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Abstract
We explored the mechanisms of, and relationships between, modern Chinese urbaniza-
tion and industrial upgrading. To these ends, we used a panel-data, vector autoregression 
model, a coupling, co-ordination degree model, and a panel threshold model incorporat-
ing data from 2003 to 2017. The empirical results suggest that modern urbanization and 
industrial upgrading are bidirectional in nature, and that the effect of the latter is greater 
than that of the former. Although the extent of coupling co-ordination has increased annu-
ally, significant spatial differences are apparent. The interrelationship between urbanization 
and industrial structure is complicated, being affected by regional economic levels, mate-
rial and human capital, market environments, technological progress, foreign direct invest-
ment, financial support, and the extent of openness. All factors exhibited threshold effects. 
Our findings shed new light on the co-ordinated development of modern urbanization and 
industrial upgrading, and have implications for China’s economic development in the new 
normality.

Keywords China’s modern urbanization · Industrial upgrading · Panel VAR model · 
Coupling co-ordination degree model · Panel threshold model

1 Introduction

Historically, urbanization is closely linked to industrial upgrading (Moir 1976). Urbaniza-
tion is the objective result of human social development, and industrial upgrading is an 
inevitable requirement of socioeconomic development. In fact, industrial upgrading pro-
motes urbanization which, in turn, facilitates further upgrading (Wu and Shen 2013). As 
countries develop, people move from rural/agricultural areas to urban centers, where they 
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work in manufacturing and service industries exhibiting high productivity growth and 
agglomeration effects; changes in the consumption structure of urban residents, in turn, 
adjusts the industrial structure (Glaeser et al. 1992; Duranton 2008; Glaeser and Gottlieb 
2009). Therefore, how to match the industrial structure coordinated with urbanization is 
the key to promote economic growth. China is no exception to this rule.

China’s macroeconomic policy framework has been determined to ensure steady growth, 
adjust the industrial structure, and advance the socioeconomic reforms in recent years, and 
urbanization is supposed to be one of the most important socioeconomic reform directions 
(Bertinelli and Black 2004; Zhang et al. 2014). The National Bureau of Statistics reports 
that investment-driven, export-led, low-cost manufacturing support has rapidly increased 
urbanization from 17.92% in 1978–59.58% in 2018 (average annual growth 4.08%). How-
ever, it has caused a series of social and economic problems, such as energy consumption, 
environmental pollution, low urban service level, and large numbers of peasants whose 
land has been expropriated (Sun et al. 2016). This is mainly due to the important factors 
such as urban functions have not been fully considered in the process of urbanization in 
China (Wang et al. 2012). Against this background, China’s modern urbanization develop-
ment concept has emerged, and it not only pays attention to the scale of urban, but also 
focuses on the improvement of urbanization quality. Also, urbanization often lacks match-
ing industries (Gollin et  al. 2016). The proportions of primary, secondary and tertiary 
industries in China were 27.69, 47.71, and 24.60% in 1978 but 7.20, 40.70, and 52.20% 
in 2018. However, high-end services such as information technology and finance remain 
poorer than those of developed countries. Also, the industrial, production value structure 
and employment are imbalanced. China’s transformation has entered a critical stage.

At present, urbanization and industrial upgrading are poorly co-ordinated, and both 
under- and over-urbanization widespread. Nevertheless, studies on the influential factors 
and mechanisms between China’s urbanization and industrial structure are absent in large 
parts of previous research, and one-dimensional indicators are often used to explore the 
relationship between urbanization and single industries. Urban functionality and indus-
trial comprehensiveness are ignored. Country level data are used for empirical research, 
resulting in a lack of comparison of provincial differences. No consensus on the relation-
ship between modern urbanization and industrial upgrading has emerged; the two are even 
completely separated on occasion. This prohibits interactive co-ordinated development of 
urbanization and industrial upgrading and the formulation of relevant policies.

The aim of this paper is to explore the mechanisms of, and relationships between, 
modern urbanization and industrial upgrading; is the latter a one- or two-way process? 
Which one influences the other? Which one has more influence? Is development matched 
to urbanization? What factors affect this relationship? How do the factors act? We use a 
panel-data vector autoregression (VAR) model, a coupling, co-ordination degree model, 
and a panel threshold model to evaluate panel data from 30 Chinese provinces. Our key 
contributions are: We first build indicators of modern urbanization (MU) using popula-
tion, economic, spatial, environmental, societal, and urban–rural co-ordination data. We 
construct indicators of industrial upgrading from the perspectives of rationalization and 
sophistication. This breaks through the disadvantage of traditional single index and is more 
in line with the needs of realistic development. Second, we employ panel data collected 
from 2003 to 2017 in 30 Chinese provinces; these reflect the regional characteristics of 
the relationship between MU and industrial upgrading. The factors in play vary region-
ally. This overcomes the shortcomings of using country level data. Third, after identify-
ing the interrelationships, we explore the mechanisms in play and factors influencing such 
mechanisms, which are relatively lacking in the existing research, and this study is going 
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to fill in this gap. The urbanization patterns of many developing countries differ from those 
of developed countries; a study thereof may shed light on China’s unique situation. What 
economic laws control co-ordinated development? We create effective policy recommenda-
tions for those who must ensure that MU and industrial upgrading interact well. We seek to 
relieve unemployment, avoid overcapacity, and ensure stable economic growth.

