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Abstract

This paper analyzes the absorptive capacity of muoapital for FDI technology spillovers using
threshold regression. The estimated human capitesholds are 4.92 per cent, 10.99 per cent and
30.49 per cent, in terms of percentage of the labwee that received higher education. When the
quality of human capital exceeds 4.92 per cent,nibgative effects of FDI mitigate significantly.
Subsequently, when it exceeds the sign-changehibicesf 10.99 per cent, the negative effects of FDI
transform into positive spillover effects. An atiloal threshold of 30.49 per cent further
strengthens the positive effects. The sign-chathgeshold corresponds with 3.42, in terms of
average years of secondary school attainment bythk force. The comparison between realistic
human capital and the estimated thresholds shoatswthile most developed countries exceed the

threshold of 10.99 per cent, some developing c@astincluding China, are below this threshold.

In a big country like China, some regions meet sign-change threshold; others do not. This
partially explains why productivity growth lags lieth economic growth and why inequalities in
productivity exist among regions. Fortunately, thercentage of Chinese provinces above the
sign-change threshold has been increasing in regeats. Moreover, significant interregional
technology transfers are found, which means baakwegions are able to adopt foreign technologies
already assimilated by advanced regions. Besiilesetexternal causes of technological progress,
internal factors, such as public infrastructure &websearch and Development (R&D) capital stock,
also have positive effects on knowledge. Differ@mbductivity calculations including growth
accounting and long-memory data-envelopment aray$1DEA) have been used in the regression,
to obtain proximate estimates of thresholds. Tiedy@es also reveal that Chinese economic growth
in the past was capital-driven, but is currentlgdraing more technology-driven, with a productivity

growth rate of some 4 per cent.

Keywords: Technology spillovers; human capital; developingirddes; threshold regression;

DEA






1. Introduction

Since China embarked on reforms and adopted theirapep policy in the late 1970s, inflows of
foreign direct investment (FDI) to China have bednamatic. According toChina Statistical
Yearbooksthe realized value of inward FDI to China, whatbod at a mere $1.96 billion in 1985, had
soared to $69.47 billion in 2006. China has thesome the largest host country for FDI among
developing countries, is the second largest hoghtep in the world (UNCTAD, 1995), and could
become the most attractive location for FDI over tfext three years (UNCTAD, 2008). Foreign
investment has played an increasingly importangé fiol Chinese economic growth. During the

period 1978 to 2006, China’s average annual GD®tyroate stood at 9.8 per cent, in constant prices.

Some authors point out that China’s remarkable operdnce is mainly attributed to factor
accumulation of capital and labour (Sachs and V¥88y; Zheng, 2005; Ozyurt, 2007); productivity
growth, represented by total factor productivityrf), is low. Young (2003) finds that TFP growth
in China’s non-agricultural economy is 1.4 per gaett year. Zheng's (2005) estimation, based on the
UNIDO productivity database, shows that the aveg®ual rate of change in TFP during the period
1962 to 2000 was 0.5 per cent, with its contributto economic growth only 7.9 per cent. An
important question arises from these findings. prieductivity progress in host countries, promoted
by FDI, commensurate with the scale of inward fgmeinvestments? Empirical tests by Hale and
Long (2006b) reveal positive FDI technology spiéos for technologically advanced native firms, but
find no, or negative, spillovers for backward onEecusing on countries other than China, some
works find positive technology spillover effectsorin FDI for developed countries (Caves, 1974;
Globerman, 1979; Liu et al., 2000), while othemdfiinsignificant or negative results for less
developed countries (Haddad and Harrison, 1993j15ih992; Aitken and Harrison, 1999). These
results imply that negative or positive effectsFidl technology spillovers depend largely on the

absorptive capacity of host countries.

This paper attempts to determine a threshold wheth serve as a benchmark for reviewing the
positive or negative effects of FDI technology kpiérs. The threshold, represented by human

capital for the latter, is regarded as a good nreasent for absorptive capacity (Nelson and Phelps,



1966; Keller, 1996; Borensztein et al., 1998).|d#0aendeavours to answer the following questions:
First, why does productivity progress, brought d@bioy FDI, conflict with FDI-induced economic

growth in some developing countries? Second, hawvane explain why some regions or countries
derive positive FDI technology spillovers, whilehets do not? Third, when human capital of a
country is below a specified threshold, can FDhtedogy spillovers continue to be utilized? Fourth
can skilled labour-scarce countries depend on -imdteonal technology spillovers to complement
deficient international technology spillovers? dliy taking into account human capital thresholds
and FDI technology spillovers, will domestic Resbaiand Development (R&D), infrastructure

construction and institutional changes influenaedpctivity progress?

This paper adopts a new approach with thresholessmn, as suggested by Hansen (1999), based on
Chinese provincial panel data. This approach gdesithresholds endogenously, and tests them with
an asymptotic distribution simulated on the badisadootstrap procedure. It differs from other
methods adopted in existing literature on humaritaiaghresholds for FDI spillovers (Borensztein et
al., 1998; Xu, 2000). The estimated human capitasholds represented here are in terms of the
proportion of the labour force that received higkhducation. To avoid problems caused by flow
variables, the labour force that received highercation is gauged by the cumulative stock of annual
tertiary school graduates, with depreciation. Tgrisxy of human capital highlights the absorptive

capacity of higher education and the active woiddor

Since TFP is sensitive to estimation approache#y lgoowth accounting and the long-memory
data-envelopment analysis (LMDEA), suggested bytRer and Isaksson (2002), are used to estimate
TFP. Variable returns to scale (VRS), constanirrs to scale (CRS) and other facets of the two
approaches are also considered in these estimatioAs a totally different measurement of
technology, in addition to TFP, patents are alssdus calculate the correlation coefficients betwee
TFP estimates and patents in order to select bettamators. Three selected TFP estimates are used
simultaneously in analysis or regression. A conspar between those results precludes any risk of

being biased by using a single TFP estimator.



Section |l reviews existing literature, while sectilll presents human capital threshold modeldedla

to knowledge production and technology spilloveR&D stock, R&D human capital, public
infrastructure, degree of marketization, interregiotechnology spillovers and FDI technology
spillovers absorbed by human capital are regardezkplanatory variables in the model. Section IV
estimates provincial TFP series using the differgroaches mentioned above, compares different
TFP estimates, and discusses Chinese economic lgroection V then provides the empirical
findings with regard to FDI technology spilloversitiw human capital thresholds, interregional
technology spillovers, the impact of domestic R&mblic infrastructure and institutional changes
caused by market reform. Having determined thfeesholds, facts about who satisfies these

thresholds are presented. Finally, section VI tuadess with a discussion on policy implications.

2. Literature review

Openness is a well-known factor that facilitatesneenic development. Investments from developed
to least developed countries are a major chanmelefalizing this procedure. In addition to direct
investment effects, FDI also has indirect effestgsh as technology spillovers, on indigenous firms
(MacDougall, 1960). Evidence of FDI technology kpiérs is found in empirical studies by Kokko et
al. (1996), Blomstrom and Kokko (1997) as well ascase studies by Larrain, Lopez-Calva and

Rodriguez-Clare (2000); Moran (1998, 2001).

The technology gap and absorptive capacity detewnioy human capital are also addressed in
existing literature. Findlay (1978) postulatestttiee rate of technological progress in a backward
country is an increasing function of the technolggyp between its own level and that of a foreign
advanced country, which means that keeping otlatorfa constant, less advanced countries with big
gap gain more from technology diffusion than relff advanced countries. Nelson and Phelps
(1966) consider the technology gap and human dapitagrally. They argue that education

accelerates technology diffusion, therefore tecrpcogress increases with the increase of educatio
attainment and is proportional to the technologigap between theoretical and practical levels.

Alternatively, Keller (1996) does not agree withetidea that technological gaps bring about



convergence, and suggests that even if the distibof technological information is freely availab
those technologies cannot be utilized unless theula force possesses the corresponding skills.
Eaton and Kortum (1996) also highlight the indisgadsie role of human capital in the absorption and

transfer of intra-national and international ideas.

However, the emphasis on human capital, as a dietninof technology spillovers, does not provide
clear direction to policy makers. A feasible gugt®uld specify the quality level of human capital.
In this paper, this is represented by the proportd labour force that received higher education.
When host countries attain this level—termed hesetlee threshold—significant and positive

technology spillovers, instead of negative or indigant ones, take place.

Several authors endeavoured in their search foimmirhuman capital conditions. Borensztein et al.
(2998) find that FDI from Organisation for Econom@o-operation and Development (OECD)

countries to developing countries has positivectffeon output growth only if host countries have
reached a minimum human capital threshold of 0.33-Years (in terms of male secondary school
attainment over age 25). They claim that humaritalagtock of most developing countries exceeds

this threshold.

Alternatively, Xu (2000) presents a higher thredhlelvel of 1.4-2.4 years, suggesting that as most
developing countries are below this threshold, delveloped, not the poor, countries benefit more
from FDI technology spillovers. As foreign advadcechnologies are usually absorbed by the
segment of human capital that received higher daiugaa threshold given in terms of secondary
school attainment could frustrate the endeavoudewéloping countries. Moreover, due to the rapid
development in China, the educational structurdhefolder generation is totally different from tladt
the new generation that currently constitutes theve labour force. Thus the human capital
threshold, based on adults over 25 years of age,underestimate the real educational level of fast

developing countries.



In addition, Borensztein et al. (1998) and Xu (2008gard a developing country as a whole.
Problems arise when applying their conclusionsxigain the growth of a large developing country,
such as China, where regional differentiation snpunced. Empirical studies show that technology
spillovers vary across regions. Chen et(2004) argue that spillovers correspond more witfhér
levels of education and are highly concentratethéneastern areas of China. Fu (2007) studies the
inequalities between coastal and inland areas,ctaiths that the uneven distribution of FDI and
human capital are major reasons for economic irlgigsa Fleisher et al. (2007) also argue that the
distribution of human capital affects technologywth and hence induces regional inequalities.
Therefore, the absorptive capacities of the eastathmid-western areas of China are diverse, with

varying spillover patterns across the country.

The key features of Chinese economic growth arétata@nd labour-driven, such as large-scale
inward foreign capital and peasant labour, bagidam rural areas. Growth accounting analysis
reveals that apart from contributions by capital &bour, technological progress has also played an
increasingly important role in economic growth ouwbe past few years. Nevertheless, some
researchers question the efficiency of Chinese R#&dgause R&D investment in China is more

intensive in the public than in the private se¢i¥ao and Zhang, 2001).

Though the importance of indigenous R&D cannot lemied, it is true that the bulk of new
technologies in the world is created by a handfuhe richest countries (Eaton and Kortum, 1996;
Keller, 2004). Jones and Ruffin (2008) imply thatompensated technology imitation accounts for
the fast growth of China. Thus, technology spi#ie/ from abroad are crucial for developing
countries and explain the technological progressaofleveloping country where human capital
surpasses the threshold. However, the same alveorpechanism may not apply if a developing
country’s human capital is below the threshold ahere the subsequent effects of FDI are negative,

as in the case of China.

To explain technology advance in such countriegioraal inequalities and intra-national technology
spillovers should be considered as a complememttéonational spillovers. In fact, Madariaga and
Poncet (2006) highlight that FDI spillovers in Chiare spatially correlated. Chang et al. (20059 al

5



find intensive technology spillover effects from deonized local firms to other local firms, in adlolit
to FDI spillovers. When studying the technicahtiginship between firms in the United States and
Japan, Branstetter (2001) finds deficient inteoratl spillovers, suggesting that technology spélsv

are primarily intra-national.

Most studies related to Chinese FDI technologylegls do not consider the threshold effects. Liu
and Liu (2006) study the Chinese human capitalstiolel of FDI technology spillover based on
Borensztein et al. (1998). As Liu and Liu alreaabged, a multi-collinearity problem arises because
of insufficient samples, which only cover the pdrD00 to 2003. Their estimated threshold is 0.049
per cent, in terms of proportion of annual tertignaduates to total population. Such a threshold
analysis, based on annual graduates, may leaddodusion that when a region increases its number
of annual tertiary graduates and reaches the esdjléwvel, it immediately crosses the thresholdneve
if its well-educated human capital stock is sl Thus, substituting human capital with a stock

variable and including more observations could muprthe quality of empirical results.

The research here differs from existing literatimefollowing aspects: First, the threshold is
estimated endogenously using the threshold regregsovided by Hansen (1999). Borensztein et al.
(1998), Xu (2000) and Liu and Liu (2006) obtainithidareshold values by splitting samples into
groups, based on a series of exogenously choseshthids, or by estimations using a group-specific
dummy. Athreshold is confirmed when there isgaigicant sign-change of the spillover efficient, o
when thet-statistic of the dummy variable reaches a maxinvatmne. In this paper, thresholds are
achieved by minimizing the total sum of squaredmstr Tests are then carried out to determine the
significance of these thresholds with a likelihaadio statistic of which asymptotic distribution is
simulated using a bootstrap procedure. This approales out the arbitrary choice of thresholds,
and inferences are based more on statistical Gataa (2005) uses threshold regression to analyze
FDI technology spillovers. The threshold variableabsorptive capacity - is measured by
technological distance, which is defined as lodaPdivided by the maximum TFP of technological
frontiers. As TFP is sensitive to data sourcesestimnation approaches, this limits the compargbili

of TFP thresholds contained in different studielence, human capital, instead of technological

distance, is used in the model here.



Second, the human capital thresholds here arensidrins of the proportion of labour force that
received higher education, which are different fritven thresholds set by Borensztein et al. (1998) an
Xu (2000) that are set in terms of secondary schttainment of male adults over 25 years of age.
This threshold, which is generated by accumulatetidepreciated tertiary graduates, emphasizes the

absorptive capacity of higher education and thecgffe workforce.

Third, in addition to FDI technology spillovers,gienal inequalities and intra-national technology
transfers are considered. Physical and human tapitablic infrastructure and geographic
environment vary significantly across regions. rBf@re, if regional differences and interregional
technology transfers are neglected, some relevdrtraal causes for technological progress in less
advanced regions, whose absorptive capacitiesedosvlihe threshold, will be partially omitted, and
could cause regression errors. Chen et al. (200d)others treat regional differences by separating

samples into eastern and western areas, but faildeess interregional technology transfers.

Fourth, by comparison, some regions appear tohg#tis minimum requirement, while others do not.
This means that skilled labour-scarce regions bélemhreshold should not depend on the negative

effects of FDI foreign technology spillovers.

Fifth, as public infrastructure plays a key roleGhinese economic development, to the extent that i

improves efficiency, allocates resources and dseeproduction costs, it is included in the model.

3. Empirical specification based on threshold model

With regard to the choice between TFP and patem®—most frequently used technology
measurements—preference is for the former. AddBedbk (1990) points out, not all inventions are
patented. Moreover, as patented inventions diifemensely in quality, they will not affect

productivity unless they are applied. Consequerttig number of patents cannot adequately
represent active technology and can therefore eotdnsidered good indicators for technology

efficiency.



In contrast to patents, TFP includes both technologange and technology efficiency. Such a
standpoint is appropriate for this study becauselymtivity and efficiency spillovers constitute a
major part of FDI technology spillovers. To forratd the production function of TFP, first the
determinants of TFP are sought. Chen and Dahln20vj2argue that the determinants of TFP include
the institutional and economic regime of the econdiy), education and traininge), domestic
innovation capacity or stock of knowledg®g, @nd information and communication infrastruct(ije
Zheng (2005) and Isaksson (2007) also support tdessrminants. Chen and Dahlman provide the

following equation.

TFP= f(g e i) (1)

First, the domestic innovation capacity which isaed byr in equation (1) is discussed. Based on
the theories of Romer (1990), R&D human capital &ndwledge stock in the R&D sector are the
determinants of new knowledge creatfoR&D human capital in the R&D sector is indicatestén
with H later. However, the measurement of knowledgekstontinues to be a problem for current
studies. Even though TFP is a good measure of ¢dotp and while some authors place TFP on the
right hand side of equations (Cameron et al., 1€98fith et al., 2004), TFP is not considered ado
indicator for knowledge stock as TFP can recedeeitain years, whereas knowledge stock would not

regress under peaceful circumstances.

While TFP adequately represents active technolquplied in production, this is not the case with
basic knowledge adequately, which is necessarpdar knowledge production Accordingly, Zheng

(2007) argues that TFP only reflects instant préditg A good substitute for knowledge stock and a
usual explanatory variable for knowledge product®R&D capital stock. Grilliches (1979) suggests

that past and current R&D expenditure, that is;lstif R&D capital is a good measure for knowledge

! The formula of Romer (1990) #A = JHA, whereH is human capital in R&D sector aAddenotes knowledge stock. Jones
(1995) extended this model d& = sH'A.
2 For example, the effects of basic investment seaech may not be reflected in the TFP in the fugare.

8



stock. R&D capital stock is divided into two partdR&D capital stock in the host region, represented
by RD; and the weighted sum of R&D capital stock of otteggions, excluding the host region, the
variable of which is denoted BDO. The latter corresponds to knowledge externalitseiggested
by Romer (1990). Coe and Helpman (1995) also vienwteighted sum of R&D capital stock of other
countries as representing technology spillovershus]r in equation (1) is segmented irth RDand

RDO.

With regard to the institutional and economic regimepresented by in equation (1), the most

outstanding changes in China are the introductioa market mechanism and the opening-up policy
(Zheng, 2005). Market reforms in China are chardmgd by the increasing non-State-owned share
of the economy. Hence, the pace of market refarindexed by a ratio of non-State employees to

total employed labour force, following the methddzbang (2001). This ratio is denoted My

As a result of the opening-up policy, the influx fofeign capital resulted in significant changes.
These impacts are reflected not only in the schievestment, but also in the improvements in the
technology level, management skills, quality of lpulservices, income distribution system and
protection of property rights. In other words,rtieases productivity as a whole. Thus FDI capital
stock is used as a share of total capital stociGiwtepresents the influences of FDI.  This vagabl
referred to ad~, and ratios for both institutional variablés and M are used to eliminate scale
differences among provinces. As Borensztein ef18198) and Xu (2000) state, developing countries
need to reach a minimum human capital thresholdrbehey are able to reap the benefits from FDI
technology spillovers. Accordingly, education amdining are combined with FDI technology
spillovers in an interactive way. Hence, in thisdalp human capital is involved both in independent
domestic innovation and in the absorptive capaéity FDI technology spillovers, which are
represented bid andE, respectively. E reflects the proportion of labour force that reeei higher
education to total labour, and is the thresholdaide for FDI spillovers. In so doing,in equation

(1) is divided intaM andF and substitutes with E to extend the equation.

Démurger (2001), Fu et al. (2004) and Fleisher let(2007) regard public infrastructure as a
determinant of economic growth and technologicabpess in China. Following these perspectives,

9



P, which corresponds tbin equation (1), is added and reflects the lerajtthe regional highway
network, which represents public infrastructureedepment. Extending the determinant factors in
equation (1) to include the detailed variables aband involve the threshold effects, equation 1§2) i

Cobb-Douglas form is obtained.

TFPi,t = d Ht—la RDt—lﬁ RDQ_l” iE—f IW,— 1@:”_1| i dA G20
....where.. RDQ, = > ¢, RQ, @)

Nk

In equation (2), the period is denotedtland the subscriptrepresents different regions in the country.
All variables are at the provincial level and vagross regions and time.andg stand for the output

elasticities of R&D labour force and R&D capitabsk, respectivelyy measures the technology
spillover effects from other domestic regions. i an indicator function anglis the thresholdi; and

1, are FDI technology spillover coefficients, belowadbove the threshold, respectivelydenotes the
weight of regionj’'s R&D capital stock. In line with endogenous gtbviheory, technologically
advanced regions are usually economically advameedvice versa. Hencég, is assumed to be
equal to the ratio of the GDP in regiprio the sum of the GDP in all regions. All explamg
variables lag for one year because knowledge caigmat usually the outcome of previous R&D inputs.
Mansfield (1985) finds that 70 per cent of new waimons “leak out” within a year. As duplicated
development of the same knowledge is invalid anohkedge can be shared at low cost, the output

elasticity of each input factor is not limited. Hen constant returns to scale are not assumed.

Considering the logarithm on both sides of equat®)rand inserting an error teerm, the econometric
equation specified in equation (3) is obtainedtfar threshold regressioq.stands for fixed effects.
Herec, is allowed to vary across regions and therefoadsiv represents the initial technology level of

different provinces and spots any effects of oitime-invariant and cross-section fixed variables.

IN(TFR,) = G +aIn(H, )+ BIn(RB, L) + ¥yI( RDQ_) +7n( p.)

3
...... +pI(M, )+ AF, I (E <O +AF _J(E, >0+, ©
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In contrast with studies by Borensztein et al. @9@nd Xu (2000), the threshold variallen the
model is compromised by an indicator function, déimel estimate of the threshold can be generated
endogenously, according to procedures suggestetHdnsen (1996, 1999). The first step for
estimating equation (3) is to test the existencthefthreshold, based on a likelihood ratio testgh

in equation (4). Null hypothesis for this testti® non-existence of the threshold, which can be
denoted byHy: 1; = .. In equation (4),§ is an estimate of the threshol, denotes the sum of
squared residuals under the null hypothesis, wheg(@?) stands for the sum of squared residuals

with thresholdp . Further, 52 represents the residual variance when a threséeists, and is

equivalent tas(g) /[ N( T-1)] -
Laz%?i—zm,...and...ézargminSG) 4)
8

If LR, significantly rejects the null hypothesis, ther tifireshold exists and its estimate eggals
Asymptotic distribution ofLR; can be simulated using the bootstrap procedurenme@nded by
Hansen (1996). The bootstrap procedure generdtieslcvalues at different significant levels, and

generates p values for th&, statistic.

If a threshold effect is observed, the second step obtain the confidence interval for the thiddh
value. The likelihood ratio test provided by Ham$&999) forH,: 6 = 6, is shown in equation (5).
The asymptotic distribution dfR(®) follows p(LR@) < x) = (1 - exp(-x / 2f) This distribution
makes it possible to form valid asymptotic conficemtervals for the estimated thresholds and pbtai

critical values of significant level with equation (6).

LR(G,) = %)~ 29) (5)
o}
c(a)=-2In(l-V1-a) (6)
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Once the threshold value and its confidence intesva attained, the coefficients of the model are
estimated. There may be more than one threshdhlisrapplication. The model takes the form of
equation (7) when there are two threshotdsindd,. The estimation of the two-threshold model can
be divided into two stages. At the first stageineste 4, as if there is only one threshold. During the
second stage, estimaigas if the first threshold, is given. The inference also includes two stages.

The model with three thresholds and its estimatimmbe deduced by analogy.

IN(TFR,) = G +aIn(H,_,) + B(RD, ) + yIn( RDQ_) +77In( )+ pIn( M_)
------ A, (E, . <O)+AF _J(O<E,_ <O)+AF _\(E,_ »0)+s "

Based on existing literature, the following hypathe are presented below:

Hypothesis 1 The sign and magnitude of FDI spillover coeffitid; (i = 1, 2, 3) will vary in
accordance with the thresholds. Positive effetts0d will take place only if the host country has
minimum threshold stock of human capital (Borerigzét al., 1998). Thus, a sign-change point for
the international spillover coefficient can be ested. Moreover, other thresholds may exist which

induce significant changes in the coefficient, ddition to the sign change.

Hypothesis 2As the gap in human resources among indigenousn®gs much smaller than the
international gap, interregional technology spidliosare supposed to take place more easily, that is
is assumed to be positive, following the views oamstetter (2001) and Coe and Helpman (1995).
Branstetter (2001) suggests that with respect ¢bri@ogical progress, intra-national knowledge
spillovers are more important than internationalllegers. This hypothesis is in line with

externalities of knowledge.

Hypothesis 3In addition to the external factors, internal &ast such as R&D labour force and R&D
capital stock, public infrastructure and the madaion variable, have effects on knowledge
production. That isg andf are positive according to the theories of Rom&96), which means

that both the educated labour force and capitalksto the R&D sector contribute to technological
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progress. The coefficient of public infrastructuteat is,, is positive, as argued by Démurger (2001)
and Fu et al. (2004). This hypothesis is espgcigditional in China. The coefficient of
marketization, namelyy, is positive because this institutional improvemprovides the necessary

structural condition for productivity increasescaing to the perspectives of Zheng (2005).

4. TFP estimation and discussion on economic growth

Before analyzing the threshold model, first, inecessary to estimate the dependent variable of TFP
and study the contributions of the labour forceiteh stock and technology to economic growth.
For this, original data are taken fro@hina Statistical Yearbook991-2007, and all pecuniary
variables are deflated in 1990 constant pricesvedtment is deflated by the price index of
investment in fixed assets. Since GDP deflatok raal GDP growth rates are not available at the
provincial level, a compound index is constructedsed on the price index of investment in fixed
assets and the consumer price index. The two coemtdandices are weighted by their shares in
GDP? Capital stock is then calculated, based on thpgteal inventory method, and is demonstrated

in equation (8).

Ki,t:|i1+(1_6)Kit—1 8) (

K stands for capital stock,denotes gross capital formatignis the depreciation rate and indexes,
regions and periods, respectively. According tarthet al. (2004), for China, takes the value of
9.6 per cent. Capital stock in the initial yeaalso taken from Zhang et al. (2004). The labowdo

Is represented by the number of persons employé a&nd of the year.

GDP = C + | + G + X, wherel includes public investment ariélrepresents government consumption. Tleosapound
index = price index of investment * | / GDP + conser price index * (1 — | / GDP)Although this compound index is
not the perfect substitute for GDP deflator, ibétter than using price index of investment or comsr price index alone.
In 2006, in country level, the share of investmemt2.5 per cent, and the share of resident andrgawent consumption
is 49.9 per cent.
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To calculate TFP and analyze the contribution & kabour force and capital stock, their output
elasticities should be obtained. These are dermtadandp, respectively. There are two ways to
estimatea andp. The first is by calculating the income sharesapital and labour, which, when
perfect competition in factor markets prevails, ythequal the respective marginal products.
Unfortunately, factor markets in China are far frgrarfect due to restrictions on labour flow,
immature factor markets and a long history of tittorsal economy. This partially explains why the

elasticities estimated with this approach are Iptifferent from the others.

The second approach is to estimate the parameténg iproduction function in an econometric way.
The estimation function is shown in equation (9%eret is added to the model, as done by Lau and
Park (2003).Y;:, Ki;, andL;; denote GDP, capital stock and labour force of negion periodt,

respectively.

INY,, = Ag+At+ain K, +BIn |, +¢, 9

Totally differentiating the production function ak® equation (10) is obtained. The first termiof
on the right hand side may be identified as thegp@rional growth rate of, holding inputs oK andL
constant; in other words, the growth rate of TFPhus, by adding to the model, it is possible to

detect changes in TFP over time.

dinY din K dn L
L= A+a +
dt i P 4o

4 With the marginal product approach, Ye (2002) ditldat the output elasticity of labour equals 0,8dHich is contrary to
the finding of other studies noted in the resthis paper.
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When the elasticities of labour force and capitatls are given, TFP is calculated by equation (11)

based on the definition of TEP. TFP is assumed to vary across periods and regions

_ Yy
G -

Based on provincial panel data and the fixed effeetected by the Hausman test, regression refults
model (9) find that 1 per cent significant estinsat# o, f and 1 are 0.3563, 0.2717 and 0.0496,
respectivel§. 2 = 0.0496 means that TFP grew at a rate of 4.9@gmrduring the period of this study.
To estimate TFP, first, constant returns to scedenat assumed. Instead, the estimated elasticifie
0.3563 and 0.2717 are used to calculate TFP, aisdréisult is denoted byFPVRS However,
TFPVRSwould be much larger than the traditional estimateTFP as: + = 0.628, which is usually
assumed to equal 1. In line with the definition gnowth accounting and keeping the estimated
values of TFP within the traditional interval, tlestimated VRS elasticities are normalizet:=
0.3563 / (0.2717 + 0.3563) = 0.5678, = 1 —a' = 0.4327" This normalization procedure
corresponds with the method used by Zhang and283), the results of which are widely accepted
by the Chinese academic circle. TFP estimatesdbasenormalized elasticities are denoted by

TFPNRM

The normalized elasticities are similar to estiradig Zhang and Shi (2003). Based on country-level
data series from 1952 to 1998, Zhang and Shi (2008)thata = 0.609 angt = 0.391. Thus, even

with different data sources, there is a similabgpween the estimated elasticities presented Inere a

® Comparing equation (11) with (99FP,; in equation (11) represents not oMy, but also variablé because we allow the
change of TFP with time. Thus, variable t is raftelcon the LHS instead of RHS in equation (11).

® a +p = 0.628 means decreasing returns if we only cemsicandL as inputs. Such result from panel data may bersifit
from the corresponding result estimated from csEgion data which do not allow the change of TFé ¢dime. If we
take outt from equation (9) and assume the TFP of a regi@omstant over time, the new regression resutteslthatx

+ 4 = 1.101, which is consistent with the common ustéerding. This implies that if we allow TFP changesoss time,
we should take TFP as an input in additioitandL.

In the calculation oT FPNRM we assume that+ = 1. This is according to the definition of TFFieh is calculated by
dividing outputs by total factors. As there are twput factors, total factors mean the weighted-ayes of the two factors.
Thusa + 8 = 1 is to assure that the denominator of equatldd is an average operation, like geometric medfp*?,
where 1/2 + 1/2 = 1. Otherwise, estimates of TFR tma out of traditional range and this makes défférestimates

incomparable.

~
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those by Zhang and Shi. Nevertheless, as TFP ysarecial to this study, it needs to be measured
through other approaches, and the advantagesiotigagstimation methods should be checked further
by comparison. First, TFP is estimated, with etéstis estimated by a ndrterm function, that isln
Yii=A +alnK,+pLnlL, which shows that = 0.7264 ang = 0.3748. As the sum afandp
is close to 1 this time, TFP is calculated withonatmalizing the elasticities and this result isicatied

asTFPNT.

Further, TFP is also estimated using the LMDEA apph suggested by Forstner and Isaksson (2002),
which deals with “receded technology” by appendingvious frontiers to the latest calculation of the
Malmquist index. Following Féare et al. (1994), Qio€l996) and Fu (2005), the formula for
calculating the output-oriented Malmquist indexslsown in equation (12). This non-parametric
method has the following advantages: The decisiaking unit (DMU) can be technically
inefficient, the form of production function may b@known, and neutral technical changes are not
necessary. Productivity changes can be decompngeeéfficiency and technical changes, denoted

aseffchandtechch respectively, in equation (12). Ardfchequals the ratio outside the brackets.

A" Ky, Yor) o DOk o) BCX W) iz — ot techel  (12)
(% %) (% Y) §7(x Y

M, (Yorr %10 Yo X) =

For a DMUi in periodt, d;(x[, y;) can be estimated using the following linear prograng under

constant returns to scale:

[di(%, W] ™ =max,, ¢,

st...=@¥ m*Y,'420,..0m1.. .M

...... X~ X' A20,...0k=1,.K
120,

(13)

16



wherex, y, KandM represent the input variable, the output variablember of input and output

variables, respectivelypis a scalar and is aN x 1 vector of constant is the number of DMUSsX
andY areN x 1 vector ofx andy, respectively. d;(xtﬂ, Y,,;) can be estimated by changing the period
subscripts ofx andy fromt tot + 1 and maintaining the period subscriptsXfindY tot. The
formulas for d."(x,,, y.,) and di™(x, ) can be obtained by similar adjustments. By adding

restriction of Z A =1, the results for variable returns to scale araiobtl.
i=1.N

Reflecting on earlier technology, frontiers of pgesars are appended as artificial DMUs and appéied
current estimations, thus, extendidgo N*, whereN* - N equals the number of the retained previous
frontiers. As the Malmquist index measures thengeain productivity, to obtain the level of

productivity, the accumulated product of annual mglist indices are calculated and assume
di(x,Y,) as the initial technological level. The resulfsLW/DEA under CRS assumption are

denoted bMALMCRS and those of LMDEA under VRS assumption are irnddédyMALMVRS

As good estimated values should reveal realisticesa one can assume that good TFP estimates from
different methods will correlate well with each ethbecause they are based on realistic values.
However, to ensure that the unexpected clusteladfdstimates do not conflict with decisions taken
here, the varied numbers of patents are addeca: tieetult group as it is assumed that regions vigth h
productivity will generate more patents. The clatfen matrix of the TFP estimates and patents are

shown in table 1.

Table 1. Correlation matrix of different TFP estimates and patents

TFPNRM TFPVRS MALMCRS MALMVRS TFPNT PAT

TFPNRM 1.0000 0.8535 0.9044 0.6802 0.8540 0.2219
TFPVRS 0.8535 1.0000 0.7235 0.7589 0.5425 0.1328
MALMCRS  0.9044 0.7235 1.0000 0.6916 0.7729 0.1630
MALMVRS  0.6802 0.7589 0.6916 1.0000 0.4836 0.0772
TEPNT 0.8540 0.5425 0.7729 0.4836 1.0000 0.1635
PAT 0.2219 0.1328 0.1630 0.0772 0.1635 1.0000

Source: China Statistical Yearbqd©91 to 2007.
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Looking at table 1, one finds that the correlatawefficient of TFPNRM and MALMCRS,namely,
0.9044, is the biggest. The correlation coeffitighiTFPNRMandTFPNT, 0.854, is next. Second,
on averageTFPNRM correlates with other measurements more intensiveln the others. Third,
the correlation coefficients of patents and TFivetes are low, which implies that patents pastiall
represent technology instead of productivity. Thesult supports the choice between TFP and
patents with regard to productivity. Finally, assog that patents are the raw indicator of pure
technology—technology and productivity are clos&iated—this paper finds th&iFPNRMhas the
highest correlation coefficient with patents, feled by TFPNT, MALMCRS Consequently,
following the correlation analysis above and thesuagptions on the nature of good estimates,

TFPNRM MALMCRSandTFPNTare selected for the further discussion in thizepa

When estimatingrlFPNRMand TFPNT, the proportion of the elasticity ¢f to the elasticity oL is
found to be around 6:4. This is contrary to theeyal benchmark of 4:6 (Romer, 1994) However,

it is important to note that other researchers Wn& also found similar elasticities. Chow (1993)
and Zheng and Hu (2004) used a value of 0.40 motiiput elasticity of labour. The labour shares
estimated by Hu and Khan (1997) were 0.386 and30dising the pre-reform and reform periods,
respectively. Zhang and Shi (2003) obtained 0.281ilfe elasticity of L. All these results suggest
that capital formation in China plays a key roleeiconomic growth. Calculations based on this
output elasticity show that the contribution of italpstock is very high. In 1991, capital formation
accounted for some 68.7 per cent growth in Ching this percentage stayed above 50 per cent

between 1991 and 1999.

8 Solow (1957) finds that United States’ output &ty of K is around 0.35, which indicates that the elastioftL is even
larger than 0.6 in industrialized countries.
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The capital-driven feature of Chinese economic gnoi induced by increasing foreign investments
attracted by the booming economy and by the quagital accumulation of the economy itself.
During the period 1991-2006, the average GDP graatd was 10.24 per cent, while the average
growth rate of fixed capital formation was 15.33 pent. In 1993, the growth rate of the latter hesitc
29.73 per cent. The comparison of the growth ratdéised capital formation in different countries
shown in table 2. It is found that among BraziysBia, India, and China (BRIC countries) and
OECD countries, during the periods shown in thdetaBGhina has the highest growth rate. Another
interesting fact about Chinese fixed capital foioratis that it has a political cycle. Figure 1
demonstrates that the corresponding growth rat&epea 1993, 1998 and 2003; the years when
elections were held. This suggests that the fixaedital formation is extensively Government

sponsored.

Figure 1. Fixed capital formation growth rate in China

35

Source: China Statistical Yearbook, 1991 to 2007.
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Table 2.

Comparison of the average growth rate dixed capital formation

Regional

grouping, Rate Period Country Rate Period

country (percentage) (percentage)
China 15.33 1991-2006Ireland 7.29 1998-2006
India 10.49 2001-2006 Italy 1.69 1989-2006
Russia 3.08 1996-2006Japan -0.18 1995-2006
Brazil 2.75 1992-2006 Republic of Korea 6.08 1989-2007
South Africa 4.11 1989-2006Luxembourg 5.69 1996-2006
OECD 3.41 1996-2006 Mexico 5.75 1989-2006
OECD Europe 3.31 1996-2006N\etherlands 2.85 1989-2006
Australia 4.83 1989-2006New Zealand 4.62 1989-2006
Austria 2.21 1989-2006 Norway 2.92 1989-2006
Belgium 3.32 1996-2006 Poland 7.03 1996-2006
Canada 3.67 1989-2006ortugal 2.43 1996-2006
Czech Republic 1.91 1997-200&lovak Republic 6.27 1996-2006
Denmark 4.24 1991-2006Spain 6.26 1996-2006
Finland 1.36 1989-2006Sweden 5.03 1994-2006
France 2.43 1989-2006Switzerland 1.49 1989-2006
Germany 0.90 1992-2006Turkey 6.57 1989-2006
Greece 9.10 2001-2007United Kingdom 3.13 1989-2006
Hungary 4.61 2001-2006United States 3.77 1989-2007
Iceland 13.00 1998-2006
Source: OECD Main Economic Indicators; All variablare deflated to constant prices.

Economic growth, which depends heavily on physieglital investment, could cause the economy to

overheat, and Government-motivated investmentsdcptdbably crowd out private investments. To

embark on a new, efficient and sustainable devedmpnpath, the Government highlighted

technological and innovative industries in receaarg. This is reflected in the TFP growth rate

estimated by model (10), which reaches 4.96 pet. @ére change of Malmquist productivity index

estimated by LMDEA, presented in figure 2, also destrates such a trend.
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Figure 2. Estimation results of LMDEA: Country level

—— Malmgmst —8— Techch —#%— Effch

Source China Statistical Yearbopk 991 to 2007.

Following the speeches made by Deng Xiaoping wiilehis trip in 1992 to the south, China began
improving basic elements to develop its market engn  Figure 2 shows that the technical-change
component in the Malmquist index exceeded 1 in 198® the efficiency-change component of
Malmquist index stayed around 1 since 1994. Thangh in the Malmquist productivity index,
which comprises the technical-change and efficiesi@nge components, is approximately 4 per cent
as of 2000, and this value is equivalent to 4.96 gent; the estimate of growth accounting.
Productivity growth is achieved more through techhprogress than through efficiency improvement.

This is similar to the conclusions by Zheng and(B04).

Technical progress can be further divided into dapéd technological progress and innovative
technological progress (Hoekman et al., 2005). lioafd technological progress focuses on mature
technologies that are the public domain or are labi® cheaply (Kim, 2002). Innovative

technological progress requires more creative idiey such as independent R&D, to grasp new
technologies. During the initial stages of teclgatal progress in developing countries, duplicated
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approaches may prevail, with technologies mainffusied from abroad. As these countries develop,
independent technological innovations will becomme mainstream. To facilitate this process, it is
important to find out the crucial factors that danattributed to the increase in knowledge, petestra
the black box of interregional and internationahteology spillovers and study the threshold effects

empirically.

5. Empirical findings

Provincial R&D data are taken fror@hina Statistical Yearbook on Science and Techmnplog
1991-2007 and other data are fr@@hina Statistical Yearbookl991-2007. TFP is calculated in
accordance with the methods mentioned above. dttmut force in the R&D sector in this paper is
represented by the number of persons engaged entific and technological activities. Intramural
expenditure for science research and technicallod@vent is viewed as the annual R&D investment,
and R&D capital stock is measured using the pegbetaventory method. Accordingly, the
depreciation rate of R&D capital stock is set atpgd cent, based on studies by Griliches (1990) and
Coe and Helpman (1995). Coe and Helpman (1995pyetspreciation rates of 5 per cent and 10 per
cent separately, and derive similar results. &rils (1990) finds that it takes 10 years to find
significant decreases in the proportion of renepatents, which suggests that knowledge depreciates
at an annual rate of some 10 per cent. FDI cagitalk is calculated on the basis of the perpetual
inventory method with a depreciation rate of 9.8 pent, which is consistent with the depreciation
rate ofK in the previous section. Annual investments in[R&nd FDI are deflated by the price

index of investment in fixed asséts.

The labour force that received higher educatiocoissidered as an accumulated variable of students
enrolled in higher education institutions with aotyear lag; it takes an average of two years for
in-school students to graduate. To assure thdtuhean capital thresholds in this paper are estichat
based on the active workforce, instead of the pijmul including the older generation, human capital

stock is depreciated annually. There is some euetrec evidence for the depreciation rate in human

®  Specific deflators for R&D and FDI are not avaltam China, hence the deflator for general investnieused.
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capital. Heckman (1976) finds that human capit@réeiation rate ranges from 4 per cent to 9 per cen
per year, while Haley's (1976) estimates range fress than 1 per cent to over 4 per cent.
Echevarria’s (2003) estimate of 2.5 per cent, whicmsiders life expectancy, retirement and
endogenous growth and is somewhere between thg’slaled Heckman’s estimates, is used Here.
The age group of the well-educated labour forc€na usually ranges between 20 and 60 years,
which is similar to that of Echevarria (2003). Theanmary statistics of the variables are shown in

table 3.

Table 3. Summary statistics of variables

Variable Mean Median Maximum Minimum Std. Dev.
Ln(TFPNRM) -0.6266 -0.6570 0.1149 -1.1658 0.2638
Ln(MALMCR -0.2915 -0.3323 0.9711 -0.7991 0.2971
S)

Ln(TFPNT) -1.4167 -1.4286 -0.9411 -1.8035 0.1821
Ln(H) 1.8894 1.9626 3.6448 -2.2867 0.9939
Ln(RD) 4.2900 4.2664 7.2161 0.2262 1.2200
Ln(RDO) 5.0682 4.9552 6.4407 3.9405 0.6884
Ln(P) 10.5563 10.6965 12.4874 8.0229 0.8243
Ln(M) -0.5249 -0.4337 -0.0775 -1.8546 0.3326
F 0.0593 0.0317 0.3074 0.0000 0.0714
E 8.1076 5.4096 45.7737 1.3910 7.9535

Source China Statistical Yearbook on Science and Teclyypli®91 to 2007, an@hina Statistical
Yearbook 1991 to 2007.
Notes Data are from 1990 to 2006.

19 The model was also estimated with the maximumamapital depreciation rate of 9 per cent providgdHeckman
instead of 2.5 per cent for comparison purposeth Wie depreciation rate of 9 per cent, the pesggnbf high quality
human capital in workforce will decrease signifitgnand the spillovers will still occur as otheariables are not
changed. As a result, when regressing with TFPNRivket thresholds of 2.77, 6.74 and 16.82 are oltaiaed the
significant sign-change threshold is 6.74. Thretmeded thresholds are 2.76, 5.49 and 17.38 whgressing with
MALMCRS, and the significant sign-change threshold.®9. All these values are relatively lower thhnse results
estimated with the depreciation rate of 2.5 pett.CEme reason for which we chose 2.5 per cent is tti@imaximum
deprecation rate of 9 per cent is close to the ebggtion rate of physical capital in China and huroapital usually
depreciates slower than physical capital, becausghs can accumulate experience and knowledge thikgrgrow old.
It is hard to say that people at the age of t fenn@t as good as those at the age of t. Thuseggrