second order difference —-2.7719 —1.9740 —1.6029 —2.5936 0.0144 Stationary **

Note: * is 1% significant level, ** is 5% significant level, *** is 10% significant level.
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Table 5

Regression results of InA on InUR.
Variable Coefficient Std. error t-Statistic Prob.
InA 0.725389 0.053973 13.43977 0.0000
C 0.104989 0.025017 4.196754 0.0010
R? 0.932861 Mean dependent var 0.369393
Adjusted R? 0.927696 S.D. dependent var 0.222577
S.E. of regression 0.059849 Akaike info criterion —2.670404
Sum squared resid 0.046565 Schwarz criterion —2.575997
Log likelihood 22.02803 Hannan-Quinn criter. —2.671410
F-statistic 180.6275 Durbin-Watson stat 0.898950
Prob (F-statistic) 0.000000

conduct regression analysis on the relationship between InA and InUR.
The results are shown in Table 5.

According to the results of the regression shown in Table 5, the
estimated regression formula of model (1) is:

InUR = 0.101989 + 0.725389InA 2

and

R = 0.9328861

Adjusted R®> = 0.927696

Prob (F-statistic) = 0.000000

R? of Formula (2) shows that 93.2861% of the total variation of the
observed value of the dependent variable can be explained by Formula
(2). Adjusted R? is 0.927696. This shows that the goodness of fit of
Formula (2) is good. Prob (F-statistic) = 0.000000. This shows that
Formula (2) passes the significant test at the 1% significant level. That
is to say, the model is significantly effective on the whole. The in-
dependent variable InA (1%) passes the significance test of regression
coefficient (t-Statistic) at the 1% significant level. This means that the
independent variable InA has significant effect on the dependent vari-
able InUR. Overall, the results show that from 2000 to 2014, there is a
positive relationship between the level of technology innovation and
new-type urbanization in Shaanxi province, and that the level of tech-
nology innovation has significant effect on the level of new-type ur-
banization.

4.3. Co-integration test

Co-integration test is to examine whether the causal relationship
described by the regression equation is a pseudo one. In other words, it
tests whether there is a long-term stable relationship between the
variables. For example, variable A and variable B are influenced by
variable C simultaneously. A and B rise or fall with the same trend. If we
analyze the relationship between A and B with regression analysis, we
will find that they are highly relevant. However, this regression is a
pseudo one.

Because the second order difference of InA and InUR are all sta-
tionary, InA and InUR meet the premise of co-integration test. Co-in-
tegration test usually applies the JJ method proposed by Johnson
(1990) and Juselius (1992). When we conduct JJ test, we choose the
status when linear trend in time series exists, trend in co-integration
equation exists, and intercept in co-integration equation does not exist.
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we use AIC and SC criteria to determine the optimal lag order of the
VAR model, reduce it by 1, and then get the lag order of co-integration
equation.

We use EViews 8 to test the optimal lag order of the VAR model of
InA and InUR. The results are shown in Table 6.

Table 6 shows that the optimal lag order of the VAR model for InA
and InUR is 1. So the lag order of the co-integration equation is 0. After
determining the parameters of co-integration test, we use JJ method to
conduct co-integration test on InA and InUR. The results are shown in
Table 7.

Table 7 shows that after the trace statistics method and the max-
imum eigenvalue statistics method are applied, there is only one co-
integration equation of technology innovation (InA) and new-type ur-
banization (InUR) at the 5% significance level. In other words, there is a
long-term stable equilibrium relationship between InA and InUR. The
regression is not a pseudo one.

4.4. Correlation test

The influence of technology innovation on new-type urbanization
can be manifested through three indicators: (1) technology innovation's
influence on employment structure in population urbanization; (2)
technology innovation's influence on industrial structure in economy
urbanization; (3) and technology innovation's influence on equalization
of public services and the integration of urban and rural areas in society
urbanization. We conduct Pearson correlation test on technology in-
novation and all indices of new-type urbanization to find out whether
the indices of new-type urbanization are significantly correlated with
technology innovation. X;-X;»5 represent the indices of new-type ur-
banization. We use SPSS20.0 to conduct Pearson correlation test on
technology innovation and all the indices of new-type urbanization. The
results are shown in Table 8.

Table 8 shows that the Pearson correlation coefficient between
technology innovation and the proportion of non-agricultural popula-
tion, the proportion of urban employment to total employment, per
capita GDP in Shaanxi province, total investment in fixed assets, total
retail sales of social consumer goods, urban disposable income per ca-
pita, and the amount of public transport vehicles per ten thousand
people are 0.991 0.982, 0.996, 0.982, 0.994, 0.998, 0.978, respectively.
These values indicate that the positive correlation between technology
innovation and these indices are very high at the 1% significance level.
The Pearson correlation coefficient between technology innovation and
the amount of doctors per thousand people is 0.667, which indicates
that the positive correlation between them is moderate. The Pearson
correlation coefficients between technology innovation and the pro-
portion of tertiary industry output value to GDP, income per capita
ratio of urban and rural residents are —0.589 and —0.600, respec-
tively. This indicates that the negative correlation is moderate at the 5%
significance level. The Pearson correlation coefficient between tech-
nology innovation and the proportion of employees in the tertiary in-
dustry and the 1-Engel coefficient are —0.443 and 0.190, respectively.
The two values are not significant neither at the 1% level nor at the 5%
level. Overall, the results the correlation test indicate that the correla-
tion between technology innovation and the 10 indices out of the 12

