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Evolution of the Spatial Distribution of
China'sHi-tech Industries.
Agglomeration and Spillover Effects*

Y uTtAao SUN AND FENGCHAO L1U

Satial distribution is an important dimension of research into the
devel opment of high technology (hi-tech) industries due to the knowl edge-
i ntensive features of theseindudtries. This paper separates the aggl omer-
ation effects and the spill over effects, and analyzes the evolution of the
spati al distribution of China's hi-tech sub-industries fromthemid-1990s by
combining the geographic concentration index (locational Gini coeffi-
cient, concentration ratio) and spatial econometrics (Moran'sl). The re-
sultsreveal that, firstly, most hi-tech subindustriestend to be concentrated
inthe eastern coastal regions of China, while there aresignificant spillover
effects from the eastern coastal regions to the central regions. The de-
velopment model based on national hi-tech industrial zonesisthe primary
reason for industrial agglomeration, andit i sthe result of both gover nment
direction and market rules. Secondly, on the macro-level, there hasbeena
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certain amount of geographical concentration and interregional division
of labor among China's hi-tech industries, but there islow intraregional
specialization. Furthermore, incontrastto the findings of most of previous
studies, the distribution of China's hi-techindugtriesand that of its innova-
tion capacity share similar evoluti onary trends, although they do not com
pletdy overl ap.

KEevworbps: evolution; hi-tech industries; spatia distribution; agglomera-
tion effects, spillover effects.

With the development of science & technology (S&T) and the
:4:% increase in the international divison of labor, the creation, cir-
culation, and digtribution of knowledge have become important
activitiesin the knowledge-based economy and high technology (hi-tech)
industries. As the next wave of the technologica revolution approaches,
countries and regions all over the world are actively adjusting their de-
velopment drategies, and hi-tech industry has become the cutting edge
of competition both in terms of national economies and comprehensive
nationa power.

Spatid didribution is an important dimension of the study of hi-tech
industry due to thefact that thisindustry isknowledge-intensive and space-
dicky of tacit knowledge. Over the past two decades, an extensive litera
ture has contributed to our understanding of the role of regional or spatial
agglomeration in motivating, facilitating, and maintaining industrial com-
petitiveness and technological vitdity." In conjunction with research of

1See, for example, Zoltan J. Acs, David B. Audretsch, and Maryann P. Fel dman, "Real Ef-
fects of Academic Research: Comment,” American Economic Review 82, no. 1 (March
1992): 363-67; Ash Aminand Nigel Thrift, "Neo-Marshallian Nodesin Global Networks,"
International journal of Urban and Regional Research 16, no. 4 (December 1992): 571-87;
Paul Krugman, D evelopment, Geography and Economic Theory (Cambridge, Mass.: MIT
Press, 1995), 45-67; Nick Henry, "TheNew Industrial Spaces: Locational Logic of a New
Production Era?' Inter national Journal of Urban and Regional Research 16, no. 3 (Sep-
tember 1995): 375-96; Michael Storper, The Regional World: Territorial Developmentin
a Global Economy (New York: Guilford Press, 1997): 20-31; Luc Anselin, Attila Varga,
and Zoltan Acs, "Local Geographic Spillovers between University Research and High
Technology Innovations," Jour nal of Ur ban Economics 42, no. 3(November 1997): 422-48;
Michael E. Porter, "Location, Competition, and Economic Development: Local Clusters
inaGlobal Economy," Economic D evelopment Quarterly 14, no. 1 (February 2000): 15-34;
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thiskind, the focus of regiona research into hi-tech industries has shifted
from intra- to interregiona digtribution.

Beardsell and Henderson study the processof the spatial evolution of
computers in 317 large U.S. cities following the introduction of the per-
sonal computer to the market.> Fornahl and Brenner analyze the relation-
ship between industrial agglomeration and local knowledge productionand
diffuson, and they aso study the resulting innovation activities, identify-
ing geographic concentrations of these activities and examining different
causes for the emergence of these concentrations.?

Recently, scholars have devoted more attention to therapid develop-
ment of Chinas hi-tech indusgtries. The exiging literature focuses on two
aspects. the development performance of hi-tech industries, and the role of
government and multinational companies. Taking the policy-supported
field of computer-aided design (CAD) as an example, Wen and Kobayashi
analyze technological innovation in this area, demonstrating that, in addi-
tion to diffuson, factors such as university-industry alliance, the capitali-
zation of intellectua property in universities, and the new model of inno-
vation in CAD all play key roles in technology innovation.* Yu and Tong
analyze interaction between multinational companies and loca executors
in the Zhongguan cun ( ) district of Beijing ( ).> Liu and Buck
conclude that learning through import or export may promote the innova

Martin Kenney, "Introduction,” in Understanding Silicon Valley: Anatomy of an Entrepre-
neurial Region, ed. Martin Kenney (Stanford, Calif.: Stanford Universty Press, 2000), 1-14;
Ash Amin, "Industrial Digricts,” in A Companion to Economic Geogr aphy, ed. Eric Shep-
pard and Trevor J. Barnes (Oxford: Blackwel |, 2000), 149-68; Douglas Woodward, Octavio
Figueiredo, and Paulo Guimaraes, "Beyond the Silicon Valley: University R& D and High-
technology Location," Journal of Urban Economics 60, no. 1 (July 2006): 15-32.

2Mark Beardsell and Vernon Henderson, " Spatial Evadl ution of the Computer Industry in the
USA," European Economic Review 43, no. 2 (February 1999): 431-56.

3Dirk Fornahl and Thomas Brenner, " Geographic Concentration of Innovative Activities in
Germany," Structur al Changeand Economic Dynamics20, no. 3 (September 2009): 163-82.
4Jang Wen and Shinichi Kobayashi, "Impacts of Government High-tech Policy: A Case
Study of CA D Technology in China," Journal of Engineering and Technology Management
19, no. 3-4 (September 2002): 321-42.

5Yu Zhou and Tong X in, "An Innovative Region i n China: I nteraction between Multinational
Corporations and Local Firms in High-tech Cluster in Beijing," Economic Geography 79,
no. 2 (April 2003): 129-52.
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tion capacity of China's domestic companies® Fan and Scott find that
Chinadiffers from other economies in East Asiain terms of socia history
and the trend toward the liberalization of their economies, athough they
have many similar characterigticsin regional development.’

Other studies focus on the spatia distribution of hi-tech industries.
Sun uses multiple indexes, such as patent licenses, new product sales, and
research and development (R& D) expenditure, to study spatia patterns of
indugtrial innovation since the 1990s.® The results show that industrial in-
novation is mainly concentrated in the coastal regions of China. Further-
more, the spatial concentration is higher compared with previous studies.’
Yao examines the regiona development of hi-tech indugtries based on the
spatial overlap of regional innovative capacity and hi-tech industrial zones.
According to his results, Guangdong ( ) and Jangsu ( ) are the
most developed provinces in terms of hi-tech indugtrial zone devel opment,
whileBeijing ( ) and Shanghai ( ) are thetop two in terms of inno-
vation ability.” Wang and Lin identify atrend toward the agglomeration of
information and communication technology (ICT) in the manufacturing
sectors of China's eastern coagtal regions.”* Other scholars have also
made contributions to the study of spatial distribution and agglomeration
in China's hi-tech industries.™

6Xiaohui Liu and Trevor Buck, "Innovation Performance and Channels for International
Technology Spillovers: Evidence from Chinese High-tech Industries,” Research Padlicy 36,
no. 3 (April 2007): 355-66.

“Cindy C.Fanand AllenJ. Scott, "Industrial Agglomeration and Development: A Survey
of Spatial Economic Issues in East Asiaand a Statistical Analysis of Chinese Regions,"
Economi ¢ Geography 79, no. 3 (July 2003): 295-3109.