2  Literature review

Urbanization and industrial upgrading are two major themes of economic development; 
their interrelationship has attracted a great deal of scholarly attention from three principal 
perspectives.

Scholars disagree on the one-way impacts of urbanization on industrial upgrading. Most 
scholars believe that urbanization promotes such upgrading. First, urbanization acceler-
ates specialization and industrial agglomeration, providing labor and capital and enhanc-
ing regional productivity (Alkay and Hewings 2012; Ian 2013; Wei and Hu 2017; Li et al. 
2019). The ensuing technological innovations synergistically enhance emerging service 
and other industries (Michaels et al. 2012; Barufi et al. 2016; Li and Hu 2016). Enhanced 
accessibility and lower transportation costs increase the extent and regional distribution 
of the economic benefits (Holmgren and Merkel 2017). Urban infrastructure is excellent. 
Information moves rapidly and transportation is convenient, promoting the free flow of 
resources and inter-industry cooperation, reducing transaction costs, and creating a mar-
ket demand for industrial upgrading (Zhao and Xu 2015; Wetwitoo and Kato 2017; Wu 
2017; Sun and Cui 2018; Wang and Hu 2018). The demonstration and bandwagon effects 
of consumption cause residents to change their lifestyles and consumption patterns, also 
enhancing industrial upgrading (Hong and Cheng 2016; Zhang and Wang 2016; Wang 
et al. 2017). However, most developing countries are at the bottom of the global industrial 
chain, and it is too easy to develop an economic development model centered on traditional 
manufacturing. This retards the development of new industries and inhibits innovation. A 
few scholars believe that urbanization hinders industrial upgrading (Hope 1998; Farhana 
et  al. 2012). As a developing country, China’s current market is imperfect and it is dif-
ficult to allocate resources effectively. Also, policy barriers to migration exist, of which 
the household registration system is the most important. Thus, urbanization and industrial 
upgrading are not synchronized (Yang and Jiang 2013; Zheng and Wei 2013; Chen and 
Kohlhase 2017; Fan 2019).

Most scholars believe that industrial upgrading promotes urbanization; millions move 
from the country to cities in a search of better living conditions and development oppor-
tunities. The impacts of primary, secondary, and tertiary industries on urbanization differ 
(Henderson 2010; Li and Wang 2016). Agricultural modernization originally drove urbani-
zation, but industry then took over because the associated agglomeration rapidly changed 
the employment profile. Modern service industries injected new vitality, thus sustaining 
urbanization (Phelps and Ozawa 2003; Davis and Henderson 2004). Successful cities are 
the economic, technical, cultural, and commercial centers of any country. Urbanization is 
driven by the development of tertiary industries requiring high-level technologies (Huang 
and Qiu 2017; Lu et al. 2018). The effects of industrial upgrading on urbanization differ 
between developed and developing countries. Developed countries promote urbanization 
by fostering service industries that improve urban function and service quality. Develop-
ing countries use industrialization to drive urbanization; the numbers and sizes of cities 
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increase (Black and Henderson 2003). In China, the urban village phenomenon of socio-
spatial segregation is rooted in a deeply institutionalized, urban–rural administrative 
dualism (Liu et al. 2010; Wu et al. 2013; Wong et al. 2018). Spatially, China’s economic 
structure is extremely uncoordinated. The eastern coastal areas (where industries are con-
centrated) fully enjoy the spillover effects of the specialized division of labor. In western 
China, the industrial clusters are weak and the capacity of cities to absorb more people 
poor. Therefore, increased urbanization caused by industrial upgrading is much less signifi-
cant in the west than in the center and east (He and Wu 2016).

In European and Neo-European countries that have undergone significant urbanization 
(to over 50%) such urbanization accompanied industrialization; the factories came to the 
cities (Mori 2017; Schafran et al. 2018). Spatial co-ordination of industrial agglomerations 
greatly affects city size (Murakami 2015). However, many developing countries exhibit 
high rates of urbanization but little industry. In China, most cities have weak industrial 
foundations and lack of supporting functions for industrial development (Wang 2014). 
Affected by factors such as brain drain, low ratio of land utility, and new mother town with 
insufficient interaction, urbanization and industrial upgrading are not yet interdependent 
(Shen 2013; Guo et  al. 2018; Yuan and Wang 2019). Towns of different sizes focus on 
diverse forms of industrial development.

In previous studies, one-dimensional indicators are often used to explore the relation-
ship between urbanization and single industries, which could hardly reflect their compre-
hensiveness. We build indicators of modern urbanization (MU) using population, eco-
nomic, spatial, environmental, societal, and urban–rural co-ordination data, and construct 
indicators of industrial upgrading from the perspectives of rationalization and sophistica-
tion, which are more in line with the needs of realistic development. When studying the 
relationship between China’s urbanization and industrial upgrading, it is too macro to use 
country level data for empirical research. We employ panel data collected from 2003 to 
2017 in 30 Chinese provinces, which can reflect the provincial differences. In addition, pre-
vious studies focus on the relationship between urbanization and industrial upgrading, we 
further identify the mechanisms in play and the relevant factors.

3  Data sources and variables

Research of this paper is not straightforward, as data is not always readily available, espe-
cially there is the problem of missing data existing in some provinces. Therefore, we col-
lected high-quality data on 30 Chinese provinces from 2003 to 2017 from the website of 
the National Bureau of Statistics of China.

3.1  Modern urbanization (MU)

When studying MU, we considered population, economic, spatial, environmental, and soci-
etal data; and urban–rural co-ordination. We also evaluated city size, construction quality, 
and services; we did not use traditional single indicators such as population or land-use 
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data. We entropy-weighted1 each indicator to minimize errors caused by subjective factors 
(Lan and Chen 2013; Cui et al. 2018). See Table 1.

3.2  Industrial upgrading (IU)

IU embraces industrial rationalization and sophistication. We measured rationalization 
using the Theil index2 that considers both industrial weight and the relationship between 
the output value and employment structures. Industrial sophistication is the ratio of the 
values added by tertiary and secondary industries. The larger the ratio, the more developed 
the tertiary industry and the higher the industrial structure; the more backward the tertiary 
industry profile, the lower the industrial structure (Sun and Fang 2015; Che et al. 2019). 
See Table 1.

3.3  Other factors

We included the regional economic level (REL), material capital (MC), the market envi-
ronment (ME), human capital (HC), technological progress (TP), foreign direct investment 
(FDI), financial support (FS) and the degree of openness (DO). Regional economic level 
is the regional per-capita GDP; material capital: the investment in social fixed assets; mar-
ket environment: the ratio of the number of employees in state-owned enterprises to the 
total number of employees; human capital the average educational attainment (number 
of people with primary education × 6 + number of people with junior high school educa-
tion × 9 + number of people with high school education × 12 + number of people with col-
lege degree or above × 16)/total population); technological progress: the number of grants 
obtained from regional patent applications; foreign direct investment: the ratio of foreign 
capital that is in fact used to contribute to regional GDP; financial support: the GDP of the 
regional financial industry; and the degree of openness: the ratio of total regional foreign 
trade to regional GDP (Halvorsen 2012; Ge and Zhang 2018; Wu and Zhao 2019). These 
data allow of empirical analysis.

1 Step1: The original data is converted into proper dimensionless (Kuo and Liang 2011). If the expectancy 
is larger-the-better, then it can be expressed by: Xij

* = (xij − mini xij)/(maxi xij − mini xij). If the expectancy is 
smaller-the-better, then it can be expressed by: Xij

*= (maxi xij − xij)/(maxi xij − mini xij). Step 2: The set projec-

tion of the factor: Pij, it is a relative frequency, and Pij = xij∕
�

∑m

i=1
x2
ij
 . Step 3: Entropy: the output entropy 

of the jth factor according to the information theory is the following equation: Ej = −k
∑m

i=1
Pijln

�

Pij

�

 , 
where k represents a constant: k = 1/lnm, which guarantees that 0 ≤ Ej ≤ 1. Step 4: Calculate the weight of 
entropy. The degree of diversification dj of the information provided by the factor j can be defined as fol-
lowing equation, and dj = 1 - Ej. Step 5: Then the weight of entropy of jth factor could be defined as: 
wj = dj∕

∑n

j=1
dj (Chang et al. 2009; Sun 2014).

2 TL =
∑3

k=1
(Yk∕Y) ln

�

Yk∕Lk

Y∕L

�

 , where L represents total employment, Y represents regional GDP, and k rep-
resents a specific industry.



666 F. Wang et al.

1 3

Ta
bl

e 
1 

 T
he

 c
om

pr
eh

en
si

ve
 sy

ste
m

 u
se

d 
to

 e
va

lu
at

e 
M

U
 a

nd
 in

du
str

ia
l u

pg
ra

di
ng

Sy
ste

m
 la

ye
r

Ta
rg

et
 la

ye
r

In
di

ca
to

r l
ay

er
U

ni
t

W
ei

gh
t

Si
gn

M
od

er
n 

ur
ba

ni
za

tio
n

Po
pu

la
tio

n
Pe

rc
en

ta
ge

 o
f u

rb
an

 p
op

ul
at

io
n

%
0.

05
1

+
U

rb
an

 p
op

ul
at

io
n 

de
ns

ity
Pe

rs
on

s/
km

2
0.

08
4

+
Ec

on
om

y
G

D
P 

pe
rc

en
ta

ge
s o

f s
ec

on
da

ry
 a

nd
 te

rti
ar

y 
in

du
str

ie
s

%
0.

03
9

+
G

D
P 

pe
r c

ap
ita

Y
ua

n
0.

08
1

+
U

rb
an

 fi
xe

d-
as

se
t i

nv
es

tm
en

t
10

0 
m

ill
io

n 
yu

an
0.

06
9

+
Sp

ac
e

U
rb

an
 p

er
-c

ap
ita

 ro
ad

 a
re

a
m

2
0.

06
6

+
Pr

op
or

tio
n 

of
 b

ui
lt-

up
 to

 u
rb

an
 a

re
as

%
0.

07
2

+
En

vi
ro

nm
en

t
U

rb
an

 p
er

-c
ap

ita
 g

re
en

 p
ar

k 
ar

ea
m

2
0.

06
0

+
Re

sp
on

si
bl

e 
tre

at
m

en
t o

f m
un

ic
ip

al
 w

as
te

%
0.

08
5

+
G

re
en

 c
ov

er
ag

e 
in

 b
ui

lt-
up

 a
re

a
%

0.
04

1
+

So
ci

et
y

N
um

be
r o

f b
ed

s i
n 

m
ed

ic
al

 in
sti

tu
tio

ns
Te

n 
th

ou
sa

nd
0.

08
4

+
N

um
be

r o
f i

nt
er

ne
t u

se
rs

Te
n 

th
ou

sa
nd

0.
06

1
+

Ed
uc

at
io

na
l f

un
di

ng
Te

n 
th

ou
sa

nd
0.

05
2

+
U

rb
an

 g
as

 av
ai

la
bi

lit
y

%
0.

06
0

+
U

rb
an

–r
ur

al
 c

oo
rd

in
at

io
n

U
rb

an
 a

nd
 ru

ra
l p

er
-c

ap
ita

 d
is

po
sa

bl
e 

in
co

m
es

–
0.

04
9

−
C

om
pa

ris
on

 o
f r

ur
al

 a
nd

 u
rb

an
 c

on
su

m
pt

io
n 

le
ve

ls
–

0.
04

2
−

In
du

str
ia

l u
pg

ra
di

ng
In

du
str

ia
l s

tru
ct

ur
e 

ra
tio

na
liz

at
io

n
Th

ei
l i

nd
ex

–
0.

47
7

−
In

du
str

ia
l s

tru
ct

ur
e 

so
ph

ist
ic

at
io

n
Va

lu
e 

ad
de

d 
by

 te
rti

ar
y 

in
du

str
y/

va
lu

e 
ad

de
d 

by
 se

co
nd

ar
y 

in
du

str
y

–
0.

52
3

+



667Modern urbanization and industrial upgrading in China: evidence…

1 3

4  Modeling

4.1  The panel VAR model

We use the panel VAR model of Love and Ziccino (2006) to explore the long-term inter-
action between MU and industrial upgrading. All variables are endogenous and provin-
cial heterogeneity is considered. The first-order model is:

where Xit is a vector featuring two endogenous variables (MU and industrial upgrading), fi 
a fixed effect, and dp,t a province-specific time dummy. When applying the VAR to panel 
data, the underlying structure of all cross-sectional units must be identical. In practical 
terms, we allow “individual heterogeneity” by introducing fixed effects (fi). The conven-
tional mean-difference approach to removal of fixed effects biases the coefficients; we use 
the Helmert transformation to overcome this problem (Zirek et al. 2016). Homoscedasticity 
is preserved and no serial correlation is induced. The system can be estimated using a gen-
eral mixed model (Arellano and Bover 1995; Boubtane et al. 2013). Next, impulse response 
functions (IRFs) and variance decompositions are computed. IRFs describe the temporal 
responses of endogenous variables to shocks of other variables; variance decompositions 
measure the contributions of each shock to the forecast error variance of each endogenous 
variable. The standard errors of the IRFs and the confidence intervals are generated via 
1000 Monte Carlo simulations. We use Cholesky decomposition to compute the IRFs; the 
more exogenous variables are ordered early in the VAR because earlier series impact the 
other variables contemporaneously but later series impact earlier variables only after a lag.

4.2  The coupling co‑ordination degree model

We use the coupling co-ordination degree model to explore whether MU matches indus-
trial upgrading; the model exploits the capacitive coupling coefficient of physics and 
has been increasingly applied to urban studies (Li et  al. 2012; Guo et  al. 2015; You 
2016). The formulae are:

where D is the extent of coupling co-ordination (D ∈ [0,1]) (Gao et al. 2013). The closer 
the value to 1, the better the co-ordination. C is the extent of coupling; C ∈ [0,1]. When C is 
0, the coupling of MU and IU is extremely low. When C is 1, the coupling of MU and IU is 
maximal (benign); MU and IU form a new ordered structure via interaction. T is the overall 
level of MU and IU and α and β the relative contributions. Here, MU and IU are equally 
important; α = β = 0.5 (Tang 2015).

(1)Xit = � + �1Xit−1 + fi + dp,t + �t

(2)D =
√

C × T

(3)C =
(MU × IU)1∕2

(MU + IU)

(4)T = � ×MU + � × IU
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4.3  Panel threshold model

Some scholars have reported non-linear relationships between MU and industrial 
upgrading (Xie and Liu 2018a, b). We use threshold variables to investigate whether 
the relationships differ among samples grouped by different thresholds and employ the 
panel threshold regression method of Hansen (1999) to search for multiple regimes. 
This model does not require any specified functional form of non-linearity; thresh-
old numbers and locations are endogenously determined. Also, asymptotic theory can 
be used to construct appropriate confidence intervals. A bootstrap method is used to 
assess the statistical significance of the threshold effect; it is also possible to test the 
null hypothesis of a linear formulation rather than a threshold alternative (Chang et al. 
2010). After allowing for fixed individual effects, the panel threshold model divides all 
observations into two or more regimes above and below the threshold level. The struc-
tural equation is:

where yit is a dependent variable, xit an explanatory variable, qit the threshold variable, and 
I(·) an indicator function. An alternative (intuitive) formulation of (5) is:

The observations are divided into two regimes, depending on whether the thresh-
old variable qit is smaller or larger than the threshold γ. The regimes are distinguished 
by different regression slopes, β1 and β2. Sometimes, there may be multiple thresholds. 
Similar procedures can be extended in a straightforward manner to higher-order thresh-
old models. This affords an advantage compared to the traditional approach, which 
allows of only a single threshold. For example, a double-threshold model is:

where γ1< γ2 (Hansen 2000).

(5)yit = 𝜇i + 𝛽
�

1
xitI

(

qit ≤ 𝛾
)

+ 𝛽
�

2
xitI

(

qit > 𝛾
)

+ eit

(6)yit =

{

𝜇i + 𝛽
�

1
xit + eit, qit ≤ 𝛾

𝜇i + 𝛽
�

2
xit + eit, qit > 𝛾

}

(7)yit = 𝜇i + 𝛽
�

1
xitI

(

qit ≤ 𝛾1
)

+ 𝛽
�

2
xitI

(

𝛾1 < qit ≤ 𝛾2
)

+ 𝛽
�

3
xitI

(

qit > 𝛾2
)

+ eit

Table 2  Panel unit root test results

Asterisks *, **, and ***, denote statistical significance at the 10%, 5%, and 1% levels, respectively

Variable Fisher-type test Conclusion Levin–Lin–Chu test Hadri LM test

IU 143.568*** Stationary − 2.326** 19.116**

MU 141.540*** Stationary − 4.440*** 11.973**

REL 96.756*** Stationary − 1.312* 12.782***

MC 117.963*** Stationary − 6.673*** 19.716***

ME 173.408*** Stationary − 6.803*** 10.489***

HC 227.343*** Stationary − 9.213*** 6.046***

TP 125.313*** Stationary − 2.590** 11.441***

FDI 203.347*** Stationary − 6.366*** 13.896***

FS 127.339*** Stationary − 2.062** 23.360***

DO 147.478*** Stationary − 4.547*** 16.015***
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5  Empirical results

5.1  The panel VAR model

Because panel data were used, non-stationarity might be a problem, so panel unit root tests 
were performed. The results indicated that we should reject the null hypothesis that all 
panels contained a unit root (Table 2). We used Fisher-type test to verify the stationarity 
of the data, nevertheless, for comparison and as a robustness check, we made calculations 
based on both Levin-Lin-Chu test and Hadri LM test. The model lag length was set to 1, 
as suggested by the tests (Table 3). The Granger causality test indicated two-way causal-
ity between MU and IU at a significance level of 1% (Table 4). To check whether changes 
in one variable explained changes in other variables, we performed variance decomposi-
tion; does shocking of one variable explain fluctuations in other variables? Table 5 shows 
the variance decomposition analysis. Most MU and IU variances are attributable to their 
own shocks; the explanations exceed 68.5%. The contributions of own-shocks to forecast 
error decrease over time. The effect of IU on MU is stronger than the effect of MU on IU. 

Table 3  Tests for lag

Asterisks *, **, and ***, denote statistical significance at the 10%, 5%, and 1% levels, respectively

Judging criteria Panel VAR(1) Panel VAR(2) Panel VAR(3) Panel VAR(4)

AIC − 9.281* − 9.052 − 8.661 − 8.310
BIC − 8.590* − 8.269 − 7.772 − 7.297
HQIC − 9.006* − 8.740 − 8.306 − 7.903

Table 4  Granger causality Wald 
tests of the panel VAR model

Equation Excluded Chi2 df Prob > chi2

h_MU h_IU 13.573 1 0.000
h_MU ALL 13.573 1 0.000
h_IU h_MU 10.546 1 0.001
h_IU ALL 10.546 1 0.001

Table 5  The estimated variance 
decompositions of the panel 
VAR model

Variable Period MU IU Variable Period MU IU

MU 1 1.000 0.000 MU 11 0.715 0.285
IU 1 0.012 0.988 IU 11 0.198 0.802
MU 3 0.934 0.066 MU 13 0.700 0.300
IU 3 0.051 0.949 IU 13 0.206 0.794
MU 5 0.850 0.150 MU 15 0.691 0.309
IU 5 0.104 0.896 IU 15 0.209 0.791
MU 7 0.785 0.215 MU 17 0.687 0.313
IU 7 0.151 0.849 IU 17 0.210 0.790
MU 9 0.742 0.258 MU 19 0.685 0.315
IU 9 0.181 0.819 IU 19 0.210 0.790
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Therefore, when developing the Chinese market economy, industrial upgrading should be 
prioritized. Figure 1 graphs the impulse-response functions and the 5% error bands gener-
ated via Monte Carlo simulations. Impulse responses show the effects of changes in one 
variable on changes in other variables. The effects are plausible. Similar to the above find-
ings, the own-effects of MU and IU were the greatest; the impact period is about 20 years.

5.2  Coupling coordination degree model

To reflect the extent of coupling co-ordination clearly between MU and IU, we use the 
uniformly distributed function method to define the interval and extent of coupling co-
ordination (Table 6). Our comprehensive evaluation of MU and IU data and the extent of 
coupling co-ordination between the two systems are shown in Table 7 (the latest data are 
from 2017). We show that 0.443 ≤ D ≤ 0.611; the coupling co-ordination between MU and 
IU thus lies on the border between imbalance and primary coordination. Beijing exhibits 
primary co-ordination, Shanghai to Hubei little co-ordination, and Chongqing to Ningxia 
near-imbalances. By the different MU and IU, each level of coupling co-ordination can 
be further divided into three types: Type 1: MU < IU; lagged MU (Beijing, Shanghai, 
Heilongjiang, Hainan, Liaoning, and Jilin); Type 2: MU = IU; synchronous development 
of MU and industrial upgrading; Type 3: MU > IU, lagged industrial upgrading (Jiangsu, 
Guangdong, Zhenjiang, and 21 other provinces). High-level industrial upgrading is associ-
ated with high coupling co-ordination between MU and IU, but most provinces lack indus-
trial support for MU. As shown by the panel VAR model, industrial upgrading should be 
prioritized. We use the average annual coupling co-ordination of the 30 provinces to derive 
an annual figure (Fig.  2). This increases over the years, from 0.378 in 2003 to 0.509 in 
2017.

Fig. 1  Impulse response functions of MU and IU 
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5.3  Panel threshold model

5.3.1  IU as the dependent and MU as the independent variable

The threshold results are shown in Table  8. REL, MF, and TP exhibited double-thresh-
old effects; ME, HC, FDI and FS single-threshold effects; and DO no threshold effect; we 
subjected the data to regression analysis (Table  9). In general, MU promoted industrial 
upgrading. When REL was either low or high, MU markedly promoted IU. When REL 
was medium, MU still promoted IU, but less so. During regional economic development, 
MU strongly promoted IU initially, then less so, then strongly once more. This reflects the 
“middle-income trap”. At the macro level, MU and the regional economy are significantly 
(positively) correlated. During early economic development, many rural residents moved 
to small towns. In 1990, China began to strictly control movement to large cities. Recently, 
China has continued to support urbanization but regional imbalances have emerged, with 
marked effects on industrial upgrading. The thresholds show that Beijing, Shanghai, 
Tianjin, and Jiangsu exhibit high levels of economic development; Zhejiang, Fujian, and 
Guangdong medium levels; and the remaining provinces low levels. The latter provinces 
must urgently transition to higher economic growth.

When MF is low, MU positively affects IU with a regression coefficient of 0.219. When 
MF is medium, MU still promotes IU, but the regression coefficient falls to 0.078. When 
MF is high, MU greatly hinders IU development; the regression coefficient is significantly 
negative at the 1% level. Thus, as market vitality weakens, the impact of MU on industrial 
upgrading changes from positive to negative. The proportions of employees in state-owned 
enterprises of Xinjiang, Beijing, Shanxi, Heilongjiang, Inner Mongolia, and Liaoning were 
medium and the proportions in the remaining provinces low. All regions, especially the 
former provinces, should diversify employment; this would enhance market vitality.

When TP is low, MU has no significant effect on IU. As technological innovation 
improves, the positive effect gradually increases from 0.137 at an intermediate stage to 
0.244 at a higher stage; agglomeration triggered by modern urbanization improves inno-
vative capacity and, thus, industrial upgrading. In terms of the thresholds, Guangdong, 
Jiangsu, Zhejiang, Beijing, Shandong, Fujian, Shanghai, Sichuan and Anhui exhibit high 
levels but the remaining provinces (especially Ningxia, Qinghai, and Hainan) low levels; 
the latter provinces must increase financial support for technological research and develop-
ment and urgently enhance their innovative capabilities.

Fig. 2  The MU and IU coupling co-ordination index; the dynamic evolutionary curve
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When ME, HC, and FS do not attain their thresholds, MU does not greatly promote 
IU; when the thresholds are exceeded, promotion increases. In areas with higher ME, HC, 
and FS values, MU more obviously promotes industrial upgrading. The ME values of 
Hainan, Ningxia, and Qinghai are below the thresholds. With the exceptions of Beijing 
and Shanghai, the HC values are all below the thresholds. The FS values of Anhui, Hunan, 
Shanxi, Shanxi, Guangxi, Yunnan, Jiangxi, Inner Mongolia, Heilongjiang, Guizhou, Xinji-
ang, Gansu, Ningxia, Qinghai, and Hainan are below the thresholds. These provinces must 
invest more in education, enhance human capital, and improve financial systems. In regions 
with lower FDI values, the promotion effect of MU on IU is 0.205. In regions with higher 
values, the figure is 0.104. The effect of MU on industrial upgrading is thus both dimin-
ishing and marginal. In terms of threshold, Tianjin exhibits a higher FDI. Therefore, it is 
necessary to both diversify foreign capital utilization and seek national (Chinese) capital.

5.3.2  MU as the dependent and IU as the independent variable

The threshold effects of the variables are shown in Table 10. ME, HC, TP, and FS exhibit 
double- threshold effects, REL and MF single-threshold effects, and FDI and DO no effects. 
On regression analysis (Table 11), industrial upgrading generally fosters MU. When REL, 
ME, HC, and TP do not attain their thresholds, the pull effect of IU on MU is smaller, 
increasing when the thresholds are exceeded. When MF does not attain its threshold, the 
pull effect is relatively large, becoming less when the threshold is exceeded. The expla-
nation is the same as that given above. Notably, when FS increases, the pull effect also 
increases. Thus, tertiary services and financial industries significantly promote MU, not 
only providing the necessary financial support for construction but also improving capital 

Table 9  The coefficients of the panel threshold model with IU as the dependent variable

Asterisks *, **, and ***, denote statistical significance at the 10%, 5%, and 1% levels, respectively

Variable Coefficient Standard error P value 95% confidence interval

MU (REL ≤ 0.060) 0.453*** 0.050 0.000 [0.354, 0.552]
MU (0.060 < REL ≤ 0.814) 0.272*** 0.023 0.000 [0.226, 0.318]
MU (0.814 < REL) 0.406*** 0.033 0.000 [0.341, 0.471]
MU (ME ≤ 0.099) 0.128*** 0.038 0.001 [0.053, 0.203]
MU (0.099 < ME) 0.183*** 0.025 0.000 [0.134, 0.231]
MU (MF ≤ 0.260) 0.219*** 0.019 0.000 [0.182, 0.257]
MU (0.260 < MF ≤ 0.571) 0.078*** 0.027 0.004 [0.024, 0.131]
MU (0.571 < MF) − 0.217*** 0.049 0.000 [− 0.313, − 0.121]
MU (HC ≤ 0.784) 0.212*** 0.020 0.000 [0.173, 0.252]
MU (0.784 < HC) 0.478*** 0.046 0.000 [0.388, 0.569]
MU (TP ≤ 0.020) 0.055 0.036 0.132 [− 0.017, 0.126]
MU (0.020 < TP ≤ 0.184) 0.137*** 0.024 0.000 [0.090, 0.184]
MU (0.184 < TP) 0.224*** 0.023 0.000 [0.180, 0.268]
MU (FDI ≤ 0.466) 0.205*** 0.021 0.000 [0.164, 0.247]
MU (0.466 < FDI) 0.104*** 0.035 0.004 [0.034, 0.173]
MU (FS ≤ 0.241) 0.150*** 0.023 0.000 [0.105, 0.196]
MU (0.241 < FS) 0.239*** 0.020 0.000 [0.199, 0.279]
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allocation efficiency and financial agglomeration effects; the role played by industrializa-
tion is weaker.