Table 6

Lag order test of VAR model.
Lag LogL LR FPE AIC SC HQ
0 17.08722 NA 0.000278 —2.514537 —2.433719 —2.544458
1 59.32702 63.35969* 4.84e-07* —8.887836* —8.645383* —8.977601*
2 60.19107 1.008065 8.89e-07 —8.365179 —7.961090 —8.514787
3 62.44683 1.879796 1.49e-06 —8.074471 —7.508747 —8.283923

Note: * indicates the optimal number of lag order selected by the corresponding criteria.
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Table 7
Results of co-integration test.
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Unrestricted co-integration rank test (trace)

Hypothesized Eigenvalue Trace 0.05 Prob.**
no. of CE(s) statistic Critical value

None * 0.875643 30.96935 15.49471 0.0001
At most 1 0.119705 1.784973 3.841466 0.1815
Unrestricted co-integration rank test (maximum eigenvalue)

Hypothesized Eigenvalue Max-Eigen 0.05 Prob.**
no. of CE(s) statistic Critical value

None * 0.875643 29.18437 14.26460 0.0001

At most 1 0.119705 1.784973 3.841466 0.1815

Note: * is 1% significant level, ** is 5% significant level.

indices of new-type urbanization are significant. These results support
that there is a positive correlation between the level of technology in-
novation and new-type urbanization in Shaanxi province.

5. Conclusions

The unprecedented rate of urbanization requires smarter ways to
manage the accompanying challenges in urban areas (Nam and Pardo,
2011b). Technology innovation is approached to solve tangled and
wicked problems inherited in the rapid urbanization. In the past three
decades, market reform and globalization drove a massive rural-urban
migration in China (Lin and Yi, 2011). China has experienced vigorous
urbanization since 1978 (Chen et al., 2016). This economy-centered
was thought as a means of GDP growth rather than a natural historical
process of aggregation of resources in China. The misunderstanding of
urbanization and the extensive development of urbanization caused
social issues in the past, such as high housing prices, land finance,
housing demolition contradiction. Accordingly, the coordinated devel-
opment between technology innovation and new-type urbanization
must be achieved. Sustainable development is the correct approach to
promote population urbanization, economy urbanization, and society
urbanization (Hu and Wang, 2012).

To explore the relationship between technology innovation and the
new-type urbanization, this paper develops a comprehensive evaluation
index system. Data from Shaanxi province between 2000 and 2014 are
loaded into this index system. Then a variation coefficient method is
applied to calculate the comprehensive level of technology innovation
and the new-type urbanization. Based on the result of calculation, this
paper proposes a model to describe the relationship between tech-
nology innovation and the new-type urbanization. Tests are performed
to examine the proposed model.

The following conclusions can be reached based on the test. (1)
From 2000 to 2014, the level of technology innovation and new-type

Table 8

urbanization in Shaanxi province grew rapidly. (2) There is a positive
correlation between technology innovation and new-type urbanization.
Technology innovation significantly impacts on new-type urbanization.
There is a long-term stable equilibrium relationship between them. (3)
There are significant positive correlations between technology in-
novation and the indices of population urbanization, economy urbani-
zation, and society urbanization on the whole.

The results of the test in this paper also show that science and
technology are the first productive forces and the powerful driving
forces for new-type urbanization. At present, Shaanxi province is taking
urbanization as the core of its strategic development. Guanzhong Urban
Agglomeration is a pattern for new-type urbanization with the char-
acteristics of One Core, Two Axes, Three Corridors, and Four Poles.

Here are some recommendations to achieve comprehensive devel-
opment of population urbanization, economy urbanization, and society
urbanization. (1) Promote population urbanization with technology
innovation. Strengthen personnel training and team building, because
technology talent is the key to realize the role of technology innovation
in new-type urbanization. New-type urbanization requires technology
projects and pertinent financial funds, which need talents badly. (2)
Promote economy urbanization with technology innovation. Promote
industrial upgrading. Increase investments in science and technology.
Take advantage of traditional science and technology resources in
Shaanxi province, especially in Xi'an City. Catch opportunities in the
Belt and Road strategy (Xu, 2016b). Promote the transformation of
science and technological achievements through college-enterprise
union and patent market. Upgrade high pollution and high energy
consumption industries to green environmental protection ones. Pay
more attention to the transformation efficiency of science and techno-
logical achievements to the tertiary industry. Increase the contribution
of technology innovation to the tertiary industry. (3) Promote society
urbanization with technology innovation. Achieve equalization of
public services between urban and rural residents. Narrow the gap

Correlation between technology innovation and the indices of new-type urbanization in Shaanxi province.

Index Index code Pearson correlation Significance (two-tailed)
Proportion of non-agricultural population (%) X, 0.991* 0.000
Proportion of the employment in tertiary industry (%) X5 —0.443 0.098
Proportion of urban employment to total employment (%) X3 0.982* 0.000
Amount of doctors per thousand persons Xy 0.667* 0.007
Per capita GDP in Shaanxi (yuan) Xs 0.996* 0.000
Total investment in fixed assets (billion yuan) Xe 0.982* 0.000
Proportion of tertiary industry output value to GDP (%) Xy —0.589%* 0.021
Total retail sales of social consumer goods (billion yuan) Xg 0.994* 0.000
Urban per capita disposable income (yuan) X9 0.998* 0.000
Per capita income ratio of urban and rural residents (%) Xi0 —0.600%* 0.018
1-Engel's coefficient Xi1 0.190 0.498
Amount of public transport vehicles per ten thousand person X12 0.978* 0.000

Note: * is 1% significant level, ** is 5% significant level.
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between urban and rural areas. Currently, public services, facilities,
infrastructure construction in rural areas are not well developed. As a
result, rural residents do not have convenient access to transportation,
health care, and education. Promote the transformation efficiency of
science and technological achievements. Increase public transport and
use information technology to develop e-learning and to build network
for medical treatment.
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