8Yifei Sun, "Spatial Distribution of Patents in China," Regional Studies 34, no. 5 (July
2000): 441-54.

9Yifei Sun, "Geographic Patterns of Industrial Innovati onin China," Tijdschrift voor econ-
omische en sociale geografie (Journal of Economic and Social Geography) 94, no. 3
(August 2003): 376-89.

10yongling Yao, " Spatial Overlap of Regional Innovation Capability and High-tech Indus-
try," International Journal of Technology Management 28, no. 3/4/5/6 (July 2004): 615-32.

LCassandraC. Wang and George C. S. Lin., "The Growth and Spati al Distribution of China's
ICT Industry: New Geography of Clustering and Innovation," Issues & Studies 44, no. 2
(June 2008): 145-92.

125ee, for example, Wang Zilong, Tan Qingmei, and Xu Xiaodi, "Gao jishu chanye jiju
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In general, the existing research concludesthat the spatia distribution
of China’s hi-tech industries presents asignificant trend toward agglomer-
ation in the eastern coastal area. However, hi-tech industries and innova-
tion capacity do not completely overlap. Additionally, therelationship be-
tween industrial agglomeration, innovation, and economic performance is
not significant. From the previous studies we discussed above, it is clear
that thereisaneed for further research on the patia distribution of China's
hi-tech industries.

In the past, most scholars examined the hi-tech sector as a whole, or
specific hi-tech industries (such as ICT), and less attention was paid to the
gructure of high-tech sub-industries. Secondly, spatid agglomeration is
not the same as spatia spillover, and measuring spatial agglomeration and
gpatial spillover separately will highlight more aspects of spatia distribu-
tion. Onthebass of spatid distribution measures, this article anayzes the
evolution of the spatia digribution patterns of Chinas hi-tech industries
and provides advicefor Chinas policy makers.

The Development of China's Hi-tech Indugtries

Every country in the world is exploring the best way to obtain eco-
nomic benefitson aglobal scale from the rapid devel opment of innovation.
Likewise, the Chinese government has seen hi-tech as an important driving
force for sustainabl e devel opment and has introduced many policies topro-
mote hi-tech industries.

shuiping cedu fangfa ji shizheng yanjiu" (The metrical method and empirical studies of high-
tech industry aggl omeration level), Kexue xue yanjiu (Studies in Science of Science) (Bei-
jing) 24, no. 5 (May 2006): 706-13; Tang Gennian and X u Weixiang, "Zhongguo gaojishu
chanye chengzhang de shikong yanbi an tezheng jigi kongjian buju yanjiu" (A study of the
evolution in time and space of the spatial distribution of hi-tech industrial development in
China), Jingji dili (Economic Geography) (Changsha) 24, no. 5 (May 2004): 604-7; Liang
Xiaoyan et a., "Woguo gaojishu chanye de kongjian juji xianxiang yanjiu: jiyu shenji gao-
jishu chanye chanzhi de jiliang fenxi" (A study on the spatial distribution of Chinese hi-tech
indugtries: spatial econometrics analysis based on provincedevel industrial output val ue),
Kexue xue yanjiu (Studiesin Science of Science) (Beijing) 25, no. 3 (March 2007): 453-59.
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The starting point of China's hi-tech industrial devel opment is the
Long-range Outline on the Development of Science and Technology,
1956-67 (1956-1967 ), issued in 1956. The
Outline promoted the development of technologiesin six innovative and
hi-tech areas—nuclear power, rock et and jet technol ogy, computers, semi-
conductors, automation, and precison machinery. This policy document
produced thefirst generation of hi-tech researchers and laid a foundation
for hi-tech research in China and the development of corregponding in-
dustries.

With the beginning of economic reform and opening-up, Chinas
hi-tech i ndustriesentered a new eraof development. Sincethe 1980s, de-
veloped countries haveinvested large amountsof human and materia re-
sources in an effort to occupy the commanding heights of technological
development. Examples include the Strategic Defense Initiative ("Star
Wars") proposed by the United Satesin 1983, aswell as the Eureka plan
launched by the European Union in 1985.

ChinasNational Science and Technology Planning Project (

) contains three programs related to hi-tech industry
(seetable 1). The earliest of these isthe "Nationa K ey Technology R&D

Program” ( ), launched in 1983. In March 1986, four fellows of
ChineseA cademy of Sciences(CAS, ), Wang Dayan ( ),
Wang Ganchang ( ), Yang Jiachi ( ), and Chen Fangyun (

), wrote aletter to the Centra Committee of the Communist Party of
China (CCCPC, ) suggesting that China should
develop high technologiesin order to catch up with the rest of the world.
This proposa wasaffirmed by Deng Xiaoping ( ). Soon after, more

than two hundred experts collaborated in drawing up adevelopment strate-
gy for China's hi-tech sector, which then contributed to the successful im-
plementation of the State High-Tech Development Flan, or "863 Program”
( 863 ). The"Torch Program” ( ),
designed to develop new and hi-tech industries in China, was approved by
the State Council ( ) in August 1988. Implementation of this pro-
gramis now the respongbility of the Ministry of Science and Technology
(MOST, ) (formerly the State Science and Technology Commission,
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Tablel
Main Hi-tech Research Programsin China

Program Time Obj ects Mainfiel ds
National Key 1983  Facing thenational economic Agriculture, ICT, energy,
Technology R&D and social development needs, resources, biology,
Program* resolvi ng the major scientific environment, medicine
(K gi zhicheng) and technological problems in and health.
economic and social
development
863 Program 1986 Promoting innovation ability of Biological technology,
(State High-Tech hi-technology, especially the information technology,
Devel opment international competitiveness aerospace, laser, advanced
Plan) of strategic hi-technology materi als, advanced

manufacturing and
automation technology,
energy technal ogy,
agriculture

Torch Program 1983  Picking thewinners. Projects  Electronics and i nformati on
are sel ected and organized to technology, biotechnology

devel op new and high and new medi cines, new
technology products and related material s and their
industries, meeting the appl ication, mechatronics,
international standard of high  new energy, high-efficiency
technology products energy conservation

technology and
environmental protection
technology.

Note: *National Key Technology R& D Program ( ) is designed to implement the
Mid-Long-term Plan Outline for National Science and Technology Development (

) (2006-2020) (MLP), facing national economic and soci al de-
velopment needs, mainly focused on important scientific and technological problemsin the
process of economic and soci a development, and based on the ol d National Key Technol ogy
R& D Program ( ).

Source: Ministry of Science and Technology, http://www.mast.gove.cn.

). All these programs have played a powerful role

in promoting the further development of Chinas high technologies.
In the early 1990s, China made several world-class achievements in
science and technology, and hi-tech industries, in such areas aselectronics,
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space exploration, fine chemicass, and insruments, have established afirm
basis for development.™® Despite these achievements and China'sall-round
effort to catch up with the developed world in science, technology, and
economic development, the country is suffering from such adverse cir-
cumgances as lack of capital and talent, scattered investment, and a weak
investment environment.

I'n order to meet the challenge of the new S& T revolution by acceler-
ating the development of hi-tech indugtries, China's State Council approved
amotion in 1991 to establish twenty-six national hi-tech industrial zones
in medium and large intellectua resource-intensve cities, twenty-five of
which were approved in 1992. There are currently fifty-sx of these zones,
including the Beijing New Technology Industry Development Trial Zones
(establishedin 1988), the Yangling ( ) High-tech A griculture Industrial
Zone (established in 1997 in Shaanxi Province [ 1), the Ningbo ( )
National Hi-Tech Zone (January 2007), the Xiangtan ( ) Nationd Hi-
Tech Industriad Development Zone (March 2009), and the Taizhou ( )
National Medical Hi-Tech Development Zone (March 2009). According
to official statistics," in 2007, the gross revenue of fifty-four national hi-
tech industrial zones and the Suzhou ( ) Indugria Park (excluding
Xiangtan and Taizhou) was RMB5.58 trillion, and they had a gross in-
dustrial output value of RMB4.61 trillion and value added of RMB1.13
trillion. They paid more than RMB500 billion in taxes.

