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Abstract

Rapid economic reforms and proper GDP growth in China has affected the regional 
development of Chinese provinces. This study aims to estimate the degree of economic 
and environmental disparities within Chinese provinces for developing policy recom-
mendations of regional transformation. The reduced log-linear specification of endog-
enous growth model is used for the estimation of convergence rates within Chinese 
provinces. The empirical results prove that an increase of 1% in GDP per capita basic 
year reduces the economic growth rate by 0.1% in the reference year. Thus, the ratio 
of the average per capita income in the wealthiest group to poorest provinces account-
ed for the factor 9.6 in 1995 and factor 4.1 in the year 2015, which means a reduc-
tion of disproportionate development. Environmental convergence trends were also 
found and less polluted provinces eventually increase emissions at higher rates than 
the initially polluted ones. With the pass of time, all provinces do move to the same 
steady state in environmental parameters. The speed of the economic and environ-
mental convergence in China provinces is rather slow, and the economic growth was 
achieved by great sacrifices of an environment, since all provinces are striving to the 
same steady state in terms of pollution increase. The industrialized regions due to the 
presence of significant financial resources should pay more attention to the protection 
of the environment using all the available economic potential. At the same time, both 
initially poor provinces and rich have to develop more profoundly agriculture, tour-
ism, recreation, and other environmentally friendly industries to improve economic 
performance. 
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INTRODUCTION

Since the last forty years, the macroeconomy of China has proved 
good operating activities, however, significant differences of growth 
rates and income inequality among different provinces could influ-
ence the economic performance and social stability of China itself. 
Regional development in China has recently attracted the attention of 
many economists both in China and outside the country. Researchers 
are discussing how economic reforms have affected regional develop-
ment and decreased disparities of Chinese provinces.

During the 25 years of reforms, the real GDP of China has increased 
in 6 times, with average annual growth 9.4%. The labor productivity 
has been three times increased. China has put an economic goal of 
four times increase of GDP till 2050 compared to 2000. This is a chal-
lenging goal, the realization of which will make China the powerful 
economy as the US and the EU today. According to Dervis (2012), by 
2025–2030 many emerging market economies will be much closer to 
those of the advanced economies and the Chinese economy will be-
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come the largest in the world. The accelerated pace of China’s development over the past 20 years has 
been the result of excessive use of natural resources and environmental violations. For example, in 2008, 
the contribution of China in the world economy was about 5-6%, while consumption of steel, cement, 
and other materials amounted to one-third of the world total, and the use of coal, copper, and iron were 
the highest in the world. Concerning oil consumption and electricity, China is the second economy, the 
first in the U.S. Before the start of economic reforms in 1978, the Chinese economy was ninth in the 
world by nominal GDP. Currently, in 2017, the Chinese economy is the second largest in the world with 
14.9% of world GDP. The first place is taken by US economy with USD 19.4 trillion or 25% of the world 
GDP. It should be noted that the start of Chinese reform has targeted the economic growth and little 
attention was paid to the disequilibrium in regional development. The history of Chinese reforms is 
usually divided into three big periods. The first period 1978–1991 was marked by starting rural reform, 
the origination of private businesses, deregulation of state-owned enterprises, the creation of special 
economic zones. The second period 1992–2006 promoted the social market economy creation. The mot-
to of the period was “to create on the base of state-owned enterprises the system of competitive business-
es”. However, after that, the situation relating to regional disparities has been changed. The third period 
started with the beginning of eleventh five-year plan in 2006, with the main idea of leveling regional 
development, decreasing the per capita income difference, decreasing economic differences between 
city and village, solving social, ecological problems, promoting energy saving. 

This paper reviews the relevant literature on economic and ecological convergence debate in China and 
provides new evidence of empirical regional disparity/convergence issues in China. This study aims to 
determine the degree of economic convergence and environmental development within one country 
and develop practical recommendations to transformation changes of the Chinese economy.

1. ANALYSIS OF RECENT 

PUBLICATIONS

A significant contribution to research on regional 
economic growth and convergence was made by 
such scholars as Chen and Fleisher (1996), Barro 
and Sala-i-Martin (2004), Miller and Gench 
(2005), Manasan and Mercado (1999), Morrison 
(2012). The scientists have analyzed the method-
ology of the research process of economic conver-
gence and the fundamental problems of regional 
development. The paper by Perotti (1996) ana-
lyzes several channels linking income distribu-
tion, institutional factors, and economic growth. 
The first two channels are related to social/polit-
ical stability and to educational attainment in a 
country. The third is related to the borrowing ob-
stacles and investments in human capital.

