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Abstract
Three topics, “the convergence of the economic
growth”, “the influences of regional industrial
development strategies to the economic development”,
and “spatial effects in regional growth” are studied in
the empirical analysis. Spatial panel data model and
the nonnested tests of spatial structure are first used in
the studies of China cities’ spatial structures. Empirical
results show there are β-convergences in “Changsanjiao”
and “Huanbohai” districts during 1990-1998 and the
adjustments of the regional industrial development
strategies adapting to the regional endowments play
important parts in the economic growth. Meanwhile, the
growths of the cities in the three districts have significant
spatial effects that cities with similar per capita GDP
levels promote each other in their growth processes.
Key words : Spatial convergence; Strategies of
regional industrial development; Spatial effects

Résumé
Il y a trois thèmes, qui sont ‘‘la convergence de la
croissance économique’’, ‘‘les influences de stratégies
régionales en matière de développement industriel au
développement économique’’, et ‘‘Les effets spatiaux
de la croissance régionale’’ sont étudiés dans l’analyse
empirique. Les données de la Spatiale en modèle de panel
modèle et les tests non emboîtés de la structure spatiale
sont d’abord utilisées dans les études de structures
spatiales de la Chine des villes. Les résultats empiriques
montrent qu’il ya des convergences dans ‘‘La Zone
triangulaire’’ et la zone de ‘‘Huanbohai’’ au cours de
1990-1998 et les ajustements des stratégies régionales
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de développement industriel à s'adapter à des dotations
régionales jouent des rôles importants dans la croissance
économique. Pendant ce temps, les croissances des villes
dans les trois districts ont d'importants effets spatiaux que
les villes avec des niveaux similaires par PIB par habitant
de promouvoir les uns des autres dans leurs processus de
croissance.
Mots clés: Convergence spatiale; Stratégies de
développement industriel régional; Effets spatiaux
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INTRODUCTION
The topic that whether China’s economic growth has
convergence according to neoclassic theory has been
analyzed in a lot of papers. Nevertheless, most of
these studies focus on the data of provinces while the
cities have not been paid much attention. The accepted
conclusion about convergence between provinces in
China is as follows: Convergence of economic growth
happened before 1990, and the provinces diverged from
each other after that. Meanwhile, in the east, middle, and
west provinces, there are conditional β-convergences
separately. That is to say, China’s provinces have club
convergences (see Lin & Liu, 2003; Liu, Wei & Li, 2004).
Some papers tried to give explanations why the club
convergences happen. Cai & Du (2000) argued that human
capital was the most important one. Peng (2005) made an
empirical analysis about the TFP and the divergence of
these provinces’ growth. Fan and Zhang (2003) pointed
out that the differences of labor payments could give an
explanation.
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The empirical results cannot give explanations about
two problems. One is the lack of systematic analysis about
the reason why the convergence happens (see Liu, 2001).
The papers focus on the differences at the beginning of
the development rather than the process, which gives
rise the lack of discussion about why there is or is not
convergence. The other is the lack of the spatial analysis
about the process of growth, while regions close to each
other have positive or negative spatial effects.
To answer the first question, Lin (2002a, 2002b) points
out, according to the neoclassical theory’ assumption that
the enterprises have internal viability, theories cannot give
explanation about the transforming nations, including
China, not having convergence during their developing
efforts. Different level of privatization, the inequality of
distribution of the FDI across provinces, division of the
markets and the huge gap of the investments between the
east and the west of China cannot offer a convincing story
why the disparity of the east and the west China keep
growing (see Lin & Liu, 2003).
According Lin’s theory, the choice of different
strategies about growth will give rise to whether the
enterprises will make their internal viability, therefore
make the important reason that the convergence will
happen. If the strategy conforming to the resource
endowment is chosen, the growth process will follow
the market economy path and enterprises will make
profits. And there will be less distortion about the
prices of factors, so the viability of the enterprises will
be developed during the growth. The enterprises with
viability will make more profits in the market and will be
more viable in the upgrading of the structure of industries
and factors, which makes an important reason for the
economic convergences (see Lin, 2002a, 2002b). The
comparative analysis cross different countries (see Lin,
2002a) and between the provinces across China (see Lin
& Liu, 2003; Lin & Liu, 2003) show that the different
choices about the development strategies make different
impacts on the convergence of the economy.
To answer the second question, Magrini (2004) points
out that, with the regression methods used to discuss the
convergence problem, the spatial influences or spatial
effects are often be paid no attention, which will have
important structural influences on the neighboring regions.
The spatial effects on the economic convergences have
just come into notice on the Chinese regional analysis
(see Lin, et al., 2005, 2006; Wu, 2006). However, these
analyses on China regional convergence with spatial
effects taken into account pay less attention about two
problems. One is lack of discussion about the setting
of different spatial structures. The other is lack of the
comparisons and tests between spatial matrix those are
used to describe the spatial structures.
One more issue we have to point out is that those
analyses based on the neoclassical theory about growth