In August 1999, a National Technology Innovation Conference, or-
ganized by the CCCPC and the State Council, was held in Beijing to look
into the implementation of the Decision on Strengthening Technology In-
novation, Developing High and New Technology, and A ccomplishing In-
dudriaization ( ). In
January 2006, the Nationa Science and Technology Conference issued
the Mid- to Long-Term Plan Outline for National Science and Technology
Devel opment (2006-2020) (MLP, ).

13shijun Qin, "High-tech Industrialization in China: An Analysis of the Current Status,”
Asian Survey 32, no. 12 (December 1992): 1124-36.

Vhttp://theory. people.com.cn/GB/49169/49170/7063410.html
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Figurel
China's Hi-tech Industrial Development (1995-2007)
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Source: Zhongguo gaojishu chanye tongji nianjian (China Statistics Yearbook on High
Technology Industry) (Beijing: Zhongguo tongji chubanshe, 1996-2008).

In order to put this MLP into operation, MOST, along with the Nationa

Development and Reform Committee (NDRC, )
the Minigry of Land and Resources ( ), and the Minigry of
Housing and Urban-Rural Development ( ), issued a

document entitled, Severa Opinions on Promoting the Further Develop-
ment of National New & Hi-tech Development Zones and Enhancing In-
dependent Innovative Ability (

), which suggested that "a new
undertaking be started" ( ) for enhancing innovation within na-
tional hi-tech industrial zones.

The construction of nationa hi-tech zones and a series of policies
aimed at encouraging innovation have enabled China to make dramatic
gainssncethe 1980s, athoughthese gains have been made inspurts. The
hi-tech sector is playing an increasingly important role in industrial de-
velopment, and its production has increased sharply snce 1995 (seefigure
1). In 2007, the gross output value of Chinds hi-tech industry exceeded
RMBS trillion, nearly five times that of 2002 and twelve times the 1995
total. The growth in salesrevenue issimilar to that in output value. The
rapid growth of hi-tech industry prompted a readjustment of the industrial
gructure and made it a new polefor national economic growth.
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Although the scale of hi-tech industry has increased sharply, its profi-
tability islow. The profit ratio (profit divided by sales revenue) of China's
hi-tech industry increased from 4.54 percent to 6.71 percent between 1995
and 2000; it decreased to 4.19 percent in 2005, and began to show an in-
creasing trend again in 2006 and 2007. According to the Statistical Year-
book of China ( ), China's overal industrial profit ratio in-
creased from 2.15 percent in 1998 to 6.70 percent in 2007;* it was higher
than the hi-tech industrial profit ratio after 2001, and the gap between them
isincreasing. This indicates that China's hi-tech industry is less profitable
than other industrial sectors.

A gglomeration has becomeanimportant feature of Chinashi-techin-
dustries based in hi-tech industrial zones. During the period of the Tenth

Fve-Year Plan ( ), morethan 80 percent of China'shi-tech indus-
try was located in the Yangtze River Delta ( ), the Pearl River
Ddta ( ), and the Circum-Bohai Sea Region (CBSR) (

)."° "Key cities' have been at the core of industrial development, and
hi-techindustries such asbiological medicine, aerospace, microel ectronics,
photoel ectronics, and software have accelerated this devel opment. Hi-tech
industrial zones and economic technical development areas (

) have become important centers for hi-tech industries. The Eleventh
FHve-Year Flan for Hi-Tech Industria Devel opment (

) expressed the development strategy as follows: "based on the
optimal allocation of resources, make industrial agglomeration the strate-
gic route for the development of hi-tech industries and speed up the con-
centration of industries in dominant areas and key cities, thus building

Here, profitis calculated asa percentage of output value (similar to sales revenue), because
there are no statistics on overall salesrevenues. There are no statistics on gross industrial
profitsin the Statistical Yearbook of China before 1998.

18The Yangtze River Deltageneral ly comprises thetriangular-shaped territory of Wu-speaking
Shanghai, southern Jiangsu Province, and northern Zhejiang Province. The Pearl River
Delta (or Zhusanjiao) i n southern Chinais the low-lying area where the Pearl River flows
into the South China Sea. It comprises nine prefectures of the province of Guangdong,
namely Guangzhou, Shenzhen, Zhuhai, D ongguan, Zhongshan, Foshan, Huizhou, Jang-
men, and Zhaoqing. The Circum-Bohai Sea Region in northern Chinais the area around
the Gulf of Bohai, including parts of Beijing, Tianjin, Shandong, Hebei, and Liaoning.
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characteristicaly hi-tech industrial bases' ( ,

Resecarch Methodsand Data

The literature on methods of measuring industrid, spatial, and geo-
graphic concentration is extensive. The measurement indexes of aggrega
tion and geographic concentration proposed by Ellison and Glaeser™” and
by Maurel and Sedillot®® are based on the distribution of activities (industry
activities, innovation activities, and S& T activities) within a geographica
unit and beyond the scope of the industry. Taking the spatia scale of in-
dustrial aggregation into cons deration, Duranton and Overman™ used con-
tinuous quantity of location and distances between factories to measure
agglomeration.

According to Ratanawaraha and Polenske,® there are two kinds of
geographic concentration indexes, with and without spillover effects, in
which the concentration index of spillover effectsis aso used to measure
the goatia digribution of industries and innovation activities. In fact,
there are no certain connecti ons between agglomeration and spillover of
hi-tech indugtries.® However, the geographic concentration index with
spillover effects implies that the geographic concentration of hi-tech ac-

17Glenn Ellison and Edward L . Glaeser, " Geographi ¢ Concentration in US Manufacturing In-
dustries: A Dartboard A pproach,” Jour nal of Palitical Economy 105, no. 5 (October 1997):
839-927.

18Francoise Maurel and Beatrice Sedillot, "A Measure of the Geographic Concentration in
French Manufacturing Industries," Regional Scienceand Urban Economics 29, no. 5 (Sep-
tember 1999): 575-604.

19Gilles Duranton and Henry G. Overman, "Testing for Localization Using Micro-Geogra-
phic Data," Review of Economic Studies 72, no. 4 (December 2005): 1077-106.

DApiwat Ratanawaraha and Karen R. Polenske, "Measuring the Geography of Innovation:
A Literature Review," in The Economic Geography of Innovation, ed. Karen R. Polenske
(New York: Cambridge Universty Press, 2007), 30-59.

2\Wang and Lin, "The Growth and Spatial Distribution of Chinas ICT Industry," 145-92;
Yao, " Spatial Overlap of Regional Innovation Capability,” 615-32.
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tivities should have spillover effects.

This paper measures the spatial distribution of hi-tech industries
using the geographic concentration index without spillover effects to
measure industrial concentration and dispersion. It aso employs spatial
econometrics to examine spatial spillover effects.*

Methods for Measuring Spatial Concentr ation Effect

Degrees of concentration and dispersion are important indexes for
judging whether an industry is concentrated. This paper adopts the loca
tional Gini coefficient (LGC) and concentration ratio (CR) to reflect two
aspects of the spatid distribution of indugtries: the degree of spatia differ-
ence and the degree of concentration.

Locational Gini coefficient: The first method used to measure geo-
graphic concentration is the locational Gini coefficient.”® Thisis smply
amodification of the Gini inequality index whereindividuals are replaced
by regions and weights are given in terms of the regional shares in total
output value. The LGC for hi-tech industry can be rewritten as

G= Z(si - xi)z

WhereG isLGC, s istheoutput value of anindustry withinregion i
asa percentage of the output value of the country, and x; is the output value
of al industries in region i as a percentage of that of the whole country.
Thismethod issmpleand visua. The higher the coefficient (the maximum
valueis 1), the bigger the aggregation value—that is, the more geographi-
cally concentrated the industry.

22g5ee, for example, Luc Anselin, Spatial Econometrics. Methods and Models (Dordrecht:
Kluwer Academic Publishers, 1988), 50-53; Luc A nselin, Raymond Florax, and Sergio J.
Rey, Advances in Satial Econometrics, Methodology: Tools and Applications (Berlin:
Springer, 2004), 60-65.

23paul Krugman, "Increasing Returns and Economic Geography," Journal of Political Econ-
omy 99, no. 3 (June 1991): 483-99.
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Concentr ation ratio: Concentration radio isa simple and commonly
used index to measure the spatial concentration of anindustry. Taking pro-
duction as an example, CR is calculated by ranking regions by their levels
of production and dividing their shares in the national production of the
firgt "n" regions with their share of national territory (that is, their region
as a percentage of all regionsin the country). Thelarger thisratiois, the
higher the geographic concentration. The CR for hi-tech industry can be
rewritten as

CR, = Z S}
i=1

Where S‘is the output value of industry k of region i as a percentage
of the gross output value of the country's hi-tech industries. CR, is the
sum of thefirst "n" regions with their S*in national territory. In general,
0 = CR, = 1. Thelarger theratio, the higher the geographic concentration
of the industry. Inindustry analysis, nawaysequasi, 4, 8. CR visualy
reflects the degree of spatid distribution of hi-tech indudtries.

The two methods are easy to operate but both have been the target
of criticism® because they neglect the difference between the scale of the
enterprises and the distances between enterprises. Dueto differencesin
enterprise scale within industries and the sze of geographic areas, this
oversight can cause errors when the above method is used to compare the
degree of concentration of different industries. Because the equation is
primarily used to examinethe evolution of distribution in hi-tech industries
rather thanthe spatial organization structure of enterprises, it will not affect
the interpretive accuracy of this study.

2See, for example, Ellison and Glaeser, "Geographic Concentration,” 889-927; Giuseppe
Arbia, Spatial Data Configuration in Statistical Analysis of Regional Economic and Re-
lated Problems (Dordrecht: Kluwer Academic Publishers 1989), 25-30; Michael C. Wolf-
son, "Divergent Inequalities- Theory and Empirical Results," in Analytical Sudies Branch
Research Paper Series, ed. Statistics Canada, http://www.statcan.gc.ca/puby/11f0019m/
11f0019m1997066-eng.pdf.
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Methods for Measuring Spatial Spillover Effect

Scholars of spatial econometrics often use the theory of spatia de-
pendence or correlation to explain spatial aggregation. According to this
theory, spatial aggregation hasa cluster effect, and regions in which indus-
try is concentrated will influence nearby regions via spillovers. Certainly,
spatia similarity could be due to regions sharing smilar underlying condi-
tions, and not necessarily be due to externditiesfrom neighboring regions,
although it may aso be affected by interna factors. However, spatia cor-
relation reflectsthe relationship among observationsin ageographic soace,
and geographica proximity is an important condition. The externalities
of geographical proximity arenot only scientific and technological knowl-
edge spillover by means of supply chains, the flow of capital and labor, and
other channels, but also the demonstration effect affecting interna factors,
such as cultura concept and policy philosophy. This is an intangible and
complex process, and the assumption of existing externaities is more
redigtic than the assumption that no externalities exist. So, spatial correla
tion is a better indicator than geographic concentration indexes with spill-
over effects for measuring spillover effect, although it does not remove
other uncertainty factors.

This article introduces spatia autocorrelation to test the effects of
gpatial spillovers associated with China’s hi-tech industries. Classic spatial
autocorrelation statigtics include Moran's | and Geary's C. Both require
the measurement of a spatial weights matrix, which reflects the intensty
of the geographic relationship between observationsin a neighborhood.
Soatial autocorrel ation statistics such asM oran's | and Geary's C are global
in the sense that they edimate the overal degree of spatia autocorrela-
tion for a dataset. The possibility of spatial heterogeneity suggests that
the edimated degree of autocorrelation may vary sgnificantly across
geographic space® Moran's| is used to reflect the spatial spillover effect
inthis study.

SAnselin, Spatial Econometrics, 35-40.
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Thefirgt sep in calculating Moran's| isto build spatial weight matrix
W. The construction principle of element w;; is wij = 1 if region i is ad-
jacenttoregion j; w; =0 if i isnot adjacent toj. So Wisan* nmatrix.
Moran's| is calculated based on thefollowing formula:

ZZWU(X )C)(.X' —X)

n _ 1 n
I= A where x=—2xi

S ICE) .

and X is the mean of the variable x, w; are the elements of the weight
matrix, =1 = | = 1, | <0 means negative correlaion, | =0 means no corre-
lation, and | > 0 means positive correlation.

Standardization statistic Z can be used to examine the significance
of Moran's 1, and it can also reflect whether autocorrelation exists anong
n areas. (The assumption is that autocorrelation does not exist between
statistics). Z isdefined asfollows

z(1) = % where E(I) =-1/(n—-1),
Var(1
Var(I) = %”WO EQ)

Where WO Z Z W W = _Z Z(WU /'i)2 5 W2 = i(wz + M}j)2 5
i=1

=l j 11/1

w; isthe sum of row i, and w; is the sum of columnj. When Z is pos-
tiveand sgnificant, thereis apostive corrdation, and asimilar trend in the
observed vaues tends toward spatial aggregation, and vice versa. When
Z = 0, the observed values are independent and randomly digtributed.

This sudy takes the hi-tech industria output value of China's prov-
incesand regions (excluding Hong Kong, M acao, and Taiwan) from 1995
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to 2007 as the development i ndicator of hi-tech industries. According to
the Notice on the Classified Catal ogue of Statistics on Hi-Tech Industries
( ), issued by the National Bureau of
Satigtics in July 2002, Chinds hi-tech industries include aerospace manu-
facturing (ASM), eectronics and tel ecommunications equi pment manufac-
turing (ETEM), computers and office equipment manufacturing (COEM),
medical and pharmaceutical products manufacturing (MPPM), and medical
instrument and meter manufacturing (M TIMM). Unless otherwise speci-
fied, all data related to China's hi-tech industries are taken from the China
Satigtics Yearbook onHigh Technology Industry (
), issued by National Bureau of Statigtics (NBS, ).

Evolution of Spatial Agglomeration Effects of
China'sHi-tech Indudries

Soatial Digribution Patter ns of Hi-tech Industries based on LGC

ETEM occupies a dominant position among China's hi-tech indus-
tries, accountingfor 50 percent of gross output value (around 53.24 percent
in 1995 and 49.72 percent in 2007) (seetable 2). The fagtest-growing in-
dugry is COEM, whose percentage of hi-tech output value has increased
from 8.65 percent to 29.45 percent over the same period, with an annual
growth rate of 36.52 percent. MPPM and MTIMM have also grown fad,
but their output va ues as percentagesof the total for hi-tech indudtries, es-
pecially that of MPPM, have fdlen. The output value of ASM as a per-
centage of the hi-tech tota islower, and has dropped from 6.56 percent to
2.03 percent, due to relatively slow growth.

The development of China's hi-tech industries has largely followed
the course laid down in government plans. In the mid-1990s, Chinas
hi-tech industries were sill at their initial stage of development. The
Ninth Five-Year Plan for the Scientific and Technologica Devel opment
of China and the Outline for 2010 ( " " 2010

) proposed that hi-tech industries of all kinds should be devel opedin
pardlel. With the advent of the information revolution and the internet,
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Table2
The Output of China sHi-tech Industries, 1995-2007

(Unit: RMB100 million)
Industries 1995 1996 1997 1998 1999 2000 2001
ASM 268.97 286.41 313.17 323.27 333.07 387.58  469.31
MTIMM 3314 386.46 42725 446.84 474.33 584.2 652.95
MPPM 96126 11511 126224 1372.73 149722 1781.37 2040.86
ETEM 218167 250421 317201 3847.21 470852 5981.38 6900.45
COEM 354.46 580.94 79695 1120.6 120349 1676.95 2199.8
Industries 2002 2003 2004 2005 2006 2007 AGR
ASM 535.18 550.8 5016 797.23 828.01 1024.44 11.7%
MTIMM 758.85 91144 13274 1785.35 242066 3128.21 20.57%
MPPM 237844  2889.9 32413 4250.45 501894 6361.90 17.06%
ETEM 7947.99 10217.16 14006.7 16867.13 21217.6 25088.04 2257%
COEM 347883 5986.8 86915 10666.95 12510.7 14858.57 36.52%

Source:  Zhongguo gaojishu chanye tongji nianjian (China Statistics Yearbook on High
Technology Industry) (Beijing: Zhongguo tongji chubanshe, 1996-2008).

the e ectronic information and computer rel ated industries have devel oped
more rapidly.

The Specia Plan for Hi-tech I ndustrial Devel opment (

) inthe Tenth Five-Year Plan for S& T and Education De-
velopment ( ), issued in 2000, proposed the
development of new industries such as software, communication equip-
ment, digital products, biomedical products, and biological chips. In the
Eleventh Fve-Year Fanfor Hi-tech Industria Development, the el ectronic
information, biological, and aerospace indudtries were named as focuses
for development. The dectronic information technology industry is more
mature and on alarger scale than the others, and the biologica and aero-
space industries have potential for future devel opment.

Applying the LGC to the data, we obtain the following results (see
table 3). In 1995, ASM exhibited the highest degree of spatia concen-
tration, followed by COEM, MPPM, MTIMM, and finally ETEM. The
industry with the largest output values, ETEM, has the lowest degree of
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Table 3

Locational Gini Coefficent of China’'sHi-tech Industries

Industries 1995 199% 1997 1998 1999 2000 2001
ASM 01052 0.1141 01182 01421 01412 01521 0.1606
MTIMM 0.0449 0.0460 0.0507 0.0365 0.0496 0.0470 0.0599
MPPM 0.0253 0.0274 0.0299 0.0351 0.0421 0.0399 0.0475
ETEM 0.0085 0.0078 0.0064 0.0064 0.0060 0.0042 0.0029
COEM 0.0721 0.0550 0.0447 0.0376 0.0241 0.0255 0.0471
Industries 2002 2003 2004 2005 2006 2007 AGR
ASM 0.1836 0.2187 0.2297 0.2272 0.1886 0.1767 4.41%
MTIMM 00595  0.0647 0.0323 00339 00396 00302 -324%
MPPM 00586 0.0723 0.0786 00858 0088 00797 10.02%
ETEM 00028 0.0019 0.0039 00036 00044 00047  -471%
COEM 00369 0.0270 0.0159 00210 00242 00245  -85%

gpatia concentration, while ASM, the industry with the lowest output
values, has the highest degree of spatia concentration.

From the growth rate of LGC from 1995 to 2007, we can see that
MPPM is thefastest growing industry, with an annual growth rate of 10.02
percent. ASM had alower growth rate, while other industries were de-
clining. The spatia distribution of hi-tech industry changed greatly be-
tween 1995 and 2007, but ASM still had the highest degree of spatial
concentration.

Spatial Digribution Patter ns of Hi-tech Industries Based on CR

This study uses the CR formula and the datato measure CRj, CRy,
and CRg—that is, the CR of Chinads hi-tech industries in the top region in
terms of production value, the top four regions, and the top eight regions
(see table 4). From 1995 to 2007, the industry with the highest CR; is
COEM, and the one with the second highest isETEM. The CR; of MPPM
and MTIMM are not significant, and MPPM has the lowest CR; of all five
industries. The situations of CR4 and CRg are smilar to that of CR4, the
difference being that the CR, and CRg of MTIMM are higher than those of
ASM.
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Table4

Concentr ation Ratio of China'sHi-tech Industries (%)

Irdustries OR, 195 196 1997 198 199 2000 2001 0@ 200B 2004 2005 2006 2007

AM OR, 1588 1710 1708 1669 1634 17.19 1883 1882 2380 2473 2028 2165 2119
R, 5046 29 8% 5477 256 %AB 515 565 6324 422 6538 540 5315
R 8276 $65 &8l 8193 8L17 8113 .16 290 8381 8201 8330 778 768D

MTIMM CR, 180l 1789 17.66 1712 1838 1829 1821 1629 1571 17.45 1733 1753 18%%
CR, 5075 9084 D.FH 5589 5426 P H8 485 54 5675 5767 569 5815
CRs 7210 299 719 7707 ®.15 B4 7687 .82 7784 789 8067 8097 8140

MPAM  CR 103% 1061 108 1059 956 102 1018 1003 1063 1147 1258 1260 1372
CR, 3619 3720 74 3540 P37 %P NH %92 365 3839 4022 4014 3967
CR 593 P54 5754 5814 H82 H.3B H84 5740 570 583 5894 5897 5046

ETEM CR 315 44 DL 3230 B27 3L® DB B4 AP 3613 3466 3431 3291
R, 63(6 &254 0B 6218 6361 6416 .13 6477 67.0 7121 6993 69B 6907
CR 829 8357 2B 8438 8187 &5 FH4l %56 8873 9118 9176 9187 084

OEM CR 4578 4343 4114 3568 H31 3D 404 4645 458 3767 3986 3953 36D
CR, 750 02 7751 7969 .12 77.24 8.3 8119 87.33 87.53 8842 8329 871
R 240 B33 VB 9443 N30 $.FH BM 97.00 9804 97.5 9768 979 97.37

From the point of view of theevolution of CR, with the exception of
the CR8 of ASM and the CR; of MTEM, al industries tend toward spatia
and geographic aggregation. The top region for ASM is Shaanxi, for
MTIMM it is Jangsu, while the top region for MPPM has shifted from

Guangdong to Shandong (

). The top region for both COEM and

ETEM is Guangdong (see table 5). On the whole, the top eight regionsin
termsof hi-tech indugtrial output value remain relaively stable, with alittle
internal adjustment, between 1995 and 2007. Thereisonly one region that
drops out of the top eight in MTIMM and one drop-out and one new entry
in ETEM, while three regions drop out of thetop eight for COEM by 2007,
and there arethree new entries. Chinas hi-tech industry is mainly concen-
trated in the eight coastal provinces of Guangdong, Jiangsu, Shanghai,
), Shandong, Beijing, and Liaoning (

Zhejiang (

Additionaly, several central provinces such as Henan (

), Fujian (

), Sichuan (

March 2012

), Shaanxi, and Heilongjiang (
cant concentrations of hi-tech industries.

).

), Hubei (
) a0 have signifi-
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ASM has the smallest scale of all the hi-tech indugtries. Given its
high market accessthreshold, large initia investment, and closelinksto na-
tional security, it is hardly surprising that ASM has retained its position.
The CR1 of ASM ranked third in 2007, and Shaanxi was the number one
provincefor ASM in both 1995 and 2007. While the CR; and CR4 of ASM
have shown slight increases between 1995 and 2007, the CRg hovered near
80 percent before dropping a little in 2006 and 2007. At present, the top
cities for ASM are Xi'an ( ) in Shaanxi, Chengdu ( ) in Sichuan,
Shenyang ( ) in Liaoning, and Haerbin ( ) inHeilongjiang. The
Xi'an Yanliang ( ) Nationa Aviation Hi-Tech Industrial Basein Shaan-
xi isthe only state-leve aviation industry base in China.

The CR1 of MTIMM is not significant, and dropped in 2002 and
2003. The CR4 and CRg of MTIMM have shown steady growth. In 1995,
the top three regions for MTIMM were Jangsu, Shanghai, and Zhej iang,
and the Yangtze River Delta had an absol ute advantage in this industry.
In 2007, the top four regions were Jangsu, Guangdong, Zhejiang, and
Shandong, andthe Pearl River Deltaand the CB SR have grownin strength.
MPPM has low spatial concentration. Its CR4 hovers around 40 percent
and its CRgis below 60 percent, which indicates that MPPM isrelatively
dispersed. It alsoindicatesthat MPPM has yet to form adivision of labor
or to undergo industrial agglomeration. Onthewhole, the Yangtze Delta
(Jangsu, Shanghai, Zhegjiang), the Pearl River Delta (Guangdong), and
the CBSR (Shandong, Hebei) still dominate where this industry is con-
cerned.

In terms of both CR; and CRg, ETEM ranked second, with 2007
values of 69.07 percent and 90.84 percent, respectively. COEM wastopin
termsof CR, and CRg, increasng from 75.20 percent and 92.49 percent in
1995 to 87.74 percent and 97.37 percent in 2007. The aggregation effects
for ETEM and COEM have obvioudy tended to increase over time.

From theperspective of regiond distribution, Guangdong remains the
consigtent leader and Fujian was among the top eight regionsin 2007.

All of the top eight regions for ETEM are located in the coastal
provinces, and the situationis s milar for COEM (with the exception of
Hubei). The Yangtze Delta provinces of Jiangsu, Shanghai, and Zhgjiang;
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the southern coastal provinces of Guangdong and Fujian; and Beijing,
Shandong, and Tianjin in the CBSR have become the major areas for
ETEM and COEM. MTEM and COEM account for nearly 90 percent of
the total output value of China's hi-tech indudtries, so these three regions
dominatein terms of the hi-tech sector as awhole.

Geographical factors that speed up the circulation of information
and commoditiesmeanthat the eastern coasta areas of Chinaareintellect-
intensive. These areasthus dominate the electronic information and com-
puter industries. On the whole, this distribution pattern mirrors the dis-
tribution of innovation ability.”® While some provinces in the interior
(including Hubei , Henan, Shaanxi, Sichuan, and Heil ongjiang) a so have
a certain comparative advantage in some industries, the distribution is
spotty and the industries have failed to form clugers.

The Evolution of the Spatial Spillover Effects of
China'sHi-tech Indudtries

Wenow caculate Moran's | to indicate the spillover effects of spatial
digtribution within China's hi-tech industries (seetable 6).

All hi-techindustries reject the null hypothesis with the exception of
ASM, which means that there is spatial autocorrelation on the distribution
of hi-tech industriesamong provincesand regions. T his shows that the dis-
tributions of hi-tech industries are not random, and they have significantly
positive spatial dependence. Provinces in which hi-tech industries have a
high (or low) level of development tend to aggregate, and the performance
of hi-tech industries in a province is srongly influenced by its adjacent
provinces. Severd factors, such as knowledge spillovers, capital flows,
and trangportation or transaction costs, may influence the spatial Smilarity

%Fengchao Liu and Yutao Sun, "A Comparison of the Spatial Distribution of Innovative A c-
tivitiesin China and theU.S," Technological Forecasting & Social Change 76, no. 6 (July
2009): 797-805.
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between adjacent provinces and regions.

A SM has a negative spatia autocorreation, inline with Moran's| in
table 6. ASM is amilitary industry in China, and itslayout is amost the
same as it was during the planned economy period. Centers such as Xi'an,
Chengdu, and Shenyang havefailed to form industrial linkages or promote
theflow of knowledge, information, and talent to surrounding areas. This,
inturn, leadsto stronger spatial independence. Therefore, the spatial dis-
tribution of ASM has an individua spot pattern, as opposed to a network,
facets, or abelt.

However, with the deepening of reform and opening-up, aswell as
the expanson of thecivil aerospace market in China, ASM has tended to
transfer to the coasta regions. Examples include the plant for the final
assembly of the Airbus-A320 aircraft and the National Aerospace Indus-
trialization Base which are now located in the Tianjin Binhai New Area
( ), and the Commercia Aircraft Corporation of China, Ltd.
(CACC, ) whichislocated in Shanghai. Thelatest
dataissued by the Nationa Bureau of Statistics (NBS) show that the output
value of Tianjin's ASM was RMB11.225 hillion in 2009, and the city's
ranking in terms of the output value of itsASM i ndustry rose dramatically
from thirteenth in 2008 to fourth in 2009. Thetop three provincesfor this
industry in 2009 were Shaanxi (RM B26.525billion), Liaoning (RMB16.18
billion), and Sichuan (RMB15.699 billion).”

Moaran's | for both MTIMM and MPPM has decreased dightly, but
both industries mai ntain a high spatial autocorrelation. The Yangtze and
Pearl River deltas and the CBSR are where MTIMM and MPPM are
mainly concentrated. Additionaly, Henan Province in the central region,
as a mgjor contributor to the medicinal and pharmaceutical industry, has
demondrated rapid development in recent years. Pharmaceutical manu-
facturing, especidly traditiond Chinese medicine manufacturing and
biomedicine manufacturing, is an important force in the development of

2Thttp://www.frponline.com.cn/news/detail_25657.html.
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hi-tech industries, of which MPPM accounts for 57.6 percent. MTIMM
and MPPM have developed rapidly within this group of central cities,
while Jlin Province ( ) in the northeast region has a similar ad-
vantage in MPPM, though its growth remains dow.

The Moran's| for ETEM and COEM issmaller thanitisfor MTIMM
and MPPM, but inincreaseto acertain degree from 1995 to 2007 which in-
dicates atrend toward aggregation in theseindustries. The aggregation re-
gionsfor ETEM, COEM, MTIMM, and MPPM are the Yangtze and Pearl
River deltas and the CBSR. Hubei province isamajor contributor to the
development of S& T in China, and it hasdemongtrated rapid devel opment
in COEM, optoelectronic information and other fieldsbased on the Wuhan
East Lake( ) High-Tech Development Zone and the Xiangfan (

) National High-tech Zone.

Jangsu, Shanghai, and Zhejiang in the Yangtze River Ddta; Fujian
and Guangdong in the southern coastal region; Beijing, Tianjin, Hebei,
and Shandong in the CB SR; and Henan and Hubei inthe central regionare
all high-high aggregation regions for hi-tech industries, and they have sig-
nificant spatial autocorrelation. Liaoning, Shaanxi, Schuan, and Guizhou
( ) have some comparative advantages, but development in surround-
ing provinces lags behind, making it difficult to identify agglomerative
advantages. The reg of the vast western region consigts of low-low ag-
gregation areas.

Thegeographic digribution of China's hi-tech indudtriesis not ran-
dom. The growth pattern of these industri es presents strong spatial ag-
gregation features with significant local autocorrelation. The growth of
hi-tech industriesin each provinceisinfluenced by itsadjacent provinces,
and the diffusion of knowledge plays an important rolein the development
of these adjacent provinces. The eastern regions, especially the eastern
coadal provinces, are in the lead, not only in terms of absolute output
value, but dsointhegrowth rate of hi-techindustries. The most easterly
parts of the central regionsare expected to be gradudly influenced by the
radiation effects and leading power of the eastern regions, dueto the posi-
tive effects of spatid correlation. The rapid development of Henan and
Hubei inthe central regionisagood example of this.
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An Explanation of Spatial Evolutionin
China'sHi-tech Industries

LGC is a measure of the spatid agglomeration and dispersion of
specific industriesagaing the background of national industrial develop-
ment, and CR iscal culated by comparing asingleindustry across multiple
regions. Combining LGC and CR will compensatefor the shortcomings
of each in measuring spatial aggregation and divergence.

From L GC, we can seethat hi-tech industries do not present any sig-
nificant tendency toward agglomeration but are actually more obviously
dispersed than other, non-high-tech industries in China. From their CRs,
we can see that hi-tech industries have exhibited a consstent tendency to
concentrate in the Yangtze River Ddta (Jiangsu, Shanghai, Zhgiang), the
southern coagtal region (Guangdong, Fujian), and the CBSR (Beijing,
Shandong, Tianjin) (seefigure2). Thisis most evident in the case of elec-
tronic information and computer-related industries (ETEM and COEM).

The spatia autocorrelation results indicate that in most hi-tech indus-
tries (with the exception of ASM) knowledge-intensive features determine
the extent of spatia dependence autocorrelation. Knowledge spillover,
flow of talent, and the sharing of infrastructure among adjacent areas all
have a positive influence on the spatial concentration of industries. Mean-
while, the development of hi-tech industries in the coasta region has
tended to diffuse to the central region. Below, we will attempt to explain
why spatia distribution patternsin China's hi-tech industries changed be-
tween 1995 and 2007.

Firg, throughout the 1990s, China's reform and opening-up under-
went dramatic developments, but the economy remained in transition from
aplanned economy to a market economy (also known as the " mixed econ-
omy period"). During thistime, the development of hi-tech industries was
theresult of a combination of market forces and government power.

Industria aggregation is an important development strategy for hi-
tech industries (it was proposed by the Chinese government inits Eleventh
FHve-Year Plan for Hi-tech Indugtria Development) which servesthe inte-
regsof theindustries themselvesand complieswith the rules of the market
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Table7
The Per centage of SOEsin China's Hi-tech Industries (by Industry)

Index 1995 1996 1997 198 1999 2000 2001 2002 203 204 A0 2006 2007

Tatal B8 B6I 3081% 2275% %6660 4134% 365% 3026% 2562% 18.00% 16386 1098% 993%
AM %62 9.6% B3 6817% B.OF6 9799% 9431% 9826% 9773% 93.68% B21% 8347% 8643%
MTIMM - 3.0% 3036 30.35% 2575% 3.21% 3235% 28226 2440% 2100% 19.6% 16.3F6 1366% 1328%
MPPM  5L.24% 46.6% 41.3% 327% SA.78% 4962% 44.76% 4061% 3680% 27.4% 2ZB.94% 1985% 1797%
ETBM  27.0% 24.2P6 233% 1494% 46.31% 4088% 39.06% 3196% 3021% 1832% 16.18% 1016% 874%
COEM 1360 16886 19.60% 2294% 27.8%0 2424% 11.4% 1012% 646% 96/% 794 318% 252%

Source: Zhongguo gaojishu chanye tongji nianjian (China Statistics Yearbook on High
Technology Industry) (Beijing: Zhongguo tongji chubanshe, 1996-2008).

Note: The percentage of SOEs and state holding enterprises is represented by their per-
centage of the total output value of hi-tech industries.

economy. The establishment of nationa hi-tech industrial zones was an
important step in implementing this strategy.

Theinfluences of the market and the government on hi-tech industries
are reflected not only in policy and regulation but also in how the enter-
prises are owned. The influence of the market and the government differs
between industries, as can be seen from data on the percentage of state-
owned enterprises (SOES) in China's hi-tech industries (see table 7), and
this could explain the different evol utionary paths of the variousindustries.

A SM has the highest percentage of SOEs (95.62 percent in 1995, d-
though there isa dight reduction between 1995 and 2007), which indicates
that the spatial distribution of this industry (mainly in Shaanxi, Sichuan,
Liaoning, and Heilongjiang) is the result of central planning. Since 1995,
all of theseindustries, with the exception of ASM, have been concentrated
in the eastern coasta regions. However, with the expansion of the civil
aviation market the role of the market has begunto increase in ASM, and
it has taken advantage of the mature capita market of Shangha and the
location advantage of Tianjin. From an analysisof spatid corrdation, itis
clear that under the planned economy, ASM was concentrated in rel atively
isolated locations. There was no forward or backward link to surrounding
aress, 0 therewereneither spatial spillover nor clugter effects (theMoran's
| is negative).

180 March 2012



Satial Distribution of China's Hi-tech Industries

Table8
The Percentage of SOEsin Hi-tech Industries of Top Eight Regions, 2009

Regions Province  Shae | Province  Share ASM ETIMM MPPM ETEM COEM
CBR Beijing 12.12%| Sheaxi 6514%

Tienjin  1109%| Schuan 4103% ¥ r

Shandong 12.38%| Lieoning 33.17% +# *
Yangtze  Shanghai  7.49% | Heillongjiang 33.62% 2
Delta Jangu  2.95% Jiangxi 29%% &

Zhgiang 552% | Guizhou 4745%
Southern  Guangdong  8.68% Henan 12.32% #r
Coastal Rijian  223% Hebei 16.25% ¥
Region

State 11.17% Hubei 28.96% r

Source: Zhongguo gaojishu chanye tongji nianjian, 2010 (China Statistics Yearbook on
High Technology Industry, 2010) (Beijing: Zhongguo tongji chubanshe, 2010).

Note: The sharepercentage of SOEs and state holding enterprisesis represented by their per-
centage of the total output value of hi-tech industries. The share of SOEsis the state-owned
and gtate-holding enterprises output value account for total i ndustries output value in hi-tech
industries. Thereisareno corresponding statisti csfor the period of the state-ownedand state-
holding enterpri ses output value in hi-tech industries by regions before 2009, so we provide
the share of SOEs at 2009.

In 2007, SOEs accounted for 13.28 percent of MTIMM, 17.97 per-
cent of MPPM, 8.74 percent of ETEM, and 2.52 percent of COEM, and
inal of theseindustriesthe percentage of SOEshad reduced significantly
snce 1995. Most of these hi-tech industries, especialy ETEM and COEM,
are concentrated in the eastern coasta regions, which contain the three
main hi-tech indudrial clusters of the Yangtze River Delta, the southern
coastal region, and the CBSR (see figure 2). Within these three main
clugers, market forces have produced a certain agglomeration effect.

When welook at the prominence of SOEs in hi-tech industriesin dif-
ferent regions, we see that SOEs are less prominent in provinces in three
clusters (see table 8). Inthe CBSR the proportion of SOEsis near the na
tiona average, while in the Yangtze River Delta and the southern coastal
provinces it is under 10 percent. Other provinces which entered the top
eight regions for hi-tech industry in 2007 are more dominated by SOEs
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than the three clusters, and the highest percentage is 65.14 percent. This
indicates that the advantages possessed by Schuan, Shaanxi, and Guizhou
stem from the industrial layout of the planned economy period, as the per-
centage of SOEsin hi-tech industries in these provincesare gill morethan
40 percent. The spillover effects from the eastern coasta regions to the
central regions were thus enhanced, and the hi-tech industrial clusters in
the central regions based on Hubei and Henan emerged gradually.

Second, the division of labor based on specialization is lower and
the spillover effects are less sgnificant in regions with concentrations of
hi-tech industry. This isbecause these indugtries are dill at the stage of
expanding their scde.

Spatid agglomeration can be seen as a process that deepensthe divi-
sion of labor and speeds up innovation for information networks of flexible
production; only indusdtrial clusters based on specidization, divison of
labor, and efficient information networks can highlight the spillover effects
of indudtrial aggregation.”®

From the LGCs and CRs cdculated from 1995 and 2007 data, the
degree of concentration has increased. L GC to some extent includes the
ideaof specialization, which could show the regional advantage of hi-tech
industries compared to industry as awhole in the country. Therelative
advantage of hi-tech industries over other industries has weakened in the
eastern region (the area in which ETEM and COEM are concentrated).
Among locations such as Beijing, Shanghai, Guangdong, Fujian, and
Shenzhen ( ), only Shenzhen has a relatively high specialization co-
efficient.”

2Allen J. Scott, The New Industrial Spaces. Flexible Production Organization and Regional
Development in North America and Wester n Europe (London: Pion, 1988), 15-20; Allen J.
Scott, Metropalis: From the Division of Labor to Urban Form, (Berkeley, Calif.: Univer-
sty of CaliforniaPress, 1988), 17-23; Annal ee Saxenian, Regional Advantage: Culture
and Competition in Slicon Valley and Route 128 (Cambridge, Mass.: Harvard University
Press, 1994), 25-32; Ash Amin and Patrick Cohendet, "Learning and Adaptati onin Decen-
tralized Business Networks," Environment and Planning D: Society and Space 17, no. 1
(March 1999): 87-104.

2Chien-Hsun Chen and Hui-Tzu Shih, High-Tech Industries in China (Cheltenham and
Northampton: Edward Elgar, 2005), 101.
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China’s hi-tech industries lack the indugtria divison of labor indi-
cated by specidization within spatial agglomeration, making it difficult to
generate spillover effects among regions. The case of Guangdong® also
showsthat athough | CT indusgtry clusters have frequent contacts withlocal
production, they tend not to share information or cooperate in research and
development. This indicates that frequent contact has not diminated dis-
trust between enterprises within industria clugters. Thisis the reason why
the industry with the largest output value has the lowest degree of spatia
concentration and theindustry with the lowest output value has the highest
degree of gpatial concentration.

In order to speed up the transformation of the economic develop-
ment model and to promote industria upgrading, local governments aso
introduce measures to attract foreign capital. The extent to which China's
hi-tech indugtries have expanded is largely the result of foreign direct in-
vestment (FDI) by multinational corporationsin conjunction with the pul-
ling power of exports. FDI has had amajor impact on the spatia distribu-
tion patternsof hi-tech industries and it promotesthe rapid development of
hi-tech products for export.

Chinas hi-tech industries are primarily driven by externa techno-
logies (as opposed to internal knowledge), and the import or imitation of
foreign technology has been more important than domestic innovation in
theseindustries.® The development pattern of the hi-tech sector has meant
that these industries are not technology intensive and they havelow indus-
trial efficiency. The scale of expanson in combination with the driving
force of the government have made it difficult for a regional divison of
labor, which is based on specialization and knowledge spillover, to emerge
(within the market).

Third, regional innovation capacity isstill animportant factor behind
the rapid development of hi-tech industries within spatially concentrated
regions.

30Wang and Lin, " The Growth and Spatial Digtribution of China's ICT Industry," 145-92.
3lyap, "Spatial Overlap of Regional Innovation Capability,” 615-32.
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FDI and international technology transfer do not easily producetech-
nology spillover effects, and local R& D and innovation capacity gill play
an important role in absorbing technology from multinationa corporations
and developing hi-tech indudries. The learning capability of local enter-
prises can be improved via the existing research infragtructure of enter-
prises and market-oriented spatial clusters.®

Thisiswhy regions which have ahigh concentration of hi-techindus-
tries are dso well-endowed with national hi-tech zones which tend to be
located in regions with plentiful intellectual resources. There are fifty-six
of these zones—eight of which are in the Yangtze River Delta (Jangsu,
Shanghal, Zhgiang), eight in the southern coastal region (Guangdong, Fu-
jian), and seven in the CBSR (Beijing, Shandong, Tianjin) (see figure 3).
The fact that 41 percent of Chinas hi-tech zones are |located in these three
regions demonstratesthat the zones are the foundation of hi-tech industrial
development.

There is no complete overlap of spatia distribution between China's
innovation capacity and its hi-tech industries,® but they are closely con-
nected. Liu and Sun* find that innovation activities in both China and the
United Satesare concentrated inthe coastal areas. In Chinathis meansthe
eastern coastal areas and in the United Statesit is the east, west, and south
coasts. Our findings reved that spatial distribution and evolution patterns
aresimilar for both innovation capacity and hi-tech industries.

Spatial distribution issimilar for Chinasinnovation capacity, hi-tech
zones, and hi-tech industries. Theinteractivereationship is good for inno-
vation and hi-tech development, and regiona innovation capacity is the
foundation of hi-tech zones and hi-tech indugtries. For example, Shaanxi
is awestern province with few of the advantages traditionally required
for hi-tech indudtrial development, such as a favorable geographical posi-
tion, good transport infragtructure, and proximity to international markets.

%27hou and Tong, "An Innovative Region in China," 129-52.
33Ya0, "Spatial Overlap of Regional Innovation Capability,” 615-32.
34Liuand Sun, "A Comparison of the Spatial Distribution of Innovative Activiti es," 797-805.
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Figure3
The Spatial Distribution of Hi-tech Indugrial Zonesin China

Source: Torch High Technology Industry Development Center (Torch Center), under the
Ministry of Science and Technology (MOST) ( ), http:/ Avww.
chinatorch.gov.cr/.

Note: The Ningbo (2007), Xiangtan (2009), and Taizhou (2009) national hi-tech industrial
zones are not included.

However, it does benefit from favorable innovation resources and a good
research base. ASM in Shaanxi is based on Xi'an's nationa hi-tech indus-
trial zones which focus on electronic information and advanced manufac-
turing industry. These zones draw their resources from Xidian University

( ), Xi‘an Jaotong University ( ), the
Northwestern Polytechnical University ( ), Lishan Co., Ltd.
( [771 1), AVIC Shaanxi AERO Electric Co., Ltd. (
), AVIC Xi'an Aircraft Industry (Group) Co., Ltd, (
), and Datang Telecom ( ). So it is hardly surprisng that

Shaanxi has a strong ASM industry.
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Conclusions

According to the analyss and discussion above, the conclusions of
this paper are as follows:

The exigting literature® measures the spatial distribution of hi-tech
industries by cal culating geographic concentration or spillover effects. But
geographic concentration does not necessarily imply spatial spillover,
whereas geographic concentration indexes with spillover effects imply that
geographic concentration does have spillover effects. This study uses
spatial econometrics to measurethe agglomeration and spillover effects of
indudtrial spatial digribution, andit expands the traditional assumptionthat
spatial aggregation should have spillover effects.

Mog of Chinas hi-tech sub-industries tend to be concentrated in the
eastern coadd regions, causing a significant spillover effect to the central
regions. Fiveprimary areas with ahigh concentration of hi-tech industries
have emerged throughout the country: the CBSR centered on Beijing, the
Yangtze River Delta centered on Shanghai, the Pearl River Delta centered
on Shenzhen and Guangzhou, the centrd regions centered on Hubei and
Henan, and the western region centered on Sichuan and Shaanxi.

The spatial distribution of hi-tech industriesis the result of a combi-
nation of government push and market pull. National hi-tech industrial
zones and FDI are important factorsin industrial aggregationin China

Onthe macro-level, hi-tech industries are concentrated in three main
urban agg omerations in the eastern region. However, specific hi-tech in-
dugtries with local features have emerged in the central and western regions,
such as ASM in Shaanxi, MPPM and MTIMM in Henan, and ETEM in
Hubei, although these are smaller in scae. On the micro-level, the spatial
concentration of hi-tech industries does nat result from a divison of labor
based on specidization, but is caused by the FDI push, loca policies, and
also the export pull. So although the degree of industrial concentration is
increasing, the spillover effect and economic efficiency are relatively low.

3SRatanawaraha and Polenske, "Measuring the Geography of Innovation," 30-59.
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According to the existing literature, thereis only partial overlap be-
tween the spatia digtribution of innovation capacity and that of hi-techin-
dugtriesin China.* Based on a wider examination, the evolution of spatial
digribution patternsin China's hi-tech industries has a similar tendency to
that of innovation capacities. The R& D activities and innovation capacity
of loca corporations combine with technological learning and knowledge
spillover from multinationa corporations which then promote the develop-
ment of regional hi-tech industries and influence their spatia distribution.
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