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Preface

FDI into China has increased dramatically since 1978 when the 
government took special effort to  open her doors to foreign 
investors. Only a quarter of a decade after, China has become 
the larges t hos t country of FDI in  the world . The impact of FDI 
inflows into C hina has  been enormous and it is widely believed 
to  be an important driving force behind the country’s rapid 
economic growth.

Accompanying C hina’s  phenomenal growth, there has been a 
large volume of research that attempts to  unders tand the main 
channels  through which FDI have fostered China’s economic 
growth? One approach is  to  emphas ize technological spillovers of 
FDI to China, and this has  recently become a very topical issue.

Speci fically , following further market opening in the 1990s  in 
China, it has become all the more important to  better unders tand 
the externalities generated by FDI, especially in  the terms of 
technological spillovers . In addition to  capital inflows accruing to  
a host country brought  by FDI, the potential and important 
benefits from FDI is its effects on economic growth in the hos t 
count ry, which depends much on whether foreign R &D can be 
transferred to local enterprises  by FDI inflows  and trade inflows . 

However, despite the large number of s tudies, the relationship 
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between FDI and technological spillovers  i n China has not yet 
been clearly  defined. In  this  sense, th is study enti tled “Inter- 
nati onal  Technology Spill overs and Effects on China’s Economic 
Growth” attempts contribute to current literature by investigati ng 
the effects  of technological spillovers  of FDI on productivit y and 
output of C hina’s  provinces  from both the theoretical and 
empirical perspectives. This paper begins by measuring China’s 
productivity  at the provincial level using a translog production 
function, and then estimates the extent of technologi cal spillovers  
through import-embodied and employee-embodied FDI inflows , 
as well as  domestic R&D and human capital by measuring the 
change of t otal factor productivity(TFP) in C hina’s provinces . 
Variations in the models  are used to  show the effects  of 
technological spillovers on productivity and output  in C hina’s 
provinces.

This  research is the joint effort of Dr. S eung Rok Park, a 
senior research fellow here at KERI, and Dr. Xinzhong Lee, a 
visiting Chinese researcher to KERI. I would like to  express  my 
gratitude t o both for their enormous efforts in completing this 
study, which I believe that th is study will be a good contribution 
to  the various FDI and international trade studies regarding the 
international diffusion of technology in  China. However, The 
views  expressed here are those of the authors  and do not 
necessaril y represent t he views  of the Korea Economic Research 
Inst itute as a whole. However, the vi ews  expressed here are 
those of the authors and do not necessarily represent the views 
of the Korea Economic Research Ins titute as a whole.
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Ⅰ. Introduction
 

Technologic al spi llove rs  of Foreign Direc t Inves tment(FD I) 
to  hos t count ry have recently  become a very topical  i ssue. 
R ecent literature has attempted to understand better the det er- 
m inants  of the size and scope of spi llove r benefits  t o host 
count ri es among deve loped, developing a nd trans ition econ- 
omies. However, a cl ear and  consi stent theory  has yet to appear. 
Nonetheless, a cl ear underst anding of the de terminants of FD I 
technologi cal spil lovers  a nd benefi ts is  ve ry import ant to 
policymakers of c ountries  that aim  to  introduce F DI. The 
purpose of t hi s s tudy is  to  shed l ight on the F DI process  and 
construct a framew ork t o analyze the determinants  of scope 
and magnitude of FDI technological spillovers  to host countries . 

In  the c ase of China, following market opening in  the 1990s , 
it has  become very important to  unde rs tand the externali ty 
features ge nerat ed by F DI, especially  i n the form  of t ech- 
nologic al spi llovers. B es ides the  benefits of capital inflows 
accruing to  a host  count ry brought  by F DI, the pos itive effects 
of FDI on economic growth in  the hos t count ry is  de termined 
by whether foreign R &D  can be  transferred to  l ocal  enterpri ses  
by F DI inflow s and trade  i nflows . This  st udy att empts to 
investigate the e vidences  towards the recogni tion of technologi- 
cal spillovers . The main channels  of technological spillovers  are 
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considered such as labor-e mbodied and import-embodied FD I 
stoc k as  wel l as domest ic R &D expe nditures  and inte rnati onal 
trade. 

This paper begins  by mea suring China’s  productivit y at t he 
provincia l level us ing the translog production function, and 
then e stima tes the extent of technological  spillovers through 
import-embodied and employee -embodied FD I i nflow s as  well 
as  domes tic R &D and human capital. Late r, models  a re 
constructed to  show  the effe cts of tec hnological spill overs  on 
productivit y and output i n China’s  provinces . Our s tudy fi nds 
st rong evidences  that labor employed by foreign enterprises , 
human capita l s tock and domes tic R&D  have pos itive effects 
on productivit y. But, domes tic import s and FDI imports  a re 
found to have  negative e ffect s on produc tivity  over t he periods  
1996 to 1999, and 2000 to  2001, he nce  very lim i ted posit ive 
effects  were evident. W ith regards  to  output effect s of input 
factors, all variables  were found to have robustl y positi ve 
effects on Chinese provincial output. A robustly  negative effect 
of imports-embodied in  F DI inflows  on final output w as 
found. H ow ever, imports -embodied  in F DI inflow s have showed 
st rong pos itive effe cts on output i n recent time s, for the period 
2000 to 2001, sugges ting that  component s of imports  of domestic 
and foreign enterprises  may have change d.

The re mainde r of th is  paper is  organi zed as  foll ow s: Se ction 
2 disc usses  recent s tudie s a nd l iterature on internat ional techno- 
logical spill overs . Sect ion 3 ana lyzes and summarizes  t he 
theori es and i nte ract ions  of technological spillovers and growth. 
Se ction 4 presents  the  me thodology of me asuring productivi ty , 
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effects of technological spillovers on productivit y and output of 
C hina’s  provinces . Se ction 5 desc ribes  t he data sets  for empiri- 
cal analysi s in  the st udies . S ection 6 pre sents  the empirical 
results  of our ec onometric estimation, and Sec tion 7 conclude s.
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Ⅱ. Literature Review of Previous Studies

Emma Xiaoqin F an(2002) summarize s the  main findings and 
missing aspects  i n exis ting s tudie s involved on the e ffec ts of 
technologi cal spillovers of FD I inflows in  C hina i ncluding F DI 
patterns as  w ell as determinants and impact s on growth. In 
general, e vidences  show that FDI has been benefici al to 
C hina ’s  e conomic developme nt , espec ially  in  te rms  of capital 
forma tion, output and income generation, and grow th of 
exports . H ow ever, by invest igating the technologica l transfer 
and adaptation in  36 FD I fi rms  in  the D alian provinc e of 
C hina , mos t F DI firms , except parts of FDI firms  engaged in 
the transfer of advanced tec hnology, have largely had 
relati ve ly  li ttle impact in  t he  transfer of advanced te chnology 
in  rea l es tate, commercial, tourism-re lated F DI, a s well as 
labor-int ensive manufacturing indust ries. The la st ca tegory has 
been regarde d as a low-level t echnologilca l field  cl ass ified by 
the government as “non-product ive”. D espit e the  l arge number 
of s tudies, the relati onship betw een F DI and t echnological 
spil lovers  in  China is fa r from be ing clearly  defined. In 
addition, due to  di ffic ult ies in  obtaining good sample data sets , 
the appl icabilit y  of the derived conclus ions by the small 
sa mple si ze is  rather lim ited. Moreover, there have only been 
a few studies  based on i n-depth quantita tive a nalys is  in  China; 
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most have been descriptive in  nature and are helpful to 
gaining an intuitive understanding on t he re lationship betw een 
FD I and spillover e ffect s.

J.F . B run(2002) explored t he exis tence of re gional grow th 
spil lover effects  a s expec ted by Deng X iao P eng’s  polic y by 
using panel data for t he period 1981-1998. He examines 
whether the growth of coastal  provinces  have affected t he 
grow th of i nner provinces. The derived results showed that t he 
spil lover effects  from grow th of eas tern provinces have been 
very lim it ed, and waiti ng for spi llover effects  to  sufficie nt ly 
reduc e dispari ties  betwe en C hinese provinces in  the short run 
is  not a w ise choice.

Lee B rans tete r(2000) examined the  knowledge spill overs 
from Japan’s FDI fi rms  in  t he U. S . His  research focused on 
the form  of pa tent citat ions  to  me asure the importa nce  of FD I 
in  mediating flows of knowle dge spil love r. The obt ained 
evidences supported the proposi tion that FD I was  indee d a 
si gnific ant  cha nnel of knowledge spillovers, both from in- 
vesti ng fi rms  t o indige nous firms a nd from indigenous  firms  to  
invest ing firms. The results  are qui te different from the other 
m icro-level s tudies. H is  work also show ed that i f the est ab- 
lishment of foreign-affiliated rivals in  domesti c markets increased 
the opportunity  for knowledge spil lovers , but a lso reduc ed t he 
domesti c firms’ abi lity  t o appropriate the benefits  of these 
know ledge  spillovers through higher prices  or highe r sales 
volume s, then a TF P-based approach may fail  t o measure 
positi ve know ledge spillovers. Based on dat a sets  at the firm 
level, B ranste ter tes ted the hypothes is t hat  FDI w as a  channel 
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of know ledge spillovers for Japan’s MNC s(mult inational c orpo- 
rations) undertaking di rec t investme nt  in  the U.S . Re sults  of 
the model showed that FDI increased the flow of know ledge 
spil lovers  both from and to  the invest ing Japanese firms . Thus , 
FD I generally  led t o increased know ledge inflows  in both 
directions. In  some specificat ions , t he  impact  of acqui sit ion on 
know ledge flows from the Japanese parent firm to the Ame ri can 
firm  was  actua lly  l arger than t he  corresponding impact of 
green-fie ld  investment. 

Sa ra h Y ue ting Tong(2001) examined the effects of F DI and 
fore ign technology on l oca l C hinese firms. The empirical 
result s indicat ed that know ledge  inflow s c arri ed out ma inly 
through FDI w as an importa nt condui t in  promoting C hinese 
firms’ exports . Furthermore, foreign know ledge was  l ikely  to 
increase local fi rms’ total employment and production, espe- 
cial ly  in  the  short -run, and local  non-affiliate  fi rms  could 
benefit through business dealings wi th  those  firms  direct ly 
associate d with foreign bus inesses. The possibl e contributing 
factors related t o technology spillovers of FDI are mainly from 
such compe tition of domes tic firms  and enhanced educa tion 
level of employees . 

B rian J Ai tken and Ann E. Harrison(1999) examined the 
effects  of FDI firms on domest ic fi rms  in V ene zue la us ing 
panel data  at the  plant l eve l. The derived resul ts showed that 
foreign equity participation w as pos itively  c orrelat ed with plant 
productivit y(the “ow n-plant” effec t). However, the relat ionship 
was  only robus t for small  enterprises , w hi le foreign investme nt 
negatively affected t he produc tivity  of domes tical ly  owned 
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plants . Thus, the net impac t of foreign i nves tment, taking into 
account t he se two offsetting e ffect s, was  rather small . 

Magnus  Blomstrom and Steven Globerman(1999) summa ri zed 
the main proximate determinants  of the “ equil ibrium”  value of 
technological spillovers, and attempted to identify  the magnitude 
and nature of FDI spil lovers  by various  di re ct and indirect 
approaches . The direct approach was  t o relate  productivi ty 
measures  of hos t country firms or industries  to  the extent of 
fore ign ownership in  host country, a nd the indirect approa ch 
examined the aspect s of i nt eraction between MN Cs and host 
count ri es such as  (1) technology l icenses , (2) vertic al li nkages , 
(3) “copying”  of technology introduced by foreign investors , 
(4) impact  of F DI on hos t country market s tructure , e special ly 
competiti veness, (5) labor training, and (6) performance of 
rese arch and development (R &D ) by MN C affiliat es in  the hos t 
count ry. B lomstrom thought that  the  cos ts  assoc iated wi th 
absorbing fore ign-developed technology should be negative ly 
relate d t o t he  technologica l compe tence of hos t count ry firms , 
while  tec hnologi cal spillovers from MNC s should be pos itively  
relate d t o t he  technologica l compe tence of hos t count ry firms . 

Magnus B lomstrom a nd Ari Kokko(2001) di scussed t he 
relati onship between F DI and human ca pit al, and thought that 
the interacti on betwe en the tw o variables  was  complex and 
highly non-linear. Their study showed that F DI inflow s cre ated 
a potentia l for spi llovers  of knowledge to  the local  labor force. 
B esides , t he level of human capit al in  host count ry de termined 
how much F DI inflows it  could att rac t and w hether host 
count ry firms were a bl e to  absorb the potential  spi llove r 
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benefits. Especi ally  human ca pit al tha t w as relatively of a high 
level in  hos t c ountry may be able  to  att ra ct la rge amounts  of 
FD I inflows  w ith  technology-intensive characteris tics . 

Yasuyuki Todo and Koji Miyamaoto(2002) examined the 
know ledge  spi llove rs  from M NC s based on data se ts at t he 
firm  le vel  in  developed countrie s. The derived results did not 
clea rly represent the  general c onsensus on the presence of 
technologi cal spillovers from M NC s. Todo thought that a 
possibl e reason for the mixed results  is  that act ive diffus ion 
did not ade quately a ddress domesti c and foreign efforts . But 
R &D activit ies  and development of human resources conduct ed 
by MN Cs s timulated knowledge diffusion from MN Cs to  fi rms  
of host  c ountry. In  addi tion, R &D act ivities  carried out by 
domesti c firms also promoted know ledge  di ffusion from 
MN Cs. Thus , knowledge diffus ion  from  MN Cs  required 
domesti c a nd foreign efforts  in  R &D and development of 
human resources . 

W ilbur C hung(2002) identifie d technology transfer of F DI in 
U.S . ma nufacturing indus tries t hrough examining the influe nce 
of indus try conditi ons  and i nves ting firms’ motives . The 
derived results  indicated t hat  the relati ve ly less  competiti ve 
indus tries  expe ri enced produc tivity  grow th, but productivi ty 
grow th s tagnated i n more competit ive i ndustri es. 

Sonathan E. H askel and S onia  C . Pereira(2002) examined 
productivit y spillovers from F DI to  domest ic firms through 
using plant-level panel data cove ring the U.K . manufacturing 
from 1973 to  1992. The results  showed that there exis t s ig- 
nificantly  posi tive effects  betw een domesti c plant’s TFP  and 
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the foreign share of employment in  a parti cular plant’s 
indus try . F urthermore, evidences  were found show ing that FD I 
spil lovers  t ook  t ime t o permeate to  domesti c p lants . N ever- 
theless, no significant effect  wa s found between foreign plant’s 
TFP  and the foreign share of employme nt  in  the plant’s 
indus try .

Al i U gur(2000) t hought  that FD I not only had significant 
direct effect s on capital information, employment  and t rade  in 
host count ry, but more importantl y suggest ed that  there we re 
indirect effec ts for c ert ain  host countries  in  respect of t he 
change of t echnological  spi llovers. B lomstrom also argued that 
the mos t important rea son behind hos t country’s  efforts to 
att rac t more F DI today i s the desire to  acquire modern 
technology, and the extent of li nkages  between MNC s and local 
firms  were an important  indicator of potential indirect effects of 
FDI on the host  economy. Thus, Ugur thought that the external- 
ities(i.e. productivity spillovers) that MNCs’ investment generates  
enhanced t he productivity  of indigenous firms . By examining the 
productivity  spillovers from MNC s to  local firms in Ireland, he 
measured the rate and direction of technical change and the extent 
of technical ineffi ci ency using stochas tic frontier production 
functions . 