Copyright © Canadian Academy of Oriental and Occidental Culture

use the models to study the convergences across countries,
which have some differences with the models adopted
to analyze the problems across regions. Compared to the
countries’ case, the regional growth has less disturbances
about the flow of productive factors, and what is more,
the law, culture, language or institution will not play the
same obstructing part. That is to say, the spatial influences
between regions will have more effects on the growth
convergence problems (see Magrini, 2004). Meanwhile,
regions close to each always have similar economic
endowments which will be in accordance with the
neoclassic theory than countries.
In this paper we show that, strategies on industrial
development and the viability of the enterprises will not
only have impacts on the economic growth, but the growth
has spatial effects. Compared to all the regions across
China, in several typical regions, such as Changsanjiao,
Zhusanjiao, and Huanbohai, the spatial influences make
more obvious effects about convergence.
Three most important regions, Zhusanjiao,
Changsanjiao and Huanbohai, which have 9, 16 and
13 cities respectively, are taken into consideration
using the data from 1990 to 2009. Three problems are
investigated in this paper. First, do the different choices
of industrial strategies make effects on the economic
growth and convergence? Second, if the effects exist, do
they have spatial influences? And the third problem is
that, if the spatial effects exist, are they complementary
or competitive, that is, are the spatial effects positive or
negative?

THE INDUSTRIAL DEVELOPMENT
STRATEGIES
We first consider the technical choice index (TCI) using
the method given by Lin (see Lin, 2002a; Lin & Liu,
2003), as an indirect measure of the choice of industrial
strategies of the cities in the three regions. That is,
(1)

TCI 

K C LC
K L

where K and L represent the capital stock and labor
of the whole society, while K C and L C represent the
capital stock and labor of the manufacturing sector. The
level of capital stock per labor gives a measure of the
endowment of capital and the corresponding ratio of the
manufacturing sector represents the preference of the
industrial development strategy. Lin supposes there is
an optimal strategy, TCI*, corresponding to the capital
endowment. Therefore
(2)

DS  TCI TCI *

measures the divergence from the optimal strategy
using the ratio of TCI.
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There are several methods to calculate the numerator
of formula (1). The data of manufacturing sector were
used by Lin (2002a) in the study across countries. Lin
and Liu (2003) used the data of the secondary sector to
analyze the provincial case of China. In this paper, we
take the data of industrial enterprises into account. The
depreciation rate is 10% according to Lin and Liu (2003)
while the investments of the cities are turned into capital
stock and the prices are fixed at the 1990 level.
From 1990 to 2009, the TCIs of Changsanjiao,
Zhusanjiao and Huanbohai are generally falling. That is to
say, in the three regions, the industrial structures are being
adjusting according to their endowments.

D E V E L O P M E N T S T R AT E G I E S A N D
S PAT I A L E F F E C T S : E M P I R I C A L
RESULTS
To reveal how the technical choices and their spatial
effects influence the economic growth, we make empirical
analysis using spatial penal data model in this section.
The basic forms of the cross-sectional spatial
econometric models are spatial autoregression model and
spatial error model (see Anselin, 1988, 2001).
The cross-sectional spatial autoregression model is
written as

2

where ε has the normal distribution N [0, ve ] , y is
the dependent variable as a N*1 column vector, X the
nonconstant explanatory variables as a N*K matrix. W
is a N*N matrix which describes the spatial structure
with diagonal elements zero. The sample’s number is N
and the nonconstant explanatory variables’ number K.
[ a, t, b', v2 ] 'is the set of parameters to be estimated.ρis
the spatial parameter with the constriction t ! (- 1, 1) .
The cross-sectional spatial error model is written as
y = a + Xb + f
f = mWf + n

where μ has the normal distribution N [0, vm] , and λ is
the spatial parameter with the constriction m ! (- 1, 1) .
The spatial autoregression model and the spatial error
model show different influences of the spatial structures
(see Anselin, 2001, 2003). The spatial autoregression
model shows that there is spatial substantive dependence,
which can be seen clearly from the simplified model of (3)
written as
2