The concept of economic convergence is mainly 
developed on the international level, when a do-
mestic country is compared to the group (club) 
of selected economies. In this regard, the paper 
by Jong-Wha Lee (2017) describes the essential 
milestones of China’s economic system on its 
convergence way to the group of developed econ-

omies. Among the critical factors are a high share 
of investments, improvements in human capital, 
high international openness and institutional 
factors improvements. Li et al. (2018) uses the log 
t convergence test combined with a probit mod-
el to figure out the convergence clubs in China 
over the period 1992–2010. The results proved 
the existence of six convergence clubs for 2,286 
counties. The key important factors responsible 
for convergence clubs are per capita fixed assets, 
population density, and industrialization levels.

The concept of environmental convergence was 
broadly discussed for the carbon dioxide (CO2) 
emissions including such papers as Westerlund 
and Basher (2008), Lee and Chang (2008), Jobert, 
Karanfil, and Tykhonenko (2010) with per capi-
ta emissions as a main indicator of convergence. 
According to the research of Camarero, Castillo, 
Picazo-Tadeo, and Tamarit (2013), it was found 
that for a panel of 22 OECD countries over the 
period 1980–2008, there exist a carbon dioxide 
(CO2), and sulfur oxides (SOX) emissions con-
vergence. While it was proved that there was no 
nitrogen oxides (NOX) convergence within the 
sample. There was found more progress in the 
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OECD countries convergence for carbon dioxide 
indicators due to more strict environmental reg-
ulations. The OECD countries tend to form clubs 
in eco-efficiency with different steady states. Thus, 
most environmentally efficient states are forming 
the clubs by themselves, while the other states are 
building their eco-efficiency clubs by themselves. 
Strazicich and List (2003) performed similar re-
search with panel data for 21 developed coun-
tries over the period 1960–1997, and conditional 
carbon dioxide convergence was found. Lee and 
Chang (2008), using panel of seemingly unrelated 
regressions and implementing augmented Dickey-
Fuller tests to identify unit roots in the sample of 
21 OECD countries over the period 1960–2000, 
have found divergence within 14 OECD mem-
ber states. Also, using the long-run data between 
1870 and 1985, it was proved by Pritchett (1997) 
that the ratio between the rich and the emerging 
countries has six times increased.

Jakob, Haller, and Marschinski (2012) using dif-
ference-in-differences estimations for the panel 
of 51 developed/developing countries over the 
period 1971–2005 have found that developing 
countries are moving towards the global aver-
age in economic and environmental indicators. 
The empirical model estimates the influence of 
per capita primary energy consumption growth 
rates on per capita incomes. The research proved 
that for average developing country movement to 
certain economic steady states implies the simi-
lar change in energy use convergence pattern. As 
for the developed economies, there were found 
no interrelations between rates of economic de-
velopment and energy consumption rates, which 
proved the idea of decoupling between growth 
and the environment. That is the most advanced 
and rich economies can support their develop-
ment without a significant increase in energy 
consumption, while the developing economies 
are converging to better income levels by more 
energy intensive paths.

There are the papers (Schäfer, 2005; Sotnyk, 2016), 
which link the structural changes in the eco-
nomic system and shift in energy consumption 
(decrease of energy consumption and carbon di-
oxide emission in the residential sector and in-
crease of energy consumption in the transporta-
tion sector). As for the industry, it was found an 

inverted U-shape form of income rise and indus-
trial sector development. Thus, the papers men-
tioned above create an expectation of economic 
and ecological convergence within a single do-
mestic economic system.

According to Wu (1999), there is an ongoing inter-
est in the efficiency of China’s economic reforms 
concerning regional disparities, and between 1953 
and 1997, it was found that regional differences 
were most extensive in the end of the 1960s. Later 
on, with a start of economic reforms, the Chinese 
regional economies were converging to some 
steady state in terms of economic development. 
The convergence was higher in the 1970s and early 
1980s. According to Shen, Ruiqiang, and Nan Yi 
(2018), there is a significant difference in Beijing 
counties from 1994 to 2004. The key recommen-
dation of research stated that lagging counties of 
Beijing have to develop their economies inten-
sively based on regional advantages and resource 
availability. The proper economic instruments for 
such policies are tax reduction steps and chang-
es in the tax system to harmonize the economic 
growth within Beijing counties. Among the vi-
able steps for undeveloped Beijing, counties are 
servicing industry promotion, including tourism, 
banking, insurance, and community serving.

There two directions that link economic per-
formance and economic convergence. The first 
direction according to Galor and Zeira (1993) 
states that economic convergence in terms of in-
come distribution leveling does not necessarily 
lead to improved economic achievements. The 
second path moves from the better financial re-
sult to more equal levels of incomes (individual 
or regional).

2. METHODS

There is a repeated interaction between economic 
reforms and economic convergence in developing 
economy. Thus, according to Wang (2015), eco-
nomic convergence is moving on until the bottle-
neck is achieved, then some institutional reforms 
are required to start another wave of convergence. 
Having analyzed China, Russia, and India from 
1993 to 2003, Badunenko and Tochkov (2010) have 
proved that wealthy regions in each country are 
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responsible for the economic growth of the whole 
country. Moreover, the technological improve-
ments are the basis for the economic prosperity of 
rich regions rather than poor ones. Consequently, 
the divergence in technological progress in dif-
ferent regions leads to income divergence in all 
three counties. The logarithmic values of GDP at 
Chinese provinces are presented at Figure 1.

Nevertheless, even if the considered econom-
ic goals will be achieved, it is still necessary to 
solve many challenging problems. Among the 
most urgent are employment, ecological issues 
(Pimonenko et al., 2018), scarcity of many natu-
ral resources (first of all arable lands, pure water, 
etc.), educational system and health care system 
(Shkarupa & Kharchenko, 2017; Sotnyk & Kulyk, 
2014). This and many other factors not only stim-
ulate the growth of economic potential, but al-
so harm to achieving new challenges. Currently, 
China spends most of the resources on the pro-
gram of technological development, and re-
gions with the well-developed infrastructure can 
strengthen theirs position on the global market.

The OECD paper “Going for Growth” (Economic 
policy, 2012) directly suits the current China prior-
ities both in an economy and natural environment, 
promoting long-run growth and a number of them 
would also boost Green Growth and contribute to 
environmental sustainability. Recently the respon-
siveness to “Going for Growth” priorities in China 
becomes a pro-Green Growth in many sectors.

We consider the need to integrate the processes of 
environmental and economic convergence of re-
gional development in order to develop effective 
measures and mechanisms for the implementa-
tion of a balanced regional economic policy. In 
general, ecological and economic convergence 
means leveling the economic and environmental 
potentials in different areas through the realloca-
tion of financial resources.

For China, the question of convergence within the 
country’s economic and environmental perfor-
mance is an important factor in reducing disequi-
librium between individual regions and equaliza-
tion the quality of life in different areas. Also, it 
should be noted that the difference between east-
ern and western provinces of China in terms of 
GDP per capita in 2000 was about three times.

To analyze the convergence path of some region 
within time series, the coefficients are most often 
used, among them unweighted/weighted coeffi-
cient of variation, Gini index, and Theil index. The 
abovementioned indexes are calculated as follows:

Weighted coefficient of variation – 
( )2

,
iY Y n

Y

−
∑  

Theil index – 

log

,

i
i

Y
Y

Y

nY

 
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Figure 1. The logarithmic GDP of Chinese regions in 1995 and 2015 (real prices of 1995)
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The positive side of such indexes is easiness of in-
terpretation and calculation, while the negative 
side is that they don’t enable the dynamic analysis, 
which would encompass several decades within 
the single empirical model. 

In empirical researches, there are three main ap-
proaches to estimate convergence: sigma-conver-
gence, absolute beta-convergence, and condition-
al beta-convergence. Historically, according to 
Sala-i-Martin (1994), first appeared sigma con-
vergence approach, which deals with variances 
for the different indicators across time for spe-
cific groups of countries (regions). Absolute con-
vergence means a common steady state in eco-
nomic indicators. 

Conditional beta-convergence means that it is 
not possible to achieve unique steady state by 
all regions due to the differences in natural re-
source availability and historic achievements. 
Conditional convergence means separate steady 
states for different territories. 

A theoretical concept of economic convergence 
in GDP per capita parameters was developed at 
neo-classical macroeconomics by Solow (1956) 
and Koopmans (1965). Practically most widely 
used was the linearized form for estimation con-
vergence, which was discussed in Sala-i-Martin 
(1994), Manasan (1999), Miller (2005), Melnyk et 
al. (2016) and presented as:

( ),

0 1 ,0

,0

ln ln ,
i T

i i

i

y
y u

y
β β

 
= + +  

 
 (1)

where 
,0iy  and 

,i Ty  are the initial income and in-
come at the end of the period considered, T  is the 
length (years) of the period, 

1β  is the convergence 
rate per annum, 

0β  is the intercept and 
iu  is the 

error term. Subscript T  means last/end period, 
while 0 means an initial/zero period. 

This linearized version (1) considers the impact 
of most important indicators while depressing 
the less economically significant. On the oth-
er hand, the advantage of this specification is 
a possibility to evaluate the rate of convergence 
between provinces. In formula (1), if 

1 0,β <  this 
means that more prosperous provinces grow at 

a lower speed, and economic convergence is 
clearly observed. Otherwise, if 

1β  is more than 
zero, it implies that richer provinces are devel-
oping at higher rates. Additionally, it is needed 
to mention that the results of the logarithmic 
model are elasticities, and this means that 1% 
change in the independent variable contributes 
to 

1%β  change in the dependent variable.

We believe that economic divergence of regions 
can cause significant migration within the coun-
try due to the economic potential difference be-
tween per capita incomes in different regions of 
the country. Similar situation is observed con-
sidering the absence of ecological convergence 

– regions with less assimilative capacity and ac-
cordingly more specific indicators of pollution 
perform nature destructive economic activity 
much faster than regions with significant as-
similative capacity and respectively lower spe-
cific indicators of pollution areas. As the lack of 
economic convergence, the lack of environmen-
tal convergence does not meet the conditions of 
sustainable development concept of the country.

Mishenin et al. (2018) prove the necessity of in-
dustrial ecology and logistics for regional sus-
tainable development fostering. In addition, in 
their paper, Kyrychenko et al. (2018) proved 
the impact of social factor on economic growth. 
Also, Kuroyanagy et al. (1996) point out that 
macroeconomic stability is the reason for the 
fast and stable economic growth of Eastern Asia 
countries. 

The additional empiric model, which we use 
to analyze the macroeconomic stability impact 
on convergent processes in the country, may be 
represented in the following way:

( ),

0 1 ,0 2

,0

ln ln ,
i T

i i

i

y
y X u

y
β β β

 
= + + +  

 
 (2)

where X  is a matrix of the variables, which point 
to the country’s peculiarities and enable to keep 
features of the economic system stationary state at 
the constant level.

Imbalances Index ( ) ,IMB  proposed by Butzer, 
Jordan, and Stracca (2013), is used as macroeco-
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nomic stability indicator of the national econ-
omy. The IMB  is based on the calculation of 
three standardized macroeconomic indicators: 
the fiscal balance ( ) ,GovLend  the inflation rate 

( ) ,Inf  the current account balance ( )CurrAcc  
as follows:

.IMB GovLend Inf CurrAcc= − + −  (3)

An additional variable of model (2) is country’s 
involvement level parameter in the globalization 
processes (KOF globalization index), which is cal-
culated from SWISS Economic University surveys 
(KOF, 2018). This indicator measures economic, 
political and social globalization of the country 
and is from 0 to 100.

3. RESULTS

Model (1) is constructed in a way that the coeffi-
cients at the determined factors are interpreted 
as elasticities, and the bas growth in per capita 
income by 1% leads to an increase in the rate of 
income growth, respectively, by 1%. Using a da-
tabase of statistical data collected by the authors 
for the study period 1995–2015 in 31 provinces of 
China, the following results were obtained:

( )2015
1995

1995

ln 2.84 0.10ln .i
y

y
y

ε
 

= − + 
 

 (4)

Statistical properties of econometric relation-
ships (4) for China show that only 20% of the 
variation in regional GDP could be explained 
by the convergence model. Besides that, the 
parameter responsible for the presence of con-
vergence was statistically significant at 99% sig-
nificance level. Thus, an increase in base year 
economic indicators by 1% reduces the income 
growth rate by 0.1%. In 1995, the ratio of the av-
erage per capita income in the wealthiest group 
to poorest regions accounted for 9.6. However, 
in 2015, the difference between the richest and 
the poorest regions in China accounted for 4.1 
times. Thus, our empirical results based on the 
reduced model prove the existence of economic 
convergence in China. Our results are compara-
ble with Andersson (2012) who based on provin-
cial data from 1978 to 2009; found that over the 

long-term period provinces do converge in two 
growth clubs. Also, our results are comparable 
with the paper of Maasoumi and Wang (2007) 
who use the metric entropy concept to estimate 
the economic convergence in Chinese provinces. 
The entropy concept enabled to measure differ-
ences in economic growth rates across separate 
regions (provinces) in China. The main results 
proved no general economic convergence dur-
ing the pre- and post-reform periods. While 
there was found several economic convergence 
clubs, which are more visible in the post-reform 
period.

The application of convergence methods are 
commonly used only for evaluation of econom-
ic processes; however, this approach can be used 
to assess environmental leveling as well. To 
assess the environmental convergence, we use 
such indicators as emissions into the atmos-
phere. Using the economic convergence meth-
odology for ecological processes, the following 
results were achieved:

( )2015
1995

1995

ln 1.03 0.26ln .i
p

p
p

γ
 

= − + 
 

 (5)

China has clear tendencies of ecological conver-
gence of territorial development and the base 
level emissions increase in 1995 by 1% do re-
duce annual growth rates 0.26%. Thus, provinces 
with high emissions do decrease their emissions 
or grow with smaller rates. It can be found that 
economic growth in China is basically guar-
anteed by great sacrifices of an environment. 
Specifically, in China from 1990 to 2010, the de-
sertification areas were increasing to 2,460 km2 
annually. The available agricultural land per cap-
ita decreased from 1,300 m2 in 1990 to 952 m2 
in 2008. However, the Administrative Centre for 
China’s Agenda 21 facilitates the implementation 
of sustainable development (Swanson, 2004), and 
hopefully the ecological situation will start to 
improve in China.

The results of calculation regarding macroeco-
nomic stability impact and country’s globalization 
level on the economic development convergence 
and its environmental leveling are presented in 
Table 1 
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Table 1. The results of macroeconomic instability 

impact and globalization level on the economic 
and environmental convergence

Indicators 

Economic 

convergence 

(GDP)

Environmental 

convergence (emissions 

into the atmosphere)

( )1995ln y
 

–0.074

(0.010)
–

( )1995ln p –
–0.0153 

(0.000)

IMB
–0.0021

(0.048)

0.033

(0.105)

KOF
0.0297 

(0.008)

0.932

(0.000)

R
2 0.53 0.92

According to the given results (Table 1), the ex-
planation ability of the model makes 53.9% (eco-
nomic convergence) and 92.4% (environmental 
convergence), proper coefficients with GDP ini-
tial level logarithm ( )1995ln y  and level emissions 

( )1995ln p  are significant with 99% significance 
level and demonstrate the proper convergence 
processes (coefficient 1β  negative is significant). 
Reduction of IMB  indicators misbalance and 
increase of globalization level do assist Chinese 
economic convergence. 

In fact, the macroeconomic policy of a coun-
try has to be aimed at the elimination of large 
economic differences among various Chinese 
provinces, since continuous economic diver-

gence may harm the efficiency of resource al-
location and would have the negative impact on 
economic development in general. The institu-
tional factors are the dominant ones in sustain-
ing Chinese economy high rates of economic 
growth, and Jong-Wha Lee (2017) claims that 
sustainable economic development in China re-
quires no severe policy mistakes in response to 
external f luctuations. 

The disparity in economic development be-
tween the eastern, central and western regions 
of the country, which at the beginning of the 
reform period may increase, could gradually re-
duced with the development of the central and 
western regions. The transformation of egalitar-
ian distribution trend of increasing differences 
could continue for a relatively long time. Only 
after the improvement of market economy in-
stitutions and regulatory policies, the problem 
of excessive income inequality can be gradually 
solved. 

Within the achieved results, the high economic 
growth would inevitably lead to increased pres-
sure on the environment. It is expected that by 
2030, the economic growth will be accompa-
nied by the continued expansion of the volume 
of traditional production and hence pollution, 
since it is not possible to immediately change 
the structure of energy consumption, which us-
es much of coal.

CONCLUSION AND DISCUSSIONS

The analysis of current regional situation in China proved the presence of economic and environ-
mental convergence among different provinces. This means reduction of disproportionate devel-
opment in provinces. Also, with regard to China, there are distinct ecological convergence trends 
and less polluted provinces eventually increase emissions at higher rates than the initially pollut-
ed ones. That is economic growth in China was supported by great sacrifices of an environment, 
since all provinces in Chine are strive to some steady state in terms of pollution increase. Based on 
the results of the study, it is advised for each province to use its competitive advantage in order to 
achieve the best performance in the economic and environmental areas. The industrialized regions 
due to the presence of significant financial resources should pay more attention to the protection 
of the environment, using all the available potential. While, provinces with relatively low levels of 
pollution and significant assimilative capacity should benefit from it. At the same time, both ini-
tially poor regions and rich have to develop more profoundly agriculture.
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