Donald J .S . Brean and Jerermy a. Ieonard(1998) thought that 
(R&D) and technological  innovations that FDI yields are crucial 
to  economic growth and prosperity, and also argued that  R &D 
would be defici ent w ithout government support. Furthermore, tax 
incentives are thought  to be an effect ive way in  inducing more 
R&D, and t he social economic benefit s of t ax-induced R&D are 
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greater than the cos t of the tax-incent ive itself. His  modeling 
results showed that nearly  70% of the observed growth of 
Canadian t otal factor productivity(TFP) from 1964 to 1986 was 
due t o spillovers generated by U.S. R &D activi ties. W ith trade 
as the vehicle for in ternational R&D spillovers, U.S. R &D 
efforts are almost as important for Canadian product ivit y as  they 
are for the U.S. itself. 

Simeon Djankov and B ernard Hoekman(2000), by estimating 
the production function and using TFP as  a proxy measure for 
technology transfer, argue that foreign inves tment has the 
predicted positive impact on TF P growth of host firms, and the 
larger the MNCs is relative to  the domes tic industry , the eas ier 
the learning, w hich creates  s trong incentives to  transfer tech- 
nology to  subsidiary as  profits  are expected to higher if more 
advanced technology is used. 
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Ⅲ. Technological Spillovers from
   FDI Enterprises and its Effects 
   on Economic Growth

1. Review of Economic Growth Theories
Since the concept of technological progress was first in troduced 

into  neoclassi cal growth models (Robert Solow, 1956, 1957 and 
T. Sw an, 1956), the knowle dge creati on and t echnological 
progress have been regarded as central determinants of economic 
growth. However, in the neoclassical model, t echnological 
progress has been thought of as  an exogenous factor, and also 
has received only a passing discussion. In  addit ion, anothe r 
si gnific ant  feature of the neoclassica l model is that t he 
accumulati on of labor, capital, a nd other production factors 
wi th  diminishing returns to  scale or cons tant returns  to  scale , 
all ow s the economy to  converge to  a s teady s tate equil ibrium, 
where the level of per capit a income i s determined by sa vings 
and investment, depreciati on, and population growth. In  such a 
sc ena rio, there is  no permanent  income growth. P er capita 
income grow th is t hought  to  oc cur as  the economy moves 
towards  its  st eady stat e. On the other hand, increases i n 
sa vings , investment and reduct ion in  populati on grow th rate 
shift t he ec onomy to a higher s teady sta te income level. From 



22  International Technology Spillovers and its Effects on China’s Economic Growth

the view points  of developing countries , low income  and 
developme nt  levels  are not  only conse quences  but  also c auses 
of low sa vings  and popula tion growth rate s. As  a result , 
conve rgence in  per capita i nc ome l evels ca nnot occur unle ss 
technologi cal progress convergence happens as  wel l. In sum, 
the ne o-cl ass ical model  s tresses  the accumulation of capital , 
broadly defined, as the source of growth. A n important 
predi ction of t his  model is convergence, that i s, t he tendency 
for poor economies  to  cat ch up with  ric h ones . Howe ver, the 
model is  less interes ting in  its  pre di ctions about long-run 
economic grow th, w hich de pends e nt irely  on unexplained 
factors, spe cificall y, t he exogenous  rate of t echnological 
progress.

In  contras t, modern grow th models  regard t echnological 
progress as  an e ndogenous variable  with  constant return or 
increas ing return to  reproducible fac tors  as  a re sult of t he 
accumulati on of know ledge . Thus, knowledge is a public 
goods  t o some extent, and R&D , education training, a nd other 
investment s in  knowledge creati on is  thought t o help generate 
externalit ies which are t he  sources of increasing returns to 
sc ale for labor and phys ical capital .1) B ased  on these 
assumptions, an economy may experie nce  pos iti ve long-run 
grow th ins tead of merely converging to  the neoc lass ical  s teady 
st ate where per ca pi ta income s remain unchanged. In  sum, t he 
new endogenous grow th models  foc us  on the origins of 
technologi cal change, and stress t echnological advancement 

1) See R omer(1989 and 1990), Lucas(1988) as well as B arro(1995 ).
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amount ing to  the creation of new idea s. Tha t is, some type of 
imperfect c ompeti tion or eve n monopoly powe r over new 
products  or processes  is  seen a s nec essary for motivating t he 
disc overy of better t echnologies . Numerous  models  have  been 
developed along these lines, and have collectively been described 
as “endogenous  growth models” because they determine wi thin 
the model t he ra te of technologi cal change and, consequent ly , 
the economy’s long-te rm  grow th rate . 

2. Role of Foreign Direct Investment
   in the Economic Growth
Many empirical  studies  indi cate t hat  technologica l change 

and transfe rs  are important dete rminants  of economic grow th. 
MN Cs are respons ible for much of t hi s t echnological 
accumulati on, yet the neo-class ical  grow th theory ra re ly 
acknowledges thei r important role. FD I does not only 
influence the long-run growth rat e, but  also the level  of 
income. An e xogenous  i ncrea se in  FDI generally  tends  to 
increase the amount  of c api tal and output per person, but th is 
would only be tempora ry, as diminishing returns on t he 
marginal product of capital would impose a lim it on grow th. 
FD I can influence the long-run growth rat e only through 
technologi cal progress or growth of t he l abor force , w hich a re 
both considered exogenous. In  contrast, in  the e ndogenous 
grow th theori es, know ledge and te chnology a re  expect ed to 
generate growth endogenously. Thus F DI influences  economic 
grow th through suc h vari ables as R &D and human capit al. V ia 
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the form  of subc ontract ing, j oint ventures  and s trategic 
all iances, tec hnological lic ens ing, imports  of capital  goods and 
migration, the t echnological transfer and te chnology spill overs 
can occur. Thus , endogenous growth models sugge st t hat  FD I 
can speed up the developme nt  of new intermediate product 
varietie s, raise product qualit y, faci litate  in ternational collabo- 
ration on R &D, and introduce ne w forms of human capital . 
That is, with  the  firms’ access ion to  fi nance and a wider range 
of intermediate products, FDI can increase productivity  di rec tly 
in  the fore ign i nves tment firms and indirectly  in  local 
enterprises  t hrough know ledge  spi llove rs . A s a result, t he  exis - 
tence of tec hnology t ra nsfer and l oca l spil lovers  can pre vent 
the unbounded decli ne of the ma rginal productivit y of capital 
suggest ed in  conventional growth theory, thereby making 
endogenously driven long-term  growth possibl e.    

Furthermore, w hi le diminishing re turns  prevail ins ide t he 
enterprise, va rious  externaliti es outs ide the enterpri se can 
provide the nece ssary posi tive feedback to  sust ain  growth in 
the long run. MN C s c an create such posi tive exte rnali ties  for 
the local  economy w he n they transfer new t echnology and 
organiz ational forms direct ly  to  their affi liate firms. Thus, t he 
role of F DI in  generating these externali ties  is  important to 
promote growth. E special ly, the new intermediate  and capital 
goods  in  international trade le ad to  R&D  spillovers and higher 
productivit y growth. Some recent evidences  show that t he 
compos ition of imports appears to  influence productivi ty 
grow th, and domest ic R&D  al so has  a greater influence on 
productivit y growth t han foreign R&D . R ecent s tudie s based 
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on the endogenous  growth models  show tha t t echnological 
transfer and technologi cal spillovers from FD I tend to  promote 
long-run growth, but in some cases this crucially  de pends on 
the s tock of human capita l and the absorpt ive capacit y of 
firms i n hos t countri es. S ome empi ri cal s tudi es al so indicate 
that t he  scal e effects  found in  industrial  data show  that direct 
transfer of te chnology to  FD I firms ma y be more important 
than spi llover effects  from FDI fi rms  to  t he  domes tic 
economy. 

3. Technological Spillovers from FDI Enterprises

Numerous recent studies  show  that MN Cs pl ay an important 
role in  transferring technology, especia lly  conc erning the most 
advanced countries . F urthermore, the environment of host 
count ry is an important factor for the effective di ffus ion of 
technology to hos t e conomy, and technological  spil lovers  occur 
directly  through linkage s with the host count ry, labor ma rket 
and degree of compe titive pre ssure. 

In  general, technologica l t ra nsfers from FD I firms have two- 
way effect-direct or in ternal, and i ndirect  or indirect spil lovers . 
The former involves  the ownership and control , whil e t he 
latt er concerns other firms in  host economy. The two spillove rs  
have posi tive e ffect s on the diffusion of technology. MNC s 
can encourage  technical change and t echnological  learning 
directly  through the transfer of new tec hnology and organi - 
zati onal skills  to  their affili ates  firms. The absorptive capaci ty 
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is  infl uenced by such fac tors  as knowledge, skills  and 
experiences of F DI firms  and these  determine the pace  of 
technologi cal accumulati on within the enterprises. These direct 
effects  ca n appear a s changes  i n productivit y, indus trial 
st ructure, R &D e xpenditure a nd the c omposit ion of export s.

Technologic al spillovers can occur betw een firms  t ha t a re 
vertical ly  integrated with  the M NC s by the int er-i ndust ry  spill - 
overs  or in  direct competiti on with it (i nt ra -i ndust ry  spil lovers ). 
These  can incre ase technical change  and te chnological learning 
in  at  leas t four ways : 1) c ompeti tion with the foreign affiliate 
can increase intra-industry  spil love rs  by stimulating technical 
change and technological  le arning, 2) cooperati on between FD I 
firms and upstream suppliers  as  w ell as dow ns tream customers 
increases t echnological  spill overs , 3) human capital can spill - 
over from F DI firms to  host  fi rms as  skill ed labor moves 
betwe en employers, and 4) there is  t he demons trati on or im it a- 
tion spillovers.

B eside the technology spillovers aspect s of FD I as  described 
above , the training of M NC s’ employe es is  a lso thought to  be 
an importa nt  c hannel of t echnology spillovers of FDI. General 
and cognit ive skill s are parti cul arly  importa nt  de terminant of 
the amount of training undertaken, s ince a relat ively  high level 
of education reduc es t he  cost of further training w hi le rais ing 
expected benefits. Competition is another importa nt factor-firms 
that are protecte d from international or domes tic c ompeti tion 
are less  likely  t o invest in  costly  training programs .   

Productivity  and tec hnology spillovers are not automatic 
consequences of FD I, how ever. R ather, FD I and human capita l 



Ⅲ. Technological Spillovers from FDI Enterprises and its Effects on Economic Growth  27

in teract in  a complex manner(through some non-l ine ar relati on- 
ship between them), where F DI inflows  create  a potentia l for 
spil lovers  of knowle dge to  the local labor force, at  the time as 
the hos t country’s level  of human capital  dete rmines  how 
much F DI it attracts  and whether local firms are able to 
absorb t he potential spil lover bene fi ts. 

Howe ver, not all MN Cs act ivities  le ad to  t echnological 
transfer and pos itive spill overs . M NC s can have a negative 
impact on the di rect transfer of t echnology to  FD I firms and 
reduc e spillovers from F DI in  the host economy in  several 
ways . Especially , in  some c ases , F DI fi rms  can even elim inate 
competiti on by crowding out t he host product . It may also 
lim i t exports to  competit ors  and c onfine produc tion to  t he 
needs of MN Cs.

In sum, past studies  concerning technology spill overs  of F DI 
mainly i nclude the tw o aspec ts when identifying the ma gnitude 
and nature of technology spil lovers . The direct approach is to 
relate  productivit y measures  of hos t c ountry firms, as well  as 
the extent of foreign ownership in  the host c ountry. The 
indirect a pproach is  to  examine different aspe cts of t he 
interact ion between MN C s and host c ountry residents  that a re 
possibly relate d to  F DI spillovers, i.e. t he nature of t echnology 
spil lovers  of F DI in  host country fi rms . These natures  include 
aspec ts as follows:

1 ) Techno lo g y  lic ense s

Host count ry firms  obt ain  the equivalent of spi llove r 
efficiency benefits  when purc has ing or licensing te chnology 
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from FD I firms at a c os t. B y doing so, hos t country firms 
presumably gain from improve ment s in  effici ency. In  fact , 
fore ign inve stors appea r to  regard foreign investment and 
lic ens ing as  direct alternati ves . F or instance, in  C hina’s DVD 
and VC D manufacturing se ctor, Chinese firms are requi re d to 
pay an extra $10 for eac h DVD  or VC D  product sold  in  t he 
international market as a compensati on for technology lic enses 
to  foreign inves tors, because C hine se firms do not properly 
posse ss  the crucial technology of bui lding these products .

2 ) V e rtical  linkag es

The closer li nkages  between MNC s and domesti cally  owned 
firms are presumed to enhance spill overs  in  t he hos t country. 
For example, it is  presumed tha t closer commercial  t ies 
betwe en MNC s a ffil iates  and  “ups tream” suppliers  and 
“downstrea m” c us tomers lead to  a grea ter t ransfer of technical 
and commerc ial information to  suppli ers and customers . S o to 
an e xte nt , closer vertical  li nkages  are associated with  larger 
spil lovers  t o hos t country fi rms . 

3 ) “C o py ” o f techno lo g y  intro duced by  FD I

R elated to  is sues of vert ical linkage s i s t he  diffus ion of 
technology associated with  the early and successful  in troduc tion 
by  M NC s affili ates. The succ ess ful in troduction  of new pro- 
duction t echniques  and new products  reduces  the subjecti ve 
risk surrounding the adopt ion of the innovation and should 
therefore  promote more widespre ad a doption throughout t he 
populat ion of potential adopters in  the hos t country. 
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4 ) Im pact o f  F D I o n ho st co untry m arket s tructure, 
  e speci ally  c om pe titi v eness

FD I could have importa nt indirect impact by spill over effi - 
ciency be nefi ts to  t he extent that it alters  host  county’s  ma rket 
st ructures . N evertheless, the fai lure  t o account expl icitly  for 
these indirect structural linkage s ma y be a serious liabili ty  of 
exis ting lit erature. 

5 ) Labo r trai ni ng

General ly, technology i s embodied not only i n machinery, 
equipment, patent rights  and expatriate managers and technicians , 
but  also in  t he human capi tal of the  affiliate s’ local employee s. 
In  fac t, MNC s may pay “effi ciency wages”  t o productive 
employees in  their affili ates  in  order to  keep them from 
“defecting” to  domest ically  owned competitors. F or e xample , 
the mobility  of employees from MN Cs in  the computer and 
softw are i ndust ri es contribut es to  spillovers, both w ithin  t he 
indus try  and else where. 

6 ) Pe rfo rm a nce o f res earch and dev el opm e nt(R & D ) 
  by  M N C s’ a ffi liates i n the ho st c o untry .

A long-standing poli cy c oncern about  foreign ownership is 
that MNC s wil l centrali ze R &D in the parent company and 
leave t hei r foreign affi liate s to  perform a very modes t amount 
of R&D  that foc uses primarily  on modifying the parent 
company tec hnology for t he foreign market. Domes tical ly 
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performed R&D  expenditures have  been found to  generate 
si gnific ant  spi llover efficie ncy gains.  

Modern grow th theory is  now l argely bui lt on models  wi th 
constant or increasing returns  to  re produc ible factors as  a 
result  of the acc umulat ion of know ledge . The t echnological 
accumulati ons  brought  by F DI are c ons idere d endogenous , 
thereby differing from the a pproach of assuming exogenous 
increase of FD I on growth as  in  neo-class ical  model s. He nce , 
technologi cal progress generated by F DI is  thought to  be an 
important source of growth i n the long run. S pecifical ly , 
technical change and R&D are the most importa nt determinants 
of economic growth.2)

2) See J. Tem ple(1999), “The New Growth Evid ences”, Journal  of Eco nomic Li terature, 
37 (1), pp.112-156.
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Ⅳ. Statistical Methodology

The framew ork of models  used here are mainly based on 
approaches  in  t he  lit era ture  including Ishaq Nadiri and 
Se ongjun Kim’s G-7 model(1996) of R&D spill overs integra ting 
trade pattern and return ra te of R &D investment, t he  G NP 
funct ion approach suggested by Burgress (1974) and Kohl i(1978), 
the t echnological spillover models  proposed by C oe  and 
Helpman(1995), F rank L ichtenberg(2001), B erns tein  a nd Nadiri 
(1988), Bernst ein  and M ohnen(1994) and so on. Total  fa ctor 
productivit y3 ) is  measured by e stima ting t he res idual term  of 
the production function.

1. Measuring of Productivity in China’s 
  Provincial Data level
Productivity  is  regarded a s the residual of produc tion 

funct ion, which is  used t o estimate t he  effects  on economic 
grow th resul ting from te chnological progress . S pecificat ion of 
the production func tion is used as a dete rminant i n measuring 

3) See Seng R ok Park, 2003 , “Economic Performance of Korean F irms and Ev aluation 
of R est ructuring Tools during F inanci al C ri sis”, as well as Lee-in Chen Chiu, 1999, 
“Determinants  of Total Factor Produ ctivity of FDI in China: Im plicati ons for East 
As ia’s C apabili ty on International Production”. 
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to tal factor productivit y(TF P). In  order to  examine production 
efficiency, scale  economies, and technologi cal change, the pro- 
duction fronti er approa ch as develope d by Farrell (1957) is  also 
adopted here. The early  s tudies assume the frontie r is  an 
important determinant, and a s tochasti c frontier model is 
develope d.

B ased on the c harac terist ics among the different production 
funct ions ,4) the trans log production function, which is the more 
general and flexible  functional form  of C obb and D ouglas ’ 
production function(1928, 1934) extende d by C hri stensen, 
Jorgenson and Lawrence J. Lau(1973), is  applied in  e stima tion 
of produc tivity  in  China’s provinc es. In  t hi s st udy, we use 
C hina ’s  provinc ial panel  and cross -sect ion data to  es timate 
production te chnology in  orde r to  examine a nd c ompare t he 
effects  under different framew orks .

The basi c formula of t he Cobb-D ouglas  production func tion 
is  show n in  equat ion (1). 

βα LAKY =   (1)

where, Y de notes  a nnual output of C hina ’s  provinces; L 
denotes la bor employed;  K denotes  capital s tock. If α +β= 1, 
then this  product ion technology is  c ons ide re d as exhibi ting 

4) In the results es timated by these models, not  all the deriv ed results  are reasonable for 
int erpretations  of situations  in C hina’s provin ces. So we decide t o cho ice the better 
one from such  as Solow model Cobb-Douglas function etc. in the est imated res ults - 
translog product ion funct ion - t o measure the productivi ty of China’s  provinces, this 
is mainly based on  considerat ion that t ranslog function has less constraining for the 
vari ables of models such as di stribution of residual  etc. these properti es are very 
suit abl e to the proces sing of cross sectional data sets in t he st udies. 
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constant returns to  sca le. A , α and β are parameters  det er- 
mining t he production technology, and respectively expre ss  scale 
economies, output elas ticit y of la bor and capital. The general 
form  of this  production function may be expressed by e quation 
(2).
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where, α0 is t he output elas tici ty  for input factors used to 
measure TFP of C hina’s province s; L  denotes la bor employed 
of C hina ’s  provinc es5) in  ten thousand pe rsons ; K  de notes  t ota l 
fixed asset  inves tment of China’s  provinces  cons ist ing of 
domesti c and foreign fixed asset  investment , and is  mea sured 
in  100 mil lion Y ua n R MB ; Y  denotes  the output of China’s 
provinces  i n 100 milli on Yuan R MB . 

The form of production func tion above is called t he tran- 
sc endental logarithmic production function, or translog production 
funct ion. B ased on the special properties  of t his  func tion, it is 
often used t o quantitatively  dete rmine technologi cal progre ss as 
wel l a s othe r factors such as the e ffect s of labor, human 
capita l stock and other soci al capital  stock on productivi ty . 

5) This notion is di fferent from the con cept “St aff an d W orkers”. Here, the labor 
employed expres ses the persons em ployed in various units, such as ful ly-em ployed 
s taff and workers, re-em ployed retirees, teachers in schools run by the local people, 
foreigners and C hinese compatriots(Hong Kong, M acao, Taiwan), part-time employees 
and em ployees of o ther units working temporarily at current  pos ts as wel l as 
employees hold ing the second job, but exclude the staff and workers leaving thei r 
working units while keeping t heir employment relat ion. Thus , thi s indi cator shows 
total  laborers engaging in product ion or other operations in various units i n C hina’s 
provinces. 
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Solow (1957) measured the tota l factor productivity  through 
examining the residual t erm  of the C obb-Douglas  produc tion 
funct ion, and pointe d out the w ell-know n “S olow  R esidual 
term”.6) R ecent li terature fol lowing a sim i lar fashion is 
Mankiw and Romer (1992). Y. Konishi and Y. Nishiyama(2002) 
found interest ing rela tionships via comparing Japane se output 
elas tici ties  of input fa ctors ove r t he period 1965 to  2001 
betwe en the C obb-Douglas and Trans log production funct ion: 
production tec hnology derived by the trans log produc tion 
funct ion seems  to  have been changing over time, so  that i t is 
thought that not only the parameters, but also the functional 
form  could also be different across  t ime. In  contrast, the labor 
and capital productivit y show  a surpris ingly c lose mirror 
image, a nd t he  parameter associ ated wi th  labor has be en 
increas ing, while  that associat ed  w ith  ca pi tal ha s been 
decreas ing. Their st udies  show that the C obb-Douglas 
production function fi ts the da ta well over the time series, and 
has a c lear m i rror ima ge, although the model is not assumed 
to  exhibit consta nt  returns  to  sca le (α +β= 1). B ecause  of t he 
variation of the property  of product ion technology ove r time , 
modeling of product ion technology ba sed on the t ra ns log 
production function seems  to  be more rea sonable, and t he 
derived result s of the C obb-D ouglas  production function seems  
to  be  nes ted i n the translog production function. P roductivi ty 

6) See Thij s t en Raa(2003), “Debreu’s Coefficient of Resource Uti lizat ion, t he Solow 
R esidual, and TFP:  The Connection by Leontief Preferences,” Working Paper Ser ies, 
Til burg Universit y, the Netherlands . For a simi lar method, s ee Alain Paquet  and 
B enoit  Robidou x(1997), “Iss ues on t he Meas urement of the Solow Residual and the 
Testing of i ts Exogenei ty: a Tal e of Two Count ri es.” 
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derived by t he  trans log production function can be expressed 
by equation (3) a s foll ow s.

  ))ˆ()(exp( iii YLnYLnTFP −=  (3)

where,  is measured by trans log production function; Yi 
denotes the output of China’s provinces w ith  uni t 100 mil lion 
Yuan R MB . TEPi denotes the t ot al factors productivi ty 
es timated by the translog product ion funct ion. 

2. Modeling of Effects of Technology spillovers from
  FDI on TFP and Economic Growth
In  order to  est imate the e ffect s of FD I on TF P, we first 

construct a wa y to  measure tec hnological spi llove rs  from FD I. 
International technological spillovers have no sta ndard me asuring 
method, and the existi ng qua nt itative analys is mainly focuses 
on the impact of F DI on domes tic product ivity  grow th. The 
measuring of technological  spillovers is  generally  carried out 
via being either dise mbodied or embodied in  the partic ula r 
channel s(Frank Lichte nberg, 2001). Thus , based  on  the avai lable 
data set s in  China’s provinces, w e ca n capture the technologi cal 
spil lovers  of foreign ente rprises through using FDI s tock 
weighte d the share s of in terna tiona l trade in  G DP in  host 
country(C oe &  Helpman, 1995) and the shares  of employees  of 
fore ign e nt erprises in total employees  in  hos t country(B rain J . 
Ai tken a nd A nn E. Ha rrison, 1999). That i s, FD I imports  and 
employees of foreign enterprise s a re respecti ve ly embodie d in 
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FD I s tock so as to  measure the technologi cal spillovers of FDI. 
Domestic technological spill overs  mainly are closely  associat ed 
wi th  domest ic R&D  expenditures and human capital s tock 
(Duncan M cvicar, 2002). Then, w e c an init ially  make t he 
determinants  affecti ng the  tec hnological spill overs, and 
construct the models  of e ffect s of dome stic  and foreign 
technologi cal spill overs  on productivity  and economic grow th 
in  China’s provinces(See model (4) and (5)). These variables 
are expected to  have posi tive  effects on productivity  and output  
of C hina’s provinces.
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And the effects  of technology spil lovers  on output of 
C hina ’s  provinces is  as  follows:
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In  order to  demonstrate whether t he level of accumulation of 

huma n capital  st oc k in  C hina’s provinces has re ached the l evel 
to  a dequately absorb the adva nce d technology brought and 
R &D pe rformed by t he  developed countries via FDI inflows , 
we add t he ir in teracti ve term  into  the models . The n, t he 
models of measuring the effects  of te chnological spi llovers on 
TFP  and output in  C hina’s provinces  are as  follows:
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And then t he  e ffect s of t echnology spillovers on output of 
C hina ’s  provinces is  suc h as:
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        (7)

where, T EPi denotes  the product ivit y in  C hina’s  provinces;  Yi 

denotes the output of C hina ’s  provinces;  D rdi denotes  t he 
expenditures  of re search and deve lopment(R &D) of dome stic 
enterprises  in  China’s  provinces, and are  measured in  t en 
thousand Y ua n R MB ; Dim i denotes imports of domest ic ent er- 
prises  in  ten thousand dollars;  HC i denotes  human capital , 
which refer to  the number of student enrol lment in  both 
se condary school and insti tut ion of higher educa tion in 
persons;  Fimrdi denotes t he t echnological spillover of foreign 
enterprises  by importi ng advanced products  and technology or 
sophist icated equipment, and so on, and i s expressed by t he 
shares  of import s of fore ign enterprises  in C hina’s provincial 
GD P we ighte d foreign direct  i nves tment st oc k in  ten thousand 
dollars;  Fe mrdi denotes the tec hnological spil love rs  ge nerat ed 
by domest ic workers  absorbing the advanc ed te chnology 
through training and lea rning by doing i n foreign ent erprises 
expre ssed by the  shares of employees  of foreign enterprises  in 
C hina ’s  provinci al to ta l employment we ighed foreign direct 
investment  st oc k; Hfdii de notes  the interactive term  of human 
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capita l s tock and F DI stock in  C hina’s provinces. 

3. Data Description
The data  se ts in  this  s tudy a re  based on C hina’s provincial 

level, and covers 31 provinces for the period 1992 to 2001. 
W e measure productivity  over the period 1992 to  2001 for 
C hina’s  provinces . H ow ever, because the data set s on domes tic 
R &D a nd e mployment of foreign enterprises  over 1992 to 
1995 are unavail abl e, effect s of domes tic R &D a nd technological  
spil lovers  of foreign enterpri ses  on productivit y and output in 
C hina ’s  provinces only can be  es timate d for the latte r period 
of 1996 to 2001. Measuring the technological  spi llove rs  follows  
the approach of C oe  and H elpman(1995), Lichtenberg(2000) 
and Aitken and Harrison(1999), and w e also apply import - 
weighte d and employment-w eight ed F DI inflows s tock7) in 
control ling for the e ffect s of technological  spi llove rs  of foreign 
enterprises  on productivity , and use  domest ic human capital 
st oc k, import s of dome stic  enterprise s and R &D expenditures 
to  de pic t t he ir effect s on productivity  of C hina’s provinces . 
Furthermore, the effe cts of in teract ing betwee n human capital 
st oc k and FDI inflow s s tock are appli ed in  measuring t he 
essential  condi tions  of technologi cal spi llovers of F DI inflows 
in  C hina,8) that is , whether or not  human capital s tock i n host 

7) Foreign di rect  investm ent inflows stock is m easured based on the init ial  year of 1987. 
8) Thi s method of estimat ion is also used by E. Borensztein and J. De Gregorio(1998) 

as well  as Benhabib and Spiegel (199 4) et  al. See their p aper “How does Foreign 
Di rect  Investmen t Affect  Econ omic Gro wth”, Journal  of international  Economics, 
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count ry has reac hed the level that adequately  absorbs the 
advanced tec hnology from FD I firm  to  generate te chnology 
spil lovers . Tot al fixed asset investment in  the model s contains 
domesti c fi xed asset i nves tment and foreign fi xed asset 
investment .9 ) F DI inflows and total fixed asset investment  in 
the models are al l re garded as real  varia bl es, and t he  discount 
factors are also considered in  t he measure  of re al to tal fixed 
asset investment stock i n C hina’s  provinces .10) H uma n capital 
st oc k is  base d on the me asure of the sum of s tudent 
enrol lment in total secondary school containing urba n areas , 
count ies and tow ns , as  well as  in  insti tu te of higher educ ation.

1998, Vol.45, pp.115-135.
9) According to the dat a level  released by n ati onal st ati stic bureau , t otal  fixed ass et 

i nvestment  is  measured b ased on the i nitial year of 1988, which include both foreign 
and domesti c fixed asset  investment. 

10) The consumer pri ce index and fi xed asset investm ent price index as well  as discount 
value of fixed asset  investment are considered in the measure of real  vari ables and stock. 
These data sets are from www.cei.gov.cn collected and edited by National  S tati stic 
Bureau, National Planning Committee and National i nformation C enter in China.
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Ⅴ. Main Empirical Results of Models
  

Table 1  show s the results  from the e stima tion by t he 
translog production function. These derive d results  show st rong 
positi ve e ffect s, alt hough not all a re  s tati sti cally  si gnifica nt . 
That is , nearly  all coefficients  for both labor and fi xed asset 
investment capital stock in China’s provinces have the  cha ra c- 
teris tics  of increasing marginal re turns  to  sc ale from 1992 to 
2001 except for the ne gat ive coe ffic ient of capital  s tock in 
1998. B ut, in  the panel data analysis , which represents a 
synthes ized result, the es timat ion i ndica tes t hat  the labor 
variable initi ally  has features  of i ncreas ing marginal  re turns  to 
sc ale having a pos itive c oeffici ent of 1.374 and i s s tatis tical ly 
si gnificant at the  1% level. But this shifts to  exhibit de crea sing 
returns to  scale having a negative  coefficient value of -0.119 
for latter periods; fixed asset  inves tment ca pit al s tock variable 
exhibits i ncrea sing marginal  returns to  scale having coefficie nt 
0 .609 and 0.018, w hich are st atis tical ly s igni fi cant a t t he  1% 
level. The output ela stic ities  of labor i nputs  generall y are over 
unity , and that  of capit al s tock i nputs are less  t han uni ty 
except for 1993, 1994, and 1995. These result s sugges t that 
labor i nputs  may have  had a l arger contribut ion to  output than 
capita l s tock input s in  C hina. The former has  a larger output 
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elas ticit y of input s tha n the l atter. R esult s of the panel ana lys is 
also show simi lar resul ts. Capit al s tock inputs in  the ne ar 
m iddle of the 1990s(1993-1995) ha ve a l arge r cont ribution to 
output than in  the late 1990s. The pa rameters  of a ll t he models  
from 1992 to  2001 as w ell as  the  panel model have an 
accepta bl e F -stat isti c a nd higher adjusted R squared value , 
which respecti ve ly run over 100 and 0.9 .

<Table 1> Estimation results of translog production function 
considering total fixed asset investment containing foreign and

domestic fixed Asset Investment
Dependent Variable : Ln(Yi), Method : Pooled Least Squares.

Va ria ble α0 αL αK αLL αKK αLK Adj.R -sq. F- sta tist ic
Model92t- Sta tist ic - 3.7413)

- 3.973 1.0822)
2.309  0.9482)

 2.196 - 0.110- 1.081 - 0.076- 0.837  0.022 0.327 0.986 403.328

Model93t- Sta tist ic - 5.3023)
- 4.730 1.2432)

2.571  1.2413)
 2.986 - 0.190- 1.692 -0.1931)

- 1.892  0.088 1.062 0.981 297.325

Model94t- Sta tist ic - 3.2773)
- 2.917 0.7791.563  1.0382)

 2.455 - 0.125- 1.115 - 0.141- 1.501  0.082 1.055 0.981 304.218

Model95t- Sta tist ic - 3.5593)
- 2.929 0.7651.491  1.1282)

 2.459 - 0.142- 1.233 - 0.164- 1.704  0.098 1.257 0.980 287.159

Model96t- Sta tist ic - 5.3663)
- 4.027 1.6453)

2.961  0.789 1.554 - 0.3182)
- 2.606 - 0.160- 1.574  0.1461)

 1.807 0.978 261.903

Model97t- Sta tist ic - 4.8683)
- 3.278 1.2721)

1.939  0.985 1.683 - 0.235- 1.654 - 0.148- 1.413  0.113 1.339 0.977 243.920

Model98t- Sta tist ic - 3.002- 1.489 2.1051)
2.517 -0.298-0.429 - 0.098- 0.533  0.2272)

 2.563 -0.117-1.346 0.954 125.277

Model99t- Sta tist ic - 3.217- 1.537 1.7191)
2.019  0.121 0.158 - 0.119- 0.652  0.115 0.985 -0.052-0.540 0.954 124.983

Model2000t- Sta tist ic - 3.517- 1.558 1.3191.484  0.558 0.642 - 0.114- 0.622  0.029 0.208 -0.012-0.113 0.950 116.105

Model2001t- Sta tist ic - 3.442- 1.400 0.8720.918  0.901 0.897 - 0.109- 0.568 - 0.046- 0.276  0.034 0.287 0.949 113.362

M odel1992-2001t- Sta tist ic - 3.8783)
- 8.141 1.3743)

8.115  0.6093)
 5.664 - 0.1193)

- 3.660  0.018 1.054 -0.010-0.669 0.974 2239.567

Note : 1)means “significant” at the level of 10%.
      2) means “significant” at the level of 5%.
      3) means “significant” at the level of 1%.
        For the null hypothesis, H0 : Coefficient = 0. 
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<Table 2> Estimation results of total factor productivity for
China’s provinces

Provinces 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
B eijing 0.991 0.977 0.965 0.993 0.951 0.929 0.937 0.933 0.896 0.905
Tian jin 1.076 1.097 1 .157 1.191 1.215 1.203 1.430 1.379 1.350 1.316
Hebei 1.024 0.982 0.975 0.966 0.952 0.896 0.933 0.898 0.871 0.847
Shanxi 0.927 0.898 0.872 0.980 1.008 1.038 0.973 0.917 0.886 0.925

Inner Mongolia 1.051 0.982 0.980 0.966 0.976 0.986 1.080 1.089 1.082 1.117 
Liaoning 1.251 1.246 1.131 1.007 0.984 1.048 1.248 1.288 1.305 1.297

Jilin 1.072 1.038 1.049 1.091 1.043 1.124 1.214 1.253 1.253 1.264
Heilong jiang 1.093 1.219 1.345 1.367 1.384 1.389 1.369 1.387 1.417 1.413

Shanghai 1.040 1.236 1.176 1.128 1.149 1.121 0.852 0.925 0.976 1.020
Jiangsu 1.114 1.147 1.131 1.106 1.063 1.044 1.075 1.071 1.090 1.081

Zhejiang 0.771 0.874 0.881 0.882 0.824 0.824 0.824 0.824 0.811 0.798
Anhui 0.928 0.970 1.135 1.182 1.131 1.112 1.008 1.043 1.008 1.040
F ujian 1.109 1.134 1.153 1.172 1.140 1.158 1.216 1.185 1.135 1.166
Jiangxi 0.973 0.976 0.995 1.042 1.138 1.221 1.106 1.138 1.230 1.351

Shandong 1.050 1.014 1.114 1.125 1.222 1.231 1.374 1.358 1.378 1.361
Henan 0.967 1.021 0.956 1.048 1.122 1.037 1.031 1.012 1.029 1.011
Hubei 1.271 1.173 1.078 1.004 1.039 1.081 1.178 1.138 1.138 1.104
Hunan 0.936 0.967 0.990 1.036 1.121 1.135 1.064 1.063 1.107 1.139

Gua ngdong 0.951 0.812 0.808 0.846 0.881 0.911 0.924 0.942 0.951 0.958
Guangxi 1.091 0.961 0.954 0.879 0.867 0.830 0.804 0.753 0.742 0.774
Ha inan 0.922 0.751 0.752 0.745 0.768 0.761 0.920 0.870 0.824 0.817

Chongq in n/a n/ a n /a n/a n /a n /a 1.442 1.502 1.525 1.391
Sichua n 0.957 1.025 0.960 0.958 0.819 0.806 0.843 0.846 0.810 0.788
Guizhou 1.036 1.079 1.050 0.976 0.919 0.871 0.584 0.649 0.676 0.672
Yunnan 0.934 0.871 0.901 0.772 0.843 0.824 0.771 0.760 0.753 0.748
Xizhang 1.033 0.969 1.032 0.960 1.014 1.049 1.012 1.086 1.119 1.190
Shaanxi 0.840 0.862 0.830 0.837 0.843 0.845 0.787 0.798 0.802 0.827
Gansu 0.869 0.874 0.894 0.926 0.934 0.931 0.802 0.823 0.817 0.812

Qinghai 0.992 1.137 1.058 1.104 1.022 1.026 0.961 0.931 0.930 0.887
Ningxia 1.017 1.098 1.043 1.109 1.104 1.031 0.925 0.876 0.863 0.832

Xingjiang 0.880 0.851 0.875 0.867 0.823 0.863 0.952 0.902 0.917 0.844
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Table 2  presents t he  variation of productivity  i n China’s 
provinces  over the period 1992 to  2001 by e stima tion of t he 
translog product ion function. The main coas t and indus trial 
cit ies or provinces in  C hina such as Bei jin , Tianjin, Liaoling, 
Inner M ongolia, J inlin , Hei longjia ng, Shanghai, Ji ansu, Anhui , 
Fuji an, Jiangxi, Shandong, H enan, Hube i, Hunan, Guangdong,  
and C ongqin, have larger values  of over unity(or 0 .9). In 
contrast, mos t of t he provinces in  w este rn region have a 
sma ller value of 0 .7 t o 0 .9  than the main coas t and indus trial 
citi es or provinces in  C hina , such a s X ingj iang, Qinhai, G ansu, 
Yunnan, Si chun, Guizhou, Guangxi, Shaanxi, and so on. 

Table 3  presents  the empirical results of the effects  of 
domesti c R &D, import s of domesti c enterprises, human capital 
st oc k, import-embodied and e mployment-embodied foreign 
enterprises  on the productivity of China’s  provinces . P arameters 
of the model s from 1996 to  2001 as  w ell as the panel analysis  
have acc ept able F -stat isti c values  and higher adjust ed R 
squared values . F -s tati sti c values  generally  a re over 18, and 
adjust ed R  squared values a re  around 0.8  to  0 .9, and 0.58 for 
the panel mode l. The results  of the model s show  that  domesti c 
R &D expe nditures  have pos itive effects  on product ivity  e xce pt 
for 2000, and parts of coeffic ients are s tatis tically  significant at 
the 1%  or 5%  level. But, domes tic imports  have negative 
effects  on productivit y except for 2000, and the coeffi cients 
are s tatis tica lly  si gnifica nt  at the level of 1%; for 2000, t he 
parameter is positi ve ly s ignifi cant at  the 10%  level and for 
2001 is ne gat ive but not stat isti cally  s ignificant. H uma n capital 
st ock also has  robus tly  posi tive effects  on productivity , and the 
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coefficients  are all sta tist icall y significant at the 1%  level , 
except for 2001. Import-embodied F DI stock has negative 
effects  on productivit y except for 2000, and the coeffi cients 
are s tatis tica lly  si gnific ant  at t he 1%  le vel (exc ept  for 2000 
which exhibit  positi ve  effect and for 2001 when paramete r is 
not significant). The employment-embodied FDI s toc k show 
robus tly  posi tive effect s on productivity , a nd all coeffi cients 
are st atis ticall y s igni fi cant at the 1% level except for 2000 
which is  st atis ticall y s ignificant at the  5%  level. Thus, t he 
result s sugges t tha t the grow th of productivit y of C hina mainly 
depends  on domes tic R&D  e xpenditures, human capital  s tock 
and knowledge spill overs  from employee trained by foreign 
enterprises . I contras t, imports of domes tic and foreign ent erprises
generate adequate technological spil lovers to  increase  productivi ty 
in  China’s  provinc es. These result s suggest that the im ita ting 
abilit y by imported goods  is rather l im ited. On the other hand, 
imports of foreign ent erprises are mainly dist ri buted i n t he 
initi al commodity or lower te chnological i nte ns ive products , 
and thi s is  cons ist ent wi th the fact  that most foreign enterprises  
use China primaril y as a ma rket or export-processing base, and 
carry out the export-oriente d investme nt .

W e explore  t he  domes tic and foreign factors influencing t he 
productivit y of C hina’s provinces  in  model  (3). In  order t o 
verify  whether t he variables in  models of productivity  have a 
sim ilar nature as  that in model s of output  in  C hina’s  provinces , 
mode l (4) is  const ructed to  present vari ation of effects  of these 
variables  affecting output  in  C hina ’s  provinces . The resul ts in 
Table 4  show that the models  over the pe riod 1996 to  2001 as  
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wel l as t he panel model by G eneralized Leas t Squares(C ross 
Se ction W eights) have robust features, and all the models have 
acceptable F-s tatis tic va lue s, a nd adjus ted R  squa red va lue s are 
also over 0 .9 . Domes tic R&D  has  posit ive effect s on output in 
C hina ’s  provinces , and the coefficients  all  are s tatis tical ly 

<Table 3> Effects of domestic R&D and technology spillovers of
international R&D on productivity

Dependent Variable : Ln(TFPi), Method : GLS(Cross Section Weights)
Va riab le α1 α2 α3 α4 α5 α6 Adj.R-s q. F- sta tist ic
Model1996- 2001  0.0821)  0.005 -0.0723) 0.0333) - 0.0263) 0.0753) 0.580 49.044
t- Stat istic  1.850  1.362 -13.722 4.695 - 5.864 13.174
Model1996  0.1333)  0.0273 ) -0.0963) 0.0523) - 0.1033) 0.1643) 0.845 31.496
t- Stat istic  4.317  9.111 -27.198 7.641 - 15.275 21.260
Model1997 -0.143  0.0172 ) -0.0753) 0.0813) - 0.0473) 0.1013) 0.920 60.525
t- Stat istic -1.429  2.752 -10.341 5.746 - 8.440 16.716
Model1998  0.3203)  0.006 -0.1053) 0.006 - 0.0413) 0.1133) 0.994 999.130
t- Stat istic  6.337  0.718 -6.927 0.926 - 6.593 9.724
Model1999 -0.1592)  0.002 -0.0443) 0.0713) - 0.0593) 0.1023) 0.935 84.235
t- Stat istic -2.567  0.173 -3.435 6.022 - 13.436 12.883
Model2000 -0.179 -0.0403)  0.0004 0.0553)  0.0101) 0.0151) 0.872 40.563
t- Stat istic -1.546 - 3.734 -0.028 3.560  1.959 1.901
Model2001  0.089  0.022 -0.0703) 0.017 - 0.011 0.0543) 0.751 18.529
t- Stat istic  1.199  1.148 -7.007 1.198 - 0.856 4.371
Note : 1)means “significant” at the level of 10%.
      2) means “significant” at the level of 5%.
      3) means “significant” at the level of 1%.
        For the null hypothesis, H0 : Coefficient = 0. 
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signific ant  at the 1%  level, exc ept  for 2001 when coeffi cients 
are sta tist icall y si gnific ant  at  t he 5%  le vel . D omes tic imports 
also have pos itive effects  on output on China’s  provinc es. The 
coefficients  al l are sta tist icall y significant at the 1%  level , 
except for 1996 w he n it  i s s tatis tical ly  s ignificant at the 5% 
level, and have  a n increas ing tendency over t he  years . Human 
capita l has  posit ive effect s on output as wel l, and t he 
coefficients  all are highly sta tist ically  s igni fi cant at the 1% 
level. A s wi th  t he  models  of productivi ty , import-embodied 
fore ign enterpri ses  also have negative effects  on output of 
C hina ’s  provinces in  the period 1996 to  1999, a nd the coef- 
ficients  of the panel model as well  are s tatis tical ly  si gnifica nt 
at the 1%  level. B ut, negative effects appear for 2000 and 2001, 
and the coeffi cient in 2000 is sta tist ically  significant at the 1% 
level. This suggest s that components of imports from foreign 
enterprises  si nce  2000 have greatly  change d, trending t ow ard 
more sophist icated t echnological  products such as  advanced 
equipment s and tool  benefiting the output and productivity  in 
C hina . This  is  cons ist ent  w ith  t he resul ts in  models  of produc- 
tiv it y for the years  2000 and 2001. Employment-embodied 
fore ign enterprises  also have pos itive effects  on output of 
C hina ’s  provinc es as shown by the model  of productivi ty . 
Howe ver, in  2000 a nd 2001, they have ne gat ive e ffec ts on 
output although contributions are very small, a nd the ir output 
elas ticit ies are -0 .009 and -0 .041 respectively. S imilar situation, 
as  models of productivit y in  2000 and 2001, w ith  small  output 
elas ticiti es of 0.015 and 0.054, respecti vely, are  displayed. This 
implies  that amounts  of MN C s inflows in  C hina  have had a 
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signific ant  growth along with  C hina’s economy increas ingly 
being i nt egrat ed i nto the w orld  economy, in  particular by 
C hina ’s  acc ess ion to  W TO. F oreign enterprises have willingly 
tended to  become ent erprises w ith  sole foreign funds, thereby 
leading to  variat ion of employment components  i n foreign 
enterprises , and this directly  affec ts the contributions of 

<Table 4> Effects of domestic and international R&D on output
Dependent Variable : Ln(Yi), Method : GLS(Cross Section Weights)

Variable β1 β2 β3 β4 β5 β6 Adj.R-sq. F-s tat istic

Model1996-2000 3.5853) 0.0933) 0.0873) 0.7433) -0.0373 ) 0.1183) 0.999 67030.740
t-Statist ic 92.645 9.676 12.392 78.699 -4.186 11.176
Model1996 3.3213) 0.1053) 0.0562) 0.7833) -0.0362) 0.1263) 1.000 72224035.00
t-Statist ic 37.965 9.207 2.683 50.508 -2.481 9.805
Model1997 3.3373) 0.1133) 0.0533) 0.8143) -0.0883) 0.1903) 1.000 958886.400
t-Statist ic 26.530 7.269 2.990 42.338 -17.065 30.128
Model1998 3.6233) 0.1363) 0.0603) 0.7413) -0.0543) 0.1243) 1.000 120180.300
t-Statist ic 49.309 10.102 6.071 36.150 -4.982 7.809
Model1999 3.4043) 0.0993) 0.0953) 0.7883) - 0.0893) 0.1743) 1.000 404628.100
t-Statist ic 56.679 7.433 6.328 69.693 -4.712 7.223
Model2000 3.4153) 0.0703) 0.1653) 0.7203) 0.0603) -0.009 1.000 270694.000
t-Statist ic 37.872 5.363 10.874 34.000 10.085 -1.057
Model2001 3.5763) 0.0302) 0.2093) 0.6823) 0.0983) -0.0413 ) 1.000 59650.070
t-Statist ic 37.950 2.264 19.341 34.096 7.089 -3.509
Note : 1)means “significant” at the level of 10%.
      2) means “significant” at the level of 5%.
      3) means “significant” at the level of 1%.
        For the null hypothesis, H0 : Coefficient = 0. 
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employment  of foreign ente rprises to  C hina’s economy.
In Table 5, on the bas is of model  (4), we add the i nt era ctive 

term  betw een human capita l st ock and FD I inflow s s tock in 
model (6) to  examine whether the domes tic human capital stock 
have adequa tely  absorptive abili ty  of t he  advanced t echnology 
brought by F DI inflow s to  gene ra te technologica l spillovers 
effects  on productivit y. The results  are strikingly sim i lar to 
result s of model (4). That is , domes tic R &D expendi ture , 
employee-weighted F DI s tock and human capital  s toc k ha ve 
positi ve effects  on produc tivity , a nd coeffi cients are robust and 
statistically significant. Domestic imports and import-weighted FDI 
stock have negative effects on productivity , and mos t of t he 
coefficients  are stat ist ically  s ignifi cant, exc ept  for 2000 and 
2001. The interacti ve  term  between human capital s tock and 
FD I stock present negative effect s on produc tivity , and t he 
coefficients  are stat isti cally  s ignificant a t the 1%  l eve l. This 
suggest s that domesti c human capital s tock have not reached 
the level suffici ent  to absorb technology spil lovers  from FD I 
firms to  promote produc tivity  i n host country. 

Similarly , in  Table 6, on the bas is  of model (5), w e also 
add the interact ive  term  for human capita l st ock and FD R 
inflows  s toc k in  model (7) t o examine w hethe r lim it ed 
technologi cal spil love rs  can gene ra te pos itive effects  on t he 
output of host country. The results  are again s im ila r to  t he 
result s of model (5). That i s, domes tic R&D  expendi ture and 
imports, employe e-weighted FDI s toc k and human capital 
st oc k have posi tive effects  on domes tic output, and coeffi - 
cients  are robust  and s tatis tical ly  significant. Import-w eight ed 
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<Table 5> Effects of domestic R&D and technology spillovers of
international R&D on productivity adding the interactive term

between human capital stock and FDI inflows stock
Dependent Variable : Ln(TFP i ), Method : GLS(Cross Section Weights)

Varia ble α1 α2 α3 α4  α5 α6 α7 Adj.R- sq. F- sta tist ic
Model1996- 2001 1.8343) 0.0102) -0.0783) 0.3213) 0.001 0.1443 ) -0.1753) 0.613 46.935
t- Sta tist ic 11.949 2.218 -11.494 14.324 0.192 16.150 -12.555
Model1996 0.9573) 0.0303) -0.1023) 0.1653) -0.0633) 0.1653 ) -0.0793) 0.995 1024.530
t- Sta tist ic 30.568 17.949 -41.985 20.845 -14.964 38.543 -20.497
Model1997 2.4663) 0.0323) -0.1133) 0.3923) 0.000 0.1823 ) -0.2273) 0.957 97.810
t- Sta tist ic 35.965 16.772 -72.176 33.611 0.162 48.418 -35.016
Model1998 3.0463) -0.008 -0.0913) 0.4423) 0.0493) 0.1543 ) -0.2713) 0.997 1455.819
t- Sta tist ic 7.317 - 0.648 -5.897 6.559 2.875 10.056 -6.589
Model1999 2.5123) 0.002 -0.0793) 0.4223) - 0.014 0.1953 ) -0.2363) 0.987 360.336
t- Sta tist ic 5.398 0.220 -5.129 8.390 - 0.722 8.751 -6.520
Model2000 4.9783) -0.0463) -0.0783) 0.7813) 0.0703) 0.2323 ) -0.4643) 0.845 27.336
t- Sta tist ic 15.640 - 3.828 -4.756 21.330 6.032 13.322 -17.935
Model2001 3.1782) 0.0341) -0.1003) 0.4682) 0.078 0.1183 ) -0.2922) 0.693 11.931
t- Sta tist ic 2.461 2.068 -7.612 2.468 1.681 5.450 -2.373
Note : 1)means “significant” at the level of 10%.
      2) means “significant” at the level of 5%.
      3) means “significant” at the level of 1%.
        For the null hypothesis, H0 : Coefficient = 0. 

FD I stock has  nega tive effects  on produc tivity , and coeffi - 
cients  are s tatis tically significant at the 1% level, whereas 
import-weighted FDI stoc k in  2000 a nd 2001 have positi ve 
effects  on output, and the coe ffic ients are robust  and stat isti - 
call y s igni fi cant. Thi s implies  that the structure components 
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of imports  of FD I fi rms  are poss ibly  di fferent from goods 
imports prior to  1999, becoming more  sophisti cated compared 
to  the labor-intensive goods  prior 1999. The interacti ve t erm 
betwe en huma n capital  s tock and F DI s tock also show 
negative effect s on output  although i t is  not robus t, and most 
of the coefficients  are only s tatis tical ly  significant at the 10% 
level. Thi s sugges ts that the technology spil love rs  from FD I 
firms are very lim it ed in  enhancing the output  in  host 
count ry. 
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<Table 6> Effects of domestic and international R&D on output
adding the interactive term between human capital stock and

FDI inflows stock
Dependent Variable : LN(Y i), Method : GLS(Cross Section Weights)

Variable β1 β2 β3 β4 β5 β6 β7 Adj.R- sq. F- statist ic
Model1996-2001  3.4883) 0.0943) 0.0923) 0.7233) -0.0423) 0.1153 ) 0.010 0.999 39684.290
t-Statist ic 14.293 8.003 10.942 17.157 -4.142 7.358 0.415
Model1996 4.3213) 0.1253) 0.034 0.9363) -0.015 0.1603 ) -0.0982) 1.000 217847.700
t-Statist ic 10.310 10.939 1.548 15.980 -0.971 7.945 -2.605
Model1997 4.6113) 0.1503) 0.0452) 0.9963) -0.0783) 0.2443 ) -0.1233) 1.000 449454.300
t-Statist ic 15.580 8.956 2.146 23.271 -9.367 17.696 -4.190
Model1998 6.4633) 0.1413) 0.0652) 1.1783) 0.015 0.1953 ) -0.2783) 1.000 249574.500
t-Statist ic 7.997 9.030 2.795 11.937 0.692 7.651 -4.072
Model1999 4.8523) 0.1213) 0.0973) 0.9823) -0.0603) 0.2113 ) -0.1343) 1.000 1501915.000

t-Statist ic 27.829 8.957 6.092 32.133 -3.757 8.214 -8.341
Model2000 5.6043) 0.1193) 0.1353) 1.0213) 0.0743) 0.0933 ) -0.2003) 1.000 249862.200

t-Statist ic 8.715 3.138 4.851 9.648 5.784 3.012 -3.481
Model2001 5.0023) 0.041 0.2023) 0.8983) 0.1253) 0.003 -0.1381) 1.000 1575540.000
t-Statist ic 7.407 1.345 12.438 6.925 5.684 0.064 -1.892
Note : 1)means “significant” at the level of 10%.
      2) means “significant” at the level of 5%.
      3) means “significant” at the level of 1%.
        For the null hypothesis, H0 : Coefficient = 0. 
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Ⅵ. Conclusions

In  this  s tudy, t he  result s of the models present strong 
evidences on such output  elas ticit ies of labor and capital 
input s, and the  e ffec ts of technologica l spillovers on pro- 
ductivity  and output of C hina ’s  provinces . The derive d results 
suggest  that l abor and fixed asset  investme nt  have  st rong and 
robus t effects  on output , a nd exhibit increas ing ma rginal 
returns to  scale. 

The dis tribution of productivit y in  C hina’s  provinces  te nds to  
have higher values  in  t he  main coa stal  and important i ndustri al 
cit ies  or provinces . This demonstrates the effects  of opening-door 
polices  and move tow ards  a market economy, which bring 
great benefits  to  the earlie r opening-door cities  and provinces , 
and have be en helpful t o promote their productivity  and 
overa ll economic grow th. 

Howe ver, foreign enterprises  we re  found to  have very 
lim i ted effe cts in  enhancing product ivi ty  of C hina ’s  provinces . 
Only employment brought  by foreign enterpri ses  has  some 
positi ve effects  on produc tivity , t hat  is , e mployees  t ra ine d by 
fore ign enterprises , im itat ion and l earning by doing can be the 
important channels  of technologi cal spillovers. Thi s impl ies 
that technological  spil lovers  from foreign e nt erprises ha ve not 
reached a  higher le vel  to  sufficientl y st imulate the growth of 
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productivit y of China’s  provinces . The growth of productivi ty 
in  C hina’s provinces mainly depends on domes tic R &D 
expenditures  and human ca pi tal s tock. B ut, imports of foreign 
enterprises  have begun to ge nerat e pos itive effe cts on pro- 
ductivity  i n 2000, perhaps i llust rat ing the e ffect s of China’s 
accession to  the W TO  tha t has  allowed more  M NC s inflows 
introducing a dvanced t echnology in  C hina. This is in  contrast 
wi th  export-ori ented inves tment from NIC s that usua lly  ha ve 
labor-int ensive indus trial characteris tics  in  the earlie r period. 
Thus, t he  magnitudes of technologi cal spillovers from FD I 
should exhibit an i ncrea sing t endency over time. 

Furthermore, in  respect  to  the effects of domes tic and 
foreign enterprises on output of China’s provinces, import -embodied 
FD I stock ha s a “crowding out” effect on output of China’s 
provinces , that is, by importi ng raw material, equipme nt s, or 
in termediat e goods, foreign ente rprises te nd to  occupy the 
domesti c market displa cing domesti c ente rprises. Other va ri - 
ables  such as domes tic R&D  expenditures , imports  of domest ic 
enterprises , human  capital s tock  and employment-embodied FD I 
stoc k have s trong and robus t posi tive e ffect s. 

Overall , FDI and international t ra de have show n important 
impact on t he output i n China’s provinces. FDI i nflows  are a 
main channe l of technologi cal spil lovers , but import s current ly 
have very lim ite d effects  produc tivity  growth. The growth of 
productivit y in  C hina’s provinces  mainly depe nds  on dome stic 
R &D expenditures , human capita l s tock and employment of 
fore ign enterprises .
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Appendix

<Appendix 1> Imports of FDI Trade of China’s Provinces
(10 thousand dollars)

Prov inces 1993 1994 1995 1996 1997 1998 1999 2000 2001
Beijing 124063 147672 186628 224022 233856 281772 366197 489739 540603
Tianjin 109458 189617 301237 406855 435524 433255 536476 731364 723888
Hebei 48317 53892 67248 89623 56380 60779 65629 56907 66116
Sha nxi 10884 6988 5354 5295 6404 7645 32841 26667 10769
Inner Mongolia 8051 7875 10041 7402 6564 4073 3841 4358 4958
Liaoning 159907 214465 262974 319087 387294 303372 389683 605234 590609
Jilin 34227 47939 65711 61045 45500 57211 61309 73077 10473
Heilong jia ng 21633 28465 36517 48086 36586 21961 20990 20674 19296
Sha nghai 405426 494631 719781 942116 959476 1005314 1232266 1914952 2083843
Jiangsu 307817 350171 487284 706739 748251 858550 977768 1572741 1754914
Zhejiang 105540 142807 195379 270804 224223 202419 233593 404142 477217
Anhui 20981 26136 26768 52581 43561 35535 53863 54786 56030
Fujian 357321 434621 468563 502316 524501 517316 545272 64602 674669
Jiangxi 32826 26692 15283 10129 7284 8871 18643 15516 16821
Sha ndong 176614 253187 362652 466395 448976 423077 433596 599802 702925
Henan 26333 31043 38092 40183 28409 22156 22424 26807 28303
Hubei 53935 49840 72753 84286 78273 69101 60303 61729 81661
Hunan 25355 22664 21644 25421 20646 16822 16960 29467 34706
Guangdong 1979877 2536046 2744113 3027696 3272863 3173178 3391787 4252685 4425844
Guangxi 41592 73032 60094 43459 32524 39368 26340 21228 21889
Haina n 55233 60323 51086 56898 26607 34453 10495 15529 50992
Chongq in 　 　 　 　 　 32192 17353 22723 22118
Sichuan 40077 43142 42401 101001 88862 18884 27177 37007 42737
Guizhou 4138 5093 5966 2616 3059 1671 1119 1678 1902
Yunnan 6897 16118 16759 21309 18482 10854 9744 11545 10238
Xizhang 216 1644 2454 6086 5886 1000 851 245 19
Sha anxi 18441 17557 16287 27418 23933 24129 23910 23823 25792
Ga nsu 4203 4340 3358 4202 3008 2746 1658 1824 3616
Qinghai 82 401 20 86 1 269 15 723 2174
Ningxia 674 1840 503 1659 1348 717 1787 1831 1539
Xingjiang 3202 5177 7321 5565 3854 3059 4471 2439 3702
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<Appendix 2> Imports of China’s Provinces
(10 thousand dollars)

Provinc es 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
B eijing 164177 254346 2093221 2678536 2119858 2077749 1999315 2445599 3765376 3975444
Tian jin 116422 192031 285408 397951 489323 508750 511510 626960 852822 867998
Hebei 51065 78236 85416 105214 111430 86426 111115 146081 152862 178172
Shanxi 17360 24617 18490 25973 23164 21250 21792 44799 52751 47274
Inner Mongolia 34282 50668 45041 49755 52918 41761 43715 75955 165188 140763
Liaoning 225921 335146 418433 495533 543188 574907 468903 551844 817516 879870
Jilin 83058 130070 142483 151031 113178 92126 90382 119357 131359 174514
Heilong jiang 113497 161335 118487 122005 136709 115584 111092 124116 153519 177234
Shanghai 518792 793464 890499 1139353 1411006 1473101 1542949 1981854 2935569 3326948
Jiangs u 295360 459352 507235 652062 909889 953275 1072161 1295159 1986953 2247739
Zhejiang 141282 240956 290216 381730 448933 415689 398765 543417 838987 982225
Anhui 29880 45424 52003 61496 90789 82969 81935 97237 117486 133771
Fujian 367207 488172 575933 653765 712990 792429 719502 726753 831439 870368
Jiangxi 31228 55332 50163 28121 26452 21845 22896 40776 42664 49190
Shandong 182587 307949 375414 578335 698278 667830 627004 669053 946092 1083304
Henan 34282 55878 61170 87159 72907 61036 54674 62155 78712 107685
Sichua n 68352 107448 129420 121045 197492 54772 92162 132996 115083 151644
Guizhou 10947 14305 16464 22158 13050 18503 23974 18983 23942 22468
Y unnan 33818 37512 66655 89050 80596 54382 52166 62556 63767 74472
X izhang 9033 8479 60249 20854 15589 13816 7201 8018 1697 1054
Shaanxi 35807 57906 46226 41443 65947 50295 87480 85492 83003 95381
Gansu 13586 17997 15599 23925 20031 11904 10313 8924 15458 30256
Qingha i 984 2491 2626 2398 1455 1201 1369 2099 4773 5577
Ningxia 2316 3914 6371 5114 3507 3987 2858 7034 11555 18093
X ing jia ng 18810 41084 43568 57935 46662 55388 77732 73801 105991 110299



<Appendix 3> FDI Inflows of China's Provinces
(10 thousand dollars)

Provinces 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
Beijing 31846 27695 24495 34985 66694 137157 107999 155290 159286 216800 197525 168368 176818 172464
Tianjin 8134 3493 13261 10778 61368 101499 152093 215273 251135 211361 176399 116601 213348 158195
Hebei 2685 3935 5656 11309 39654 52340 54668 83022 110308 142868 104202 67923 66989 78271
Shanxi 882 340 380 5384 8643 3170 6383 13808 26893 24451 39129 22472 23393 21164
Inner Mongolia n/a 1064 166 520 8526 4007 5781 7186 7325 9082 6456 10568 10703 17701
Liaoning n/a 24373 36239 51642 127913 144014 142461 173782 236635 219045 106173 204446 251612 341168
Jilin 335 1760 3164 7534 27527 24192 40802 45155 40227 40917 30120 33701 33766 24468
Heilongjiang 2312 2449 2085 7217 23232 34759 51686 56691 73485 52639 31828 30086 34114 35511
Shanghai 42212 17401 14519 49361 316025 247309 289261 394094 422536 360150 283665 316014 429159 427229
Jiangsu 9464 12416 21922 146324 284371 376315 519082 521009 543511 663179 607756 642550 691482 1018960
Zhejiang 5181 4843 9229 23978 103175 115026 125806 152050 150345 131802 123262 161266 221162 307610
Anhui 478 961 1067 5466 25764 37000 48256 50661 43443 27673 26131 31847 33672 38375
Fujian 32880 29002 47116 142364 287444 371318 404390 408455 419710 421211 402403 343191 391804 383837
Jiangxi 587 621 1949 9972 20817 26168 28888 30126 48103 46496 32080 22724 39575 108197
Shandong 13132 15084 21639 100342 187413 255242 268898 263355 277556 220274 225878 297119 352093 473404
Henan 4266 1049 3799 5316 30491 38673 47855 52356 69204 61654 52135 56403 45729 40463
Hubei 2295 2900 4664 20313 54053 60186 62512 68079 84866 97294 91488 94368 118860 142665

  



Provinces 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
Hunan 643 1116 2543 13271 43746 33114 50773 74530 91702 81816 65374 67833 81011 90022
Guangdong 115644 146000 194288 370111 755576 946343 1026011 1175407 1263495 1201994 1165750 1128091 1193203 1133400
Guangxi 4594 2866 3185 18201 88456 83633 67263 66313 88579 88613 63512 52466 38416 41726
Hainan 10707 10302 17672 45255 70710 91809 106207 78908 70554 71715 48449 43080 46691 51196
Chongqin n/a n/a n/a n/a n/a n/a n/a n/a 41802 43107 23893 24436 25649 19576
Sichuan n/a 1604 8091 11214 57141 92174 54159 44090 24846 37248 34101 43694 58188 55583
Guizhou 747 468 1409 1979 4294 6363 5703 3138 4977 4535 4090 2501 2829 3821
Yunnan 740 261 351 2875 9702 6500 9769 6537 16566 14568 15385 12812 6457 11169
Xizhang n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
Shaanxi 9719 4191 3176 4553 23430 23880 32407 32609 62816 30010 24197 28842 35174 36005
Gansu 17 85 478 35 1195 8776 6392 9002 4144 3864 4104 6235 7439 6121
Qinghai n/a n/a n/a 68 324 241 164 100 247 n/a 459 n/a 3649 4726
Ningxia 233 25 18 35 1190 727 390 555 671 1856 5134 1741 1680 2200
Xingjiang n/a 537 22 n/a 5300 4830 5490 6390 2472 2167 2404 1911 2035 1899



<Appendix 4> GDP of China's Provinces
(100 Million Yuan RMB) 

Prov inc es 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
exc hange rate 372.21 372.21 376.59 478.38 532.27 551.49 576.19 861.87 835.07 831.42 828.98 827.91 827.96 827.84 827.77
Beijing 326.82 410.22 455.96 500.82 598.9 709.1 863.54 1084.03 1394.89 1615.73 1810.09 2011.31 2174.46 2478.76 2845.65
Tian jin 220 259.64 283.34 310.95 342.75 411.24 536.1 725.14 920.11 1102.4 1235.28 1336.38 1450.06 1639.36 1840.1
Hebei 521.92 701.33 822.83 896.33 1072.07 1278.5 1690.84 2187.49 2849.52 3452.97 3953.78 4256.01 4569.19 5088.96 5577.78
Shanxi 257.2 316.7 376.3 429.3 468.5 570 704.7 853.77 1092.48 1308.01 1480.13 1486.08 1506.78 1643.81 1779.97
Inner Mongolia 212.27 270.81 292.69 319.31 359.66 421.68 532.71 681.92 832.88 984.78 1099.77 1192.29 1268.2 1401.01 1545.79
Liaoning 719.12 881.02 1003.81 1062.74 1200.1 1472.95 2010.82 2461.78 2793.37 3157.69 3582.46 3881.73 4171.69 4669.06 5033.08
Jilin 297.49 368.67 391.65 425.28 463.47 558.06 717.95 936.78 1129.2 1337.16 1446.91 1557.78 1660.91 1821.19 2032.48
Heilongjiang 454.6 551.98 630.61 715.23 824.23 864.04 1203.22 1618.63 2014.53 2402.58 2708.46 2798.89 2897.41 3253 3561
Shangha i 545.46 648.3 696.54 756.45 893.77 1114.32 1511.61 1971.92 2462.57 2902.2 3360.21 3688.2 4034.96 4551.15 4950.84
Jiangsu 922.33 1208.85 1321.85 1416.5 1601.38 2136.02 2998.16 4057.39 5155.25 6004.21 6680.34 7199.95 7697.82 8582.73 9511.91
Zhejiang 603.71 765.76 843.72 897.99 1081.75 1365.06 1909.49 2666.86 3524.79 4146.06 4638.24 4987.5 5364.89 6036.34 6748.15
Anhui 442.35 546.94 616.25 658.02 663.6 801.16 1069.84 1488.47 2003.58 2339.25 2669.95 2805.45 2908.58 3038.24 3290.13
Fujia n 279.24 383.21 458.4 522.28 622.02 787.71 1133.49 1685.34 2160.52 2583.83 3000.36 3286.56 3550.24 3920.07 4253.68
Jiangxi 262.9 325.83 376.46 428.62 479.37 572.55 723.06 948.16 1205.11 1517.26 1715.18 1851.98 1853.65 2003.07 2175.68
Shandong n/a n /a n/ a n/a 1810.54 2196.53 2779.49 3872.18 5002.34 5960.42 6650.02 7162.2 7662.1 8542.44 9438.31



Provinces 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Henan 609.6 749.09 850.71 934.65 1045.73 1279.75 1662.76 2224.43 3002.74 3661.18 4079.26 4356.6 4576.1 5137.66 5640.11
Hubei 517.77 626.52 717.08 824.38 913.38 1088.39 1424.38 1878.65 2391.42 2970.2 3450.24 3704.21 3857.99 4276.32 4662.28
Hunan 469.44 584.07 640.8 744.44 833.3 997.7 1278.28 1694.42 2195.7 2647.16 2993 3118.09 3326.75 3691.88 3983
Guangdong n/a n/a n/a n/a1780.56 2293.54 3225.3 4240.56 5381.72 6519.14 7315.51 7919.12 8464.31 9662.23 10647.71
Guangxi 241.56 313.28 383.44 449.06 518.59 646.6 893.58 1241.83 1497.56 1697.9 1817.25 1903.04 1953.27 2050.14 2231.19
Hainan 57.3 77.13 91.4 102.49 120.51 181.71 258.08 330.95 364.17 389.53 409.86 438.92 471.23 518.48 545.96
Chongqin n/a n/a n/a n/a n/a n/a n/a n/a n/a 1179.09 1350.1 1429.26 1479.71 1589.34 1749.77
Sichuan n/a n/a n/a n/a1382.96 1624.51 2096.48 2777.88 3534 2985.15 3320.11 3580.26 3711.61 4010.25 4421.76
Guizhou 165.5 211.79 235.84 260.14 295.9 339.91 416.07 521.17 630.07 713.7 792.98 841.88 911.86 993.53 1084.9
Yunnan 229.03 301.09 363.05 451.67 517.41 618.69 779.21 973.97 1206.68 1491.62 1644.23 1793.9 1855.74 1955.09 2074.71
Xizhang 17.71 20.25 21.86 27.7 30.53 33.29 37.28 45.84 55.98 64.76 76.98 91.18 105.61 117.46 138.73
Shaanxi 244.96 314.48 358.37 404.3 466.93 540.52 671.37 816.58 1000.03 1175.38 1300.03 1381.53 1487.61 1660.92 1844.27
Gansu 159.52 191.84 216.84 242.8 271.39 317.79 372.24 451.66 553.35 714.18 781.34 869.75 931.98 983.36 1072.51
Qinghai 43.38 54.96 60.37 69.94 75.1 87.52 109.62 138.24 165.31 183.57 202.05 220.16 238.39 263.59 300.95
Ningxia 39.63 50.29 59.21 64.84 71.78 83.14 103.82 133.97 169.75 193.62 210.92 227.46 241.49 265.57 298.38
Xingjiang 148.51 192.72 217.42 274.01 335.91 402.31 505.63 673.68 825.11 912.15 1050.14 1116.67 1168.55 1364.36 1485.48



<Appendix 5> Total Fixed Asset Investment of China's Provinces
(100 Million Yuan RMB)

Provinces 1993 1994 1995 1996 1997 1998 1999 2000 2001
Beijing 418.53 653.71 864.85 889.66 989.71 1124.62 1171.16 1280.46 1513.32
Tianjin 219.41 332.52 396.55 438.51 500.67 571.05 576.45 610.94 705
Hebei 471.88 671.39 907.75 1182.59 1425.98 1591.76 1770.47 1816.79 1912.53
Shanxi 235.07 276.16 270.64 311.77 376.74 454.93 477.57 548.16 663.58
Inner Mongolia 207.67 229.75 251.32 262.05 278.65 316.76 348.22 423.64 503.63
Liaoning 737.34 897.59 865.49 881.67 986.62 1057.7 1119.47 1267.68 1421.19
Jilin 264.12 302.21 320.27 362.99 361.17 431.78 500.02 603.51 701.7
Heilongjiang 338.59 412.27 517.62 568.64 669.86 770.05 751.66 832.64 963.58
Shanghai 708.14 1201.62 1597.89 1996.88 1981.48 1966.38 1855.76 1869.38 2004.64
Jiangsu 1155.52 1330.74 1764.76 1963.06 2174.97 2450.37 2441.88 2569.97 2823.2
Zhejiang 803.74 1115.51 1482.62 1611.44 1608.56 1801.74 1958.05 2349.95 2834.94
Anhui 294.02 375.57 476.1 609.79 677.85 722.61 703.45 803.97 893.37
Fujian 399.33 564.35 683.02 779.76 880.88 1053.01 1084.66 1112.2 1172.91
Jiangxi 201.29 246.03 282.54 317.32 329.45 400.6 454.44 516.08 631.84



Provinces 1993 1994 1995 1996 1997 1998 1999 2000 2001
Shandong 950.68 1129.07 1308.62 1528.5 1742.53 1935.58 2220.57 2531.1 2788.68
Henan 475.17 628.82 783.14 1039.41 1209.5 1289.7 1206.83 1377.74 1544.06
Hubei 392.74 578.78 785.09 935.22 1023.5 1156.76 1239.14 1339.2 1486.55
Hunan 344.38 455.02 523 684.14 667.39 796.89 883.94 1012.24 1174.3
Guangdong 1857.04 2416.56 2315.83 2363.18 2291.05 2644.13 2937.02 3145.13 3484.43
Guangxi 280.26 391.66 403.15 476.42 479.8 562.32 578.76 583.34 655.63
Hainan 201.82 218.77 182.08 181.01 161.48 173.37 194.78 198.87 213.32
Chongqin n/a n/a n/a n/a 375.57 492.97 525.26 572.59 697.03
Sichuan 591.34 744.45 901.42 1113.17 926.34 1145.33 1224.4 1418.04 1617.52
Guizhou 101.61 136.27 161.79 193.55 222.3 278.41 311.93 396.98 536.01
Yunnan 262.99 317.47 390.45 456.27 538.6 660.43 663.97 683.96 738.45
Xizhang 18.26 20.9 35.13 29.43 34.5 41.26 53.56 64.05 83.26
Shaanxi 222.42 249.57 310.18 343.71 393.16 517.57 587.79 653.67 773.43
Gansu 101.51 134.88 145.76 206.95 242.08 301.45 355.51 395.4 460.37
Qinghai 46.29 47.64 53.11 77.67 88.44 108.78 117.15 151.14 196.35
Ningxia 45.47 53.73 62.17 72.1 85.84 106.75 128.1 157.52 191.08
Xingjiang 261.65 293.57 331.97 388.67 446.99 514.77 526.65 610.39 706



<Appendix 6> Number of Students enrolled in Institute of post secondany Education of
China's Provinces at the the end of 2002(Person)

Provinces 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Beijing 135974 143546 141562 139914 136940 139978 158906 175203 182173 190033 196082 212984 235140 280282 336484
Tianjin 50657 53071 52804 51039 49898 52127 60247 66672 68080 71354 73830 78651 90450 119117 153998
Hebei 69242 73047 75051 76018 74349 84083 104287 120297 126290 126645 135974 144383 176702 252571 350518
Shanxi 49121 49450 51203 51309 51516 55717 62156 66417 67420 68842 71138 76128 94120 125023 165034
Inner Mongolia 30654 32634 33112 32175 31107 31779 37290 38606 36715 38191 39474 42470 49732 71868 99613
Liaoning 113832 120510 122543 123314 124777 134671 155554 171284 179412 182684 188159 199223 235819 307931 372336
Jilin 68695 72933 73125 72806 72536 75686 86261 95242 100785 105026 110167 117892 139595 181019 217849
Heilongjiang 74678 78879 79224 79908 79340 85149 96343 108722 113523 116379 115767 125140 157063 210146 271435
Shanghai 122529 128163 126091 121251 116925 119532 131034 140396 144082 147926 154073 165123 186307 226798 279966
Jiangsu 140228 147705 147915 146894 144734 152716 180173 201534 208620 220575 239074 265953 329825 451844 585528
Zhejiang 60072 60419 61045 60327 59822 62226 73586 87428 92857 96480 102302 113543 138564 192371 293078
Anhui 61161 63139 64492 62448 61986 65947 80951 87088 86039 89414 96006 104944 133025 191824 252226
Fujian 54102 57059 56787 55624 54243 57179 64065 69255 71686 73401 78082 85147 102589 137859 167377
Jiangxi 52055 52152 53402 56608 56383 59294 70537 77976 81999 84592 88293 94103 110873 148589 196455
Shandong 95891 101281 103928 105822 107093 130188 151758 156879 160398 169184 176094 180795 213679 325317 449360



Provinces 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Henan 75747 79882 80119 80372 81790 89496 104367 117053 122388 127948 136120 146365 185486 273404 369149
Hubei 124116 130048 130386 130355 129889 137168 156023 170128 182703 189909 196771 210119 257875 357728 453277
Hunan 83364 87297 88833 88210 88626 95389 111036 123053 130363 135759 143654 156665 193553 265849 331301
Guangdong 92778 97224 100393 95929 92655 97432 116757 137458 151788 164017 174740 185047 220810 306019 381926
Guangxi 34523 37524 37757 37762 36868 42026 50951 57945 60032 63528 70561 77483 90286 123729 151604
Hainan n/a 9133 9475 7652 7631 8498 10232 11719 12041 12452 12783 13532 14569 19193 26050
Chongqin n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 71189 83187 96569 126279 161648
Sichuan 133752 140760 140361 141007 141329 150139 177888 198407 200862 208435 150077 151905 180256 245648 316701
Guizhou 25975 27264 27636 26970 25741 26685 29305 32328 34676 35747 38472 42554 56454 79833 108159
Yunnan 41036 44985 45114 43525 43095 45357 49559 51331 51427 54043 57439 62368 73902 95893 119039
Xizhang 1801 1736 1973 2025 1961 2239 2813 3239 3878 3412 3200 3447 4021 5475 6793
Shaanxi 91792 97955 98647 95417 94300 100694 117307 126872 128285 134868 139308 148879 179447 244723 313718
Gansu 30985 33039 33186 32805 33048 34591 40514 45169 45480 47578 50678 54014 62637 82577 110898
Qinghai 6847 7012 6408 6202 6037 6315 6906 7170 7332 7780 8202 8691 9347 13485 17918
Ningxia 7317 7673 7878 7992 7898 8475 9604 10502 10686 10484 10958 11312 13121 17463 23154
Xingjiang 29801 30403 31661 31015 31145 33600 39107 43266 44409 44393 45695 46717 54058 81043 108066



<Appendix 7> Number of Students enrolled in Secondary School of 
China's Provinces at the end of 2002 

(10 thousand persons)
Provinces 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Beijing 52.27 46.93 43.33 40.91 43.22 47.65 53.22 58.38 62.82 64.93 62.62 60.99 63.49 69.14 72.01
Tianjin 37.51 35.4 33.57 34.57 36.72 38.15 38.91 41.04 45.63 49.36 50.33 52.31 54.27 57.06 59.24
Hebei 243.69 225.44 207.98 207.61 222.21 239.26 247.76 273.6 310.24 350.09 389.35 416.08 447.43 481.75 501.76
Shanxi 163.76 161.17 149 145.08 143.36 142.26 138.44 142.52 150.97 161.33 170.09 177.4 186.86 199.75 214.31
Inner Mongolia 116.54 112.7 107.78 106.62 106.13 104.81 99.01 103.06 109.35 113.86 116.02 117.9 122.2 130.73 139.38
Liaoning 204.88 196.22 183.04 181.09 188.77 196.95 191.16 192.21 200.83 202.98 195.02 188.49 196.17 216.7 232.34
Jilin 133.45 129.77 120.18 119.57 124.02 129.8 129.46 126.64 128.74 128.71 129 127.89 133.68 143.12 148.81
Heilongjiang 206.3 199.1 185 180.1 179 176.1 166.4 168.5 179.1 188.6 198.1 215.2 235.65 248.74 252.06
Shanghai 48.21 45.68 46.1 48.31 51.24 54.77 57.69 65.56 72.4 76.23 74.43 73.85 77.46 80.35 81.08
Jiangsu 281.17 272.97 274.52 281.97 288.64 294.64 293.98 304.66 316.75 323.55 320.69 324.24 340.89 373.65 415.11
Zhejiang 182.95 169.74 163.34 169.62 180.75 188.38 185.02 194.02 210.54 223.65 222.74 217.67 228.15 249.55 263
Anhui 226.63 222.55 216.19 218.18 223.38 227.61 231.05 249.43 281.53 297.28 310.23 322.41 339.85 358.32 372.66
Fujian 118.32 107.47 100.64 104.85 113.13 123.36 127.97 136.21 155.25 181.85 207.36 220.05 228.14 233.5 238.3
Jiangxi 178.35 177.62 175.42 181.06 186.26 186.21 182.8 182.66 193.27 208.63 223.59 234.87 246.84 259.22 273.28
Shandong 379.54 373.53 363.74 367.3 372.98 382.49 395.28 427.15 470.46 512.22 541.38 571.54 620.43 678.6 702.18
Henan 373.51 362.64 349.05 352.56 357.66 359.78 362.96 384.8 417.86 454.48 480.21 512.51 568.86 638.15 683.39



Provinces 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Hubei 244.84 226.37 209.9 211.56 219.7 227.32 227.5 236.89 247.59 262.67 280.49 298.16 318.09 350.93 382.47
Hunan 267.17 251.88 249.62 253.78 257.03 252.87 250.45 265.35 285.41 305.22 323.24 336.23 356.05 391.73 425.59
Guangdong 252.6 244.23 235.73 234.03 238.28 255.02 277.19 307.38 339.46 373.19 400.85 423.61 443.91 460.69 489.7
Guangxi 130.63 131.43 131.91 140.88 149.08 159.83 164.11 176.69 194.05 216.35 235.28 252.37 267.02 285.63 288.69
Hainan 32.57 30.33 26.42 25.2 24.76 26.17 24.71 29.57 31.71 34.28 36.75 38.35 41.24 43.58 44.61
Chongqin n/a n/a n/a n/a n/a n/a n/a n/a n/a 101.27 100.29 108.37 128.26 147.79 154.03
Sichuan 291.08 286.61 282.35 289.2 285.35 272.46 248.15 256.2 270.55 276.57 274.82 290.89 336.46 391.98 428.27
Guizhou 102.35 98.63 93.31 96.54 100.23 103.99 100.55 103.08 108.43 113.47 121.54 127.1 138.63 157.2 184.6
Yunnan 117.35 119.38 119.53 123.95 128.84 131.66 126.79 124.27 127.25 133.43 142.31 152.15 167.44 185.97 200.46
Xizhang 2.39 2.34 2.32 2.13 2.18 2.33 2.57 2.87 3.27 3.5 3.84 3.98 4.42 5.52 7.17
Shaanxi 179.71 161.32 135.6 132.64 135.07 137.33 129.62 134.24 145.07 157.21 169.01 183.6 204.41 230.52 254.75
Gansu 111.4 107.48 99.46 96.49 96.01 94.01 87.28 88 91.53 96.64 102.1 107.98 118.59 131.47 145.98
Qinghai 24.86 23.78 21.85 21.75 21.81 21.36 19.84 19.19 19.39 19.29 19.46 19.5 20.72 22.47 24.46
Ningxia 27.32 27.67 27.68 28.44 29.12 28.78 26.77 27.23 27.23 27.82 - - 29.45 31.83 33.48
Xingjiang 104.64 99.37 89.32 86.31 80.67 78.31 71.86 72.36 74.98 80.39 87.67 95.84 106.24 113.29 122.86



<Appendix 8> Discount Value of Fixed Asset Investment of China's Provinces
(100 Million Yuan RMB)

Provinces 1978 1985 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Beijing 10.96 25.38 57.87 78.66 91.62 84.78 178.49 225.57 245.3 304.3 384.94 400.53 430.93 469.68
Tianjin 6.1 17.56 47.65 54.43 67.63 71.73 97.52 137.4 174 184.9 209.05 217.54 269.58 313.01
Hebei 20.81 44.17 98.31 129.76 159.88 187.51 258.96 296.37 397.7 513.9 568.08 651.67 717.61 797.47
Shanxi 13.04 26.09 60.27 76.44 98.87 104.03 108.4 134.58 160.9 176.2 200.09 197.15 213.5 237.78
Inner Mongolia 6.01 20.58 43.72 50.61 60.38 67.32 85.2 101.16 113.4 132 166.54 177.42 172.95 193.66
Liaoning 28.72 68.03 147.37 178.45 210.58 237.74 283.25 339.87 465 523.7 616.74 709.16 776.07 839.64
Jilin 9.68 24.79 57.5 69.15 80.72 91.03 119.47 160.5 185.3 237.6 251.39 269.4 325.76 343.22
Heilongjiang 17.12 51.61 104.86 112.31 156.67 139.92 198.65 276.98 343.1 386.9 411.97 435.87 422.94 550.96
Shanghai 10.6 26.16 92.93 126.62 160.36 158.49 241.31 332.29 364.2 407.7 489.77 580.89 635.73 722.64
Jiangsu 19.98 48.8 186.92 217.55 280.87 331.02 452.89 710.45 771.3 912.2 1034.88 1148.29 1303.16 1488.65
Zhejiang 11.3 35.07 89.08 106.59 137.05 170.63 257.66 299.86 346.7 439.3 487 572.71 767.78 875.99
Anhui 11.38 31.33 74.4 81.92 100.15 141.82 181.58 225.29 280.9 291.3 368.75 398.73 433.07 467.23
Fujian 5.85 18.38 51.27 63.37 79.88 115.61 157.39 233.83 290.3 352.5 397.48 433.03 496 560.82
Jiangxi 8.19 17.82 33.85 44.06 55.87 60.81 97.04 127.74 155.1 209.9 251.6 300.73 351.41 418.62
Shandong 22.72 71.22 182.12 220.78 266.92 385.99 561.55 655.73 827.8 1118.1 1317.45 1374.08 1616.66 1904.35
Henan 16.23 53.62 119.13 141.93 184.36 236.01 301.73 343.01 482.4 554.1 597.37 619.96 708.22 791.61
Hubei 13.7 29.26 97.92 122.35 152.36 137.74 170.66 283.65 369.9 525.5 613.56 685.77 669.88 701.65



Provinces 1978 1985 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Hunan 12.78 28.23 58.88 75.18 100.15 132.9 177.69 240.05 341.6 407.8 415.79 433.88 578.46 600.74
Guangdong 22.36 63.54 172.81 215.25 294.7 397.84 550.53 782.34 1020.1 1126.6 1251.72 1436.78 1641.14 1731.46
Guangxi 7.26 16.09 41.51 50.03 60.53 67.3 86.86 134.5 158.2 187.1 188.03 194.97 215.33 258.06
Hainan n/a n/a 8.94 10.8 17.5 29.16 34.31 45.86 54.7 64.7 68.01 73.65 83.49 88.64
Chongqin n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 207.25 226.32 261.39 268.91
Sichuan 31.79 67.38 128.66 161.39 226.3 261.74 349.67 437.99 490.1 464.7 574.33 612.28 642.46 734.68
Guizhou 3.94 11.36 29.6 32.63 39.72 45.32 54.11 71.82 81 90.5 98.53 113.6 128.72 160.1
Yunnan 3.42 9.03 36.28 50.57 64.47 87.21 114.54 131.95 199.8 217.3 215.43 283.71 287.11 319.34
Xizhang n/a 1.04 2.12 2.3 2.24 2.92 3.85 6.08 6.4 11.4 27.87 24.13 28.85 32.05
Shaanxi 8.02 16.85 48.97 55.01 70.22 90.22 106.74 137.31 155.6 185.2 197.14 241.44 267.26 332.74
Gansu 5.54 14.32 23.67 27.13 38.06 46.65 58.2 70.82 92.3 101.2 108.19 118.06 186.02 192.61
Qinghai 1.52 3.21 9.86 7.38 14.32 14.57 19.37 26.48 25.7 32.3 34.95 38.74 59.91 54.34
Ningxia 1.84 4.36 9.52 10.68 12.84 15.28 18.8 25.79 28.5 33.4 37.46 43.37 49.73 58
Xingjiang 3.08 8.03 26.85 32.75 46.51 64.83 80.46 121.06 154.6 172.8 189.88 195.18 231.3 270.63



<Appendix 9> Number of Total Employee of China's Provinces
(10 thousand persons)

Provinces 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Beijing - - - - 659.3 668.6 659 681.7 669.5 661 661 624.3 621.9 622.1 629.5
Tianjin - - - - 471.6 472.1 478 490.5 489.7 485 492 427 421.1 406.7 410.5
Hebei - - - - 3109.8 3179.3 3241 3303.7 3367.3 3391 3415 3382.9 3399.9 3441.2 3379.6
Shanxi - - - - 1373.7 1402.7 1414 1447.9 1460.4 1478 1483 1429 1434.3 1419.1 1412.9
Inner Mongolia 891 909.7 910.3 924.6 963 979.4 999 1012.1 1024.5 1043 1050 1006.8 1017 1016.6 1013.3
Liaoning 1835.4 1858.6 1874.8 1897.3 1932.6 1954.1 1952 2009.2 2034 2031 2063 1818.2 1796.4 1812.6 1833.4
Jilin - - - - 1185.9 1224.5 1230 1250.2 1254.5 1258 1237 1127.4 1102.8 1078.9 1057.2
Heilongjiang 1333.3 1358.6 1395 1436.2 1476.1 1477.1 1492 1524.3 1552.4 1567 1659 1723 1679.9 1635 1631
Shanghai - - - - 773 764.1 740 763.2 768 764 770 670 677.3 673.1 692.4
Jiangsu - - - - 3720 3729.4 3743 3756.4 3765.4 3748 3746 3635 3595.8 3558.8 3565.4
Zhejiang - - - - 2595.9 2625.2 2659 2694 2700.7 2702 2700 2651.1 2660.9 2700.5 2772
Anhui 2563.3 2665.9 2723.9 2807.6 2891.2 2982.7 3049 3119.4 3206.8 3246 3322 3311 3312.5 3372.9 3389.7
Fujian 1237.7 1281.1 1301.8 1348.4 1436.5 1489.9 1521 1551.6 1567 1594 1613 1621.9 1630.9 1660.2 1677.8
Jiangxi - - - - 1844.9 1870.3 1893 2008.4 2059.2 2064 2078 1971.3 1961.3 1935.3 1933.1
Shandong 3766 3887 3940.3 4043.2 4310.1 4405.1 4473 4546.3 4625.4 4650 4707 4657.2 4698.6 4661.8 4671.6
Henan - - - - 4274.2 4386.6 4481 4608.9 4696.7 4829 5017 4999.6 5205 5571.7 5516.6
Hubei - - - - 2556.8 2567 2607 2672.8 2707 2692 2709 2616.3 2572.4 2507.8 2452.5
Hunan - - - - 3251.5 3308.8 3361 3440.2 3506.1 3547 3591 3498.5 3496.1 3462.1 3438.8



Provinces 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Guangdong - - - - 3324.9 3397 3480 3569.1 3656.8 3691 3784 3737.4 3760.5 3861 3962.9
Guangxi 1961 2012 2046 2109 2170.8 2217.4 2277 2336.4 2382.5 2417 2452 2470.9 2481.5 2530.4 2543.4
Hainan 280.8 292 298.4 304.6 316.1 321.2 320 335.5 335.3 335 331 320.8 326.2 333.7 339.7
Chongqin - - - - - - - - - - 1690 1645.1 1639.4 1636.5 1624
Sichuan - - - - 6075.4 6202.5 6221 6256.8 6335.3 6295 4618 4534.7 4482.3 4435.8 4414.6
Guizhou 1435.9 1501.3 1570.8 1651.8 1701.4 1741.8 1770 1825.6 1857.1 1892 1927 1946.3 1975.9 2045.9 2068.2
Yunnan - - - - 2021.2 2065.2 2106 2147.3 2186.3 2214 2248 2270.3 2273.4 2295.4 2322.5
Xizhang 107.8 107.2 107.6 107.9 109.7 111 113 112.7 113.7 118 120 118.4 122.2 123.4 124.6
Shaanxi - - - - 1668.7 1699.6 1718 1746.7 1774.4 1798 1812 1802 1780.9 1812.8 1784.6
Gansu - - - - 1091.7 1112.7 1131 1151 1159.4 1175 1186 1175.6 1185.6 1182.1 1187.2
Qinghai - - - - 211.6 216 217 222.9 226 232 235 230.4 241.2 238.6 240.3
Ningxia 190.9 197.4 203.5 211.2 218.7 224.4 230 235.5 243.6 250 260 259.5 270.8 274.4 278
Xingjiang - - - - 624.2 635.7 646 649.7 662.2 672 691 678.3 669.6 672.5 685.4



<Appendix 10> Consumer Price Index of China's Provinces(%)
Provinces 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Beijing 108.6 120.4 117.2 105.4 111.9 109.9 119 124.9 117.3 111.6 105.3 102.4 100.6 103.5 103.1
Tianjin 106.8 116.9 114.7 103 110.2 111.4 117.6 124 115.3 109 103.1 99.5 98.9 99.6 101.2
Hebei 107.8 118 118.7 100.6 103.4 106.1 113.8 122.6 115.2 107.1 103.5 98.4 98.1 99.7 100.5
Shanxi 107.4 120.9 119.5 102.2 104.8 107.3 115.1 125.2 116.9 107.9 103.1 98.6 99.6 103.9 99.8
Inner Mongolia 107.8 116.3 115.3 102.3 104.6 107.4 114.1 122.9 117.5 107.6 104.5 99.3 99.8 101.3 100.6
Liaoning 108.6 119.3 118.2 103.3 105.6 106.7 115.2 124.3 116.1 107.9 103.1 99.3 98.6 99.9 100
Jilin 107.6 120.3 117.2 104.9 106.8 108 112.6 120.6 115.2 107.2 103.7 99.2 98 98.6 101.3
Heilongjiang 109.4 118 114.6 105.7 107.4 109.2 114.8 121.9 116.1 107.1 104.4 100.4 96.8 98.3 100.8
Shanghai 108.1 120.1 115.9 106.3 110.5 110 120.2 123.9 118.7 109.2 102.8 100 101.5 102.5 100
Jiangsu 109.2 121.9 117.1 103.2 104.9 106.6 118.2 123.2 115.8 109.3 101.7 99.4 98.7 100.1 100.8
Zhejiang 108.8 121.5 118.2 102.1 103.5 107.5 119.8 124.8 116.6 107.9 102.8 99.7 98.8 101 99.8
Anhui 109.1 120.9 117.2 102.7 106.1 108.2 114.7 126.9 114.8 109.9 101.3 100 97.8 100.7 100.5
Fujian 109.4 126.5 118.9 99.3 103.5 105.9 115.4 125.3 115.2 105.9 101.7 99.7 99.1 102.1 98.7
Jiangxi 106.6 121.8 118.5 102.1 102.8 105.7 114.6 126.9 116.9 108.4 102 101 98.6 100.3 99.5
Shandong 108.2 118.7 117.3 103.4 104.9 106.8 112.7 123.4 117.6 109.6 102.8 99.4 99.3 100.2 101.8
Henan 106.3 119.4 118.7 100.7 102.3 105.4 110.4 125.2 116.5 110.5 103.5 97.5 96.9 99.2 100.7
Hubei 107.5 119 116.3 104.2 104.9 109.6 118.4 125.3 120 109.4 103.2 98.4 97.8 99 100.3
Hunan 109.8 125.6 118.2 100.4 104.4 110.7 116.8 125.3 119 107.7 102.8 100.2 100.5 101.4 99.1



Provinces 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Guangdong 111.2 129.4 122.1 97.5 101.2 107.3 121.6 121.7 114 107 101.9 98.2 98.2 101.4 99.3
Guangxi 108.2 120.8 121.1 101.1 102.8 105.9 122 126 118.4 106.5 100.8 97 97.7 99.7 100.6
Hainan 109.8 128.1 128.4 102.1 103.9 108.7 123.3 126.7 113.5 104.3 100.8 97.3 98.3 101.1 98.5
Chongqin - - - - - 100 100 100 100 100 103.1 96.4 99.3 96.7 101.7
Sichuan 107.6 119.9 119.8 103.8 103 107.4 116.8 124.6 118.5 109.3 105.1 99.6 98.5 100.1 102.1
Guizhou 107.1 119.8 118.3 101.8 104.4 107.8 116 122.8 121.4 109.1 103.4 100.1 99.2 99.5 101.8
Yunnan 107 119.8 118.6 102.8 103.1 108.9 121.3 119.2 121.3 108.7 104.3 101.7 99.7 97.9 99.1
Xizhang - - - - - 100 113.4 100 100 100 100 100 100 99.9 100.1
Shaanxi - - - 102.4 106.6 110.3 113.1 126.7 119 109.7 104.8 98.4 97.8 99.5 101
Gansu 107.6 119.1 117.9 103.2 104.9 107.2 115.4 123.7 119.8 110.2 102.9 99 97.6 99.5 104
Qinghai - - - 105.1 107.6 108 113.2 121.8 118 110.8 104.8 100.7 99.5 99.5 102.6
Ningxia 107.3 117.1 117.2 107.1 106.3 108.3 114.3 123.1 117.1 106.8 103.8 100 98.7 99.6 101.6
Xingjiang 107.2 114.7 116 105 108.6 108.6 113 126.7 119.7 110.5 103.7 100.2 97.4 99.4 104



<Appendix 11> Fixed Asset Investment Price Index of China's Provinces(%)
Provinces 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Beijing 107.3 112.2 126.6 116.2 113.9 108.2 102.7 100.8 99.9 101 100.6
Tianjin - 119.4 122.9 111.9 107.6 102.5 100.8 98.9 99.2 99.9 99.7
Hebei 106.8 129.3 124.8 110 106.9 103.9 101.5 97.8 99.4 101.1 99.9
Shanxi 107.8 116.8 124.8 108.3 106.8 104.9 101.5 98.8 99.7 101.8 101.7
Inner Mongolia 107.1 109.3 124.5 106.7 103.9 105.3 99.7 101.7 101.9 101.9 100.8
Liaoning 108.2 120.9 136.4 117.4 104.9 102.2 102.3 99.8 100 101.1 100.4
Jilin 111.9 116.4 128.8 107.3 109.6 102.9 104.4 100.8 102.2 102 101.1
Heilongjiang 107.6 113.5 127.9 109 106.5 103.4 102.7 100.8 99.7 101.5 100.1
Shanghai 107.3 112.9 131.4 108.8 103.1 106.9 100.5 98.4 98.1 100 100.7
Jiangsu 104.5 112.1 138.8 114.6 107.4 103.2 99.2 98.4 98.3 101.1 100.8
Zhejiang - - 138.8 112.4 107.2 101.3 99.5 97.6 98.2 100.3 100.4
Anhui 114.8 119.8 123 120.1 106.5 103.4 101.3 100 99.3 101.6 99.5
Fujian 108.6 114.9 134.1 107.3 104.8 104.7 101.1 98 98.5 100.2 99.5
Jiangxi 110.4 110.1 129.8 114.6 107.2 105.8 101.4 102.1 98.6 101.4 98.9
Shandong 112.4 119.4 122.1 115.8 106.6 103.1 100.4 99.2 99.6 102.4 101.4
Henan 109.4 119.8 126.7 106 105.9 103.9 102.9 98.7 98 102.9 100.4



Provinces 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Hubei 108.3 117 127.4 107.9 105 104 102.1 100.5 99.5 101.7 100.1
Hunan 108.1 116.4 129.5 113.5 109.5 104.9 101.8 102.7 100.5 102.3 101.3
Guangdong - 124.6 - - - - - - - - 100.2
Guangxi 101.7 117.9 131.2 112.3 103.4 103.6 100.3 99.9 96.1 101.4 102
Hainan - - - - - - - - - 101.8 100.3
Chongqin - - - - - - 101.7 98.7 100.5 102.5 100.8
Sichuan 108.1 113.9 133.2 107.3 101.2 104.8 102.2 97.5 100.5 100.9 101.5
Guizhou 110.6 120.2 126.9 113.1 107.6 105.4 101.4 100 99.4 102.2 100.4
Yunnan 112.1 117.6 135.4 113.6 104 104.3 105.4 101.8 100.7 101.6 101
Xizhang - - - - - - - - - - -
Shaanxi 112.9 119.1 129.5 111.7 107.9 107.8 105.3 101.8 101.2 103.6 103.6
Gansu 116.5 117.4 126.2 112.6 109.4 104.9 102.7 100.3 101 103.3 102
Qinghai - 115.1 125.9 108.4 105.3 103.5 103 98.5 100.1 101.6 100.3
Ningxia 110.4 117.3 123 112.6 109.3 107.4 102.2 102.1 99.7 104.5 101.5
Xingjiang 114.8 116.9 126.5 112.3 106.2 105.6 103.2 102 99 103.6 102.5



<Appendix 12> Expenditures of Domestic Research & Development(R&D) of China's Provinces
(10 thousand Yuan RMB)

Provinces 1995 1996 1997 1998 1999 2000 2001
Beijing 1135114 1303334 1405060 1415218 1558821 1591280 1556635
Tianjin 131243 136856 142431 138114 133855 116187 246931
Hebei 72233 86092 73798 63254 89876 102239 262738
Shanxi 57495 64472 48493 54978 55361 59076 98942
Inner Mongolia 28706 32206 29389 26662 24943 26545 33444
Liaoning 200837 225886 219947 226236 224847 227326 416934
Jilin 99806 116256 104093 94316 98484 102005 133741
Heilongjiang 66362 73836 72561 78559 75185 68578 149414
Shanghai 483859 552838 488060 440453 407084 460333 736146
Jiangsu 250861 308574 244998 262177 275662 331475 729995
Zhejiang 67003 73986 75076 85369 89793 95658 335171
Anhui 57038 61687 52405 54632 56177 92213 200215
Fujian 26054 28094 29436 32668 39382 41722 211918



Provinces 1995 1996 1997 1998 1999 2000 2001
Jiangxi 46996 45891 31688 36978 43390 44647 81882
Shandong 137635 142448 133250 138880 149595 151968 519501
Henan 132274 144748 118619 132470 110969 126391 248024
Hubei 200349 213895 242208 257293 259123 195954 348239
Hunan 130601 145905 105993 96901 96571 84864 192442
Guangdong 215392 225702 230409 227309 235726 187144 1071166
Guangxi 58449 55563 38932 40122 36211 41117 83597
Hainan 10772 9554 8685 10033 11468 12262 8306
Chongqin 40035 44455 54204 57412 101294
Sichuan 371985 421603 341785 330584 358959 366260 448848
Guizhou 21432 22608 21163 20522 21233 23370 41774
Yunnan 58960 72942 76595 73947 72811 64392 67995
Xizhang 2373 2884 3220 3108 3139 3124 2412
Shaanxi 237233 259742 288519 298979 273508 363665 494570
Gansu 237233 89987 80153 72450 77981 64404 72565
Qinghai 7498 8646 9957 10414 11587 10959 12937
Ningxia 12461 13821 9246 9498 9251 7204 16488
Xingjiang 21454 25759 23232 24660 29001 34933 32381
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<Appendix 13> Number of Employee in Hong Kong, Macao, 
Taiwan Firms of China’s Provinces

(10 thousand persons)
Provinces 1996 1997 1998 1999 2000 2001
Beijing 10.1 10.2 13.1 13.5 14.2 12.9
Tianjin 6.4 8.5 8 10.4 10.7 11.2
Hebei 8.5 7.6 6.2 5.9 5 5.4
Shanxi 1.4 1.4 2 1.7 1.7 1.7
Inner Mongolia 1.9 2.1 2.3 2 1.7 1.6
Liaoning 8.2 8.7 9.5 10.2 10.2 8.1
Jilin 1.7 1.8 2 2.4 2.4 2.4
Heilongjiang 4.4 4.6 4.4 4.1 3.5 3.6
Shanghai 13.7 13.8 16.9 22 23.3 17.6
Jiangsu 19.5 20.6 20.1 19.8 20 20.8
Zhejiang 12.4 13 15.5 15.2 15.9 16.8
Anhui 2.2 2.3 2.1 2.3 2.1 1.8
Fujian 37.9 44.1 47.6 49.1 51.5 61.3
Jiangxi 2.7 2.4 3.3 2.9 2.6 3.5
Shandong 12.7 13 11 11.1 11.9 12.6
Henan 8.9 8.7 9.2 9 9.6 7.6
Hubei 5.9 5.4 4.7 4.1 4.1 4.2
Hunan 2.6 3 2.8 2.8 2.7 2.8
Guangdong 89.6 96.4 99 102.7 102.7 104.9
Guangxi 2.3 2.1 2.8 2.7 3 2.8
Hainan 1.9 1.9 1.7 1.6 1.7 1.5
Chongqin 1.8 2 2.2 2 2.1
Sichuan 3.4 1.8 2.6 2.8 2.6 2.3
Guizhou 0.7 0.6 0.6 0.6 0.6 0.7
Yunnan 1.8 1.9 1.8 2 1.7 1.6
Xizhang 0
Shaanxi 1.2 0.8 1.1 1.3 1.3 1.5
Gansu 0.7 0.3 0.4 0.4 0.3 0.6
Qinghai 0.2 0.2 0.2 0.1 0.03
Ningxia 0.3 0.3 0.4 0.3 0.3 0.3
Xingjiang 1.5 1.3 0.9 1 0.9 0.9
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<Appendix 14> Number of Employee in Foreign Firms without 
Hong Kong, Macao, Taiwan Firms of China’s Provinces

(10 thousand persons)
Provinces 1995 1996 1997 1998 1999 2000 2001
Beijing 18.1 20.7 21.2 21.2 20.6 23.8 22.4
Tianjin 12.9 15 18.2 18.2 22.2 24.6 25.9
Hebei 7.2 8 8.1 7.3 6.7 6.9 7.3
Shanxi 1.9 1.9 1.8 1.1 1 0.9 1.2
Inner Mongolia 2.2 2.7 2.8 1.7 2.1 2.2 1.7
Liaoning 17.8 17.2 19.1 19.9 18.9 20.9 20.7
Jilin 6.2 7.2 7.4 5.5 5.7 5.9 6.1
Heilongjiang 5.5 4.6 4.7 3.8 3.6 3.4 3.6
Shanghai 22.2 27.1 29.8 35.5 36.8 40.3 33.2
Jiangsu 18 22.1 23.8 26.4 28.6 31.4 32.4
Zhejiang 12.7 14.4 14.8 11 12.3 13.9 14
Anhui 3.8 3.5 4 3.4 4 3.6 4.1
Fujian 16.4 28.4 32.2 35.9 36.5 40.3 35
Jiangxi 1.9 1.6 2.5 2.4 2 1.4 1.4
Shandong 24.7 25.9 28.9 28 33.9 38.7 41.7
Henan 7.6 7.3 7.2 6.2 5.8 5.5 5.4
Hubei 4.2 4.1 4.7 4.6 3.5 4.7 5.6
Hunan 3.2 3.3 3.6 3.4 2.8 2.9 2.3
Guangdong 35.8 40.3 42.6 38.7 40.5 43 46
Guangxi 5.7 5.4 6.6 4.9 4.1 3.8 3.7
Hainan 1.8 1.9 2.2 1.5 1.6 1.7 1.7
Chongqin 2.8 2 2.2 2.6 2.6
Sichuan 5.1 6 3.6 3.8 3.8 3.3 3
Guizhou 1.5 1.2 1.4 1.3 1.3 1.2 1
Yunnan 1 1.2 1.5 1.3 1.2 1.3 1.3
Xizhang 0.1 0.02
Shaanxi 1.2 1.2 1.3 1.7 1.6 1.6 2.2
Gansu 1.1 1.2 1.1 0.8 0.9 0.9 1.4
Qinghai 0.1 0.2 0.1
Ningxia 0.9 1 1.1 1 1 1 0.8
Xingjiang 0.5 0.6 0.6 0.6 0.5 0.5 0.5
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Abstract

B y measuring the cha nge of t ot al factor produc tivity(TFP ) 
in  China’s  provinces, th is  paper deve lops  a framew ork of 
modeling technology spill overs. B oth theore tical and empirical 
analyse s of t he potential  cha nnels  of in ternati onal te chnology 
spil lovers  as  w ell a s t he  determinants  affecting TF P in  C hina 
are carried out. The derive d resul ts show that domest ic re - 
se arch and development(R &D) expendi tures , human capital 
st oc k and employe es brought by foreign e nt erprise have  s ig- 
nificantly  pos itive effects  on output and growth of TFP . The 
study  identifies  R&D  performed by  adva nce d countries 
transferred to  host country vi a training of employee or learning- 
by-doing in  FD I firms. F DI inflows  are found to be an 
important channel  of in ternational technology spi llove rs , but 
domesti c imports and imports  of FD I firms do not seem to 
have ge nerat ed a dequate t echnology spillovers needed to  stim- 
ulate productivity  growth. M oreover, the effect s of in te rac tion 
betwe en human capit al s tock in  hos t country and F DI s tock 
are found to  have ha d rather lim ited effects  on productivi ty . 
This sugges ts that human capit al stock ha ve not ade quate ly 
reached a  le vel  w he re  it  can absorb advanced t echnology from 
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FD I fi rms through technology spil love rs . This s tudy helps 
better understa nd the impacts of activiti es a ssoci ated wi th 
Multi -nat ional  corporations(M NC s), F DI and  international t ra de 
regarding the i nt ernat ional  diffusion of technology in C hina .

* K ey w ords
 Technological spillovers, Foreign direct inves tment, Research and 

development(R&D), Total factor productivity(TFP ), China. 