-

(6) y = a + Xb + (I - mW) -1 n
Though the multiplier effect although exists, the
spatial structural influence cannot be observed. Therefore,
the specification tests are meaningful for different spatial
models show different patterns of the spatial effects and
the different policies.
The mostly used method for the spatial specification
starts from a structural spatial matrix which is given
exogenously. Nevertheless, this method often leads to
the misuse of the spatial matrix (see Sun, 2009). So we
use the nonnested tests given by Sun and Li (2008) to
discriminate different matrix representing geographical or
economic influences.
Let W = [wij] N be an exogenous N*N matrix, where
wij represents the jth sample’s influence on the ith
sample. The matrix is standardized by row (see Anselin,
1988). In this paper, we use two different spatial matrix,
the geographical matrix and the economic matrix. In the
geographical case, if the two cities are neighbors, we
set wij  1 , otherwise wij  0 . In the economic case,
we use the method given by Lin et al. (2006), setting
w  1 | Y  Y | , where Y is the average GDP of the
ij

(3) y = a + tWy + Xb + f

(4)

t h e m a t r i x (I - tW) -1 , w h i c h o b v i o u s l y h a s a n
multiplier effect (see Anselin, 2003). Meanwhile,
the spatial error model shows that there is spatial
nuisance dependence, and the simplified model is

-

-

(5) y = (I - tW) 1 a + (I - tW) 1 Xb + (I - tW) 1 f
The spatial influences are transmitted with
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i

j

i

city i. That is to say, in the economic case, the more close
the level of economic development, the bigger impact of
the spatial effects.
The spatial panel data model used in the empirical
analysis is
(7) loggit

= ait + bit logyit + cit logDSit + Wi Xit + fit

which is a fixed-effect model.

i  {1, 2,3} represents

the Changsanjiao, Zhusanjiao and Huanbohai regions.
For the TCI index has a breaking point at 1998 out of
the economic data, we use t=1 for 1990-1998 and t=2
for 1998-2009. g it represents the growth rate of the real
per-capital GDP. yit is the level of the real GDP at the
beginning of the time, that is 1990 and 1998 separately.
DSit is given by formula (2) and X it the control variables.
S i n c e DSit  TCI it TCI * a n d TCI * i s
unobservable, we use the method given by Lin (2002a)
resetting the model as
(8) loggit

= hit + bit logyit + cit logTCIit + Wi Xit + fit

where hit = ait - cit logTCI * the fixed-effect.
The control variables which describe the social and
economic characters of the region are given by follows:1,
the investment rate, using the ratio of the investment and
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GDP; 2, openness, using the output ratio of the foreign
enterprises and the native enterprises; 3, human capital
level, using the number of teachers every 100 students; 4,
urbanization level; 5, market capacity, using the popularity
density every square kilometers; 6, government control,
using the proportion of civil servants.
Model (8) is a conditional β -convergence model with
control model. Meanwhile, an absolute convergence
model is also considered, that is
(9)loggit

control model is also taken into consideration as a
contrast.
(10) loggit

= hit + bit logyit + cit logTCIit + fit

We first make regressions of model (9) and (10) and
the results are shown in table 1 and table 2. We find
that the three regions have no absolute β -convergence.
Meanwhile, if we only take the technical choices of
strategies into account, Changsanjiao and Huanbohai have
no β -convergence in 1998-2009, and Zhusanjiao has no
β -convergence in 1990-2009.

= hit + bit logyit + fit

and a conditional β -convergence model without
Table 1
Absolute Convergence Analysis of Model (9)
Changsanjiao

Zhusanjiao

Huanbohai

1998-2009

1990-1998

1998-2009

1990-1998

1998-2009

1990-1998

Initial GDP

0.0043
(0.0792)

0.0054
(0.0761)

0.0547
(1.3288)

-0.0097
(-0.2408)

0.0902
(1.5521)

-0.0916
(-1.2584)

Interception

1.0321

1.0993

0.9134

1.1559

0.7098

1.3704

R2

0.5861

Adjusted R2

0.5149

Table 2
Conditional Convergence Analysis with TCI of Model (10)
Changsanjiao

Zhusanjiao

Huanbohai

1998-2009

1990-1998

1998-2009

1990-1998

1998-2009

1990-1998

Initial GDP

0.0088
(0.2415)

-0.1235
(-2.1519)

0.0876
(3.1294)

-0.029
(-0.696)

0.1043
(2.6498)

-0.2091
(-3.8131)

TCI

-0.0755
(-1.233)

-0.1436
(-3.9499)

0.2526
(6.3996)

-0.0412
(-0.6071)

0.1931
(2.2442)

-0.1587
(-4.6503)

Interception

1.0175

1.6066

0.7674

1.2434

0.6415

1.8601

R2

0.8322

Adjusted R2

0.7831

Table 3
P-Value of the Specification Tests
p-value

Moran I

Error

Autoregression

Geographical

0.0773

0.6653

0.7359

Economic

0.0511

0.7696

0.018
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The conditional convergence of model (8) is regressed
then. We first make the specification tests of the different
spatial structures and the result is given in table 3. On the
significance of 10%, we cannot reject the assumption that
the growth rate of GDP has economic structure, while
cannot reject the assumption that there is geographical
structure either. Using the LM test given by Anselin and
Florax (1995), in the economic structure model, we reject
the assumption of nonexistence of autoregression while
cannot reject nonexistence of error effect. Therefore, the
economic model is specified as the spatial autoregressive
model. In the geographical structure model, we cannot
reject the assumption of nonexistence of autoregression,
while cannot reject the nonexistence of error effect either.
That is to say, if the geographical structure is taken into
consideration, the model cannot be specified as spatial
error model nor spatial autoregressive model.

The regression model is finally specified as
(11) loggit

= tWloggit + hit + bit logyit + cit logTCIit
+ Wi Xit + fit

where W is the economic spatial matrix. Model (11)
is a spatial fixed-effect autoregressive model (see Elhorst,
2003). The method used here is the maximum likelihood
estimation and the results are given in table 4.
With the nonnested test of Sun & Li (2008), the
estimation errors of model (11) are tested using the
geographical matrix and resulting the p-value 0.2502,
which tells us that, once the economic structure is
taken into consideration, the geographical effect is no
longer significant. That is to say, the information of the
geographical structure is contained in the economic
structure.

Table 4
Regression Results of Model (12)
1998-2009
Changsanjiao
Interception

Initial GDP

TCI

1990-1998

0.846

(4.727)

1.481

(7.027)

Zhusanjiao

0.473

(2.644)

0.939

(4.878)

Huanbohai

0.449

(2.611)

1.561

(7.501)

Changsanjiao

-0.023

(-0.669)

-0.179

(-3.457)

Zhusanjiao

0.075

(1.760)

-0.035

(-0.907)

Huanbohai

0.079

(1.948)

-0.209

(-4.245)

Changsanjiao

-0.089

(-1.693)

-0.142

(-4.982)

Zhusanjiao

0.257

(7.317)

-0.039

(-0.654)

Huanbohai

0.201

(2.800)

-0.144

(-4.173)

Investment ratio

-0.073

(-1.436)

Openness

0.007

(3.214)

Human capital

0.068

(1.026)

Urbanization

0.029

(0.867)

Market capacity

-0.002

(-0.089)

Government control

-0.980

(-0.980)

Spatial parameter

0.330

R2

(3.002)
0.869

Adjusted R2

0.811

Likelihood function

219.086

The empirical analysis leads us to the following
results:
(I) In the empirical model the three regions show
economic spatial effects, and the spatial structure
is autoregressive. The spatial effects have positive
parameters shows that, the cities which have faster
economic development will make positive influences
on the neighboring cities. The autoregressive structure
implies a multiplier effect, that is to say, the positive
spatial influences will widely spread across cities close to
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each other.
(II) The economic structure rather than the
geographical structure implies that the cities with
economic development levels similar to each other have
some kind of imitating effect, which shows the healthy
competition across cities exist in the regions.
(III) The conditional β-convergence only exists in
Huanbohai and Changsanjiao during 1990-1998. The
economic growth has some kind of negative relationship
with the TCIs when the convergence happens, which
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supports Lin’s views, that is, the adjustment of the
industrial structure according to the endowments is an
important reason to make the convergence happen.
(IV) Only the openness of all the control variables is
significant, which implies that in the regions, the cities’
characters are similar to each other. This leads to the
conclusion that out of the similarity, the characters cannot
give a convincible explanation about the difference of
growth ratio, which meets the view of Magrini (2004).

CONCLUSIONS
Spatial panel data model is used in this paper for the
analysis of Changsanjiao, Zhusanjiao and Huanbohai
regions about the topic of economic convergence and the
spatial effect, while the different choices of industrial
strategies will significantly influence whether the
convergence happens.
Empirical results show that the conditional
β-convergence happens in Changsanjiao and Huanbohai
during 1990-1998. The adjustment of the industrial
strategies represented by the TCI gives an important
explanation about the convergence. Meanwhile, in each
region, there is significant spatial effect between the cities.
The spatial effect is constituted by kind of economic
structure to motivate healthy competition and there is
multiplier effect to make the influences spread across
cities.
Two policy suggestions are given according to
the analysis. First, to reduce the growth gap between
the cities, the industrial strategies should be adjusted
according to the endowments to make the convergence
happen. Second, the Changsanjiao, Zhusanjiao and
Huanbohai regions have significant economic spatial
effects. Encouraging healthy competition between the
cities at the similar level of economic development will
make better use of the spatial effect.
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