6  Conclusion and discussion

We analyze the relationship between Chinese MU and industrial upgrading using a panel 
VAR model, a coupling co-ordination model, and a panel threshold model; we input data 
collected in 30 provinces from 2003 to 2017. We derive strong evidence of a bidirectional 
relationship, but the effect of industrial upgrading is the greater. Overall coupling co-
ordination increases annually, but there are large differences between regions. Provinces 
with high-level industrial upgrading exhibit high-level coupling co-ordination. Industrial 
upgrading should be prioritized. The relationship between urbanization and industrial 
structure in developing countries is complicated, being affected by regional economic 
level, material capital, the market environment, human capital, technological progress, for-
eign direct investment, financial support, and the extent of openness. These have implica-
tions for policies relating to China’s economic development in the new normal.

China also needs to continue its efforts in many aspects. Firstly, when adjusting indus-
trial structure, rationalization and sophistication require equal attention; industries must 
exploit local comparative advantages and the developmental levels of modern cities, rather 
than overemphasize the proportion changes of three industries; modern industrial system 
driven by innovation should be established to enhance China’s position in the global value 
chain. Secondly, the urban layout must be people-friendly, with careful consideration of 
resources and environmental carrying capacity, and promote the coordinated development 
of large, medium, and small cities/towns. Finally, in order to achieve high-quality economic 
development, the threshold effects of influencing factors should be removed. In terms of 

Table 11  The coefficients of the panel threshold model with MU as the dependent variable

Asterisks *, **, and ***, denote statistical significance at the 10%, 5%, and 1% levels, respectively

Variable Coefficient Standard error P value 95% confidence interval

IU (REL ≤ 0.153) 0.276*** 0.071 0.000 [0.138, 0.415]
IU (0.153 < REL) 0.723*** 0.064 0.000 [0.597, 0.849]
IU (ME ≤ 0.045) 0.121* 0.067 0.071 [− 0.011, 0.253]
IU (0.045 < ME ≤ 0.218) 0.432*** 0.061 0.000 [0.313, 0.552]
IU (0.218 < ME) 0.781*** 0.058 0.000 [0.666, 0.895]
IU (MF ≤ 0.091) 1.177*** 0.093 0.000 [0.995, 1.359]
IU (0.091 < MF) 0.816*** 0.093 0.000 [0.634, 0.998]
IU (HC ≤ 0.235) 0.024 0.081 0.767 [− 0.135, 0.183]
IU (0.235 < HC ≤ 0.392) 0.389*** 0.070 0.000 [0.252, 0.525]
IU (0.392 < HC) 0.791*** 0.064 0.000 [0.666, 0.916]
IU (TP ≤ 0.013) 0.102 0.079 0.200 [− 0.054, 0.258]
IU (0.013 < TP ≤ 0.072) 0.548*** 0.072 0.000 [0.405, 0.690]
IU (0.072 < TP) 0.766*** 0.067 0.000 [0.635, 0.898]
IU (FS ≤ 0.020) − 0.062 0.069 0.374 [− 0.197, 0.075]
IU (0.020 < FS ≤ 0.097) 0.310*** 0.065 0.000 [0.182, 0.438]
IU (0.097 < FS) 0.677*** 0.058 0.000 [0.562, 0.791]
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economic development, China should actively develop high-tech industries, foster new 
sources of economic growth, continue to deepen supply-side structural reforms, improve 
the quality of products and services, and reduce market transaction costs. Also, China 
should use the Internet platform to develop e-commerce, analyze users’ preferences and 
purchase intentions based on big data, realize the matching between customers’ purchases 
and product sales, and promote consumer chain upgrading. In addition, China should give 
stronger protection to intellectual property rights, expand technical cooperation with for-
eign companies, and reduce the gap with developed country as soon as possible. Workers 
must use the digital economy to enhance learning and achieve diversity. Furthermore, the 
government must enhance market vitality and further optimize the business environment; 
education requires more investment, human capital must be fostered, and employees must 
receive on-the-job training to allow them to develop essential high-quality skills. Foreign 
investment must be used more diversely, the capacity for independent innovation and intel-
lectual property protection improved, and the production-study-research chain enhanced to 
rapidly connect technological research to industrial upgrading. An inclusive and sustain-
able rural finance industry is very desirable.

Urbanization in developing and developed countries differ. Developing countries 
urbanize both by expanding natural resources and via traditional industrialization. Most 
provinces in China exhibit rapid urbanization, weak industrial upgrading, and a lack of 
industrial support. The coal resources of Shanxi facilitate resource-led urbanization. Our 
empirical results will allow of more detailed analyses of urbanization and the inter-provin-
cial spillover effects of urbanization and industrial upgrading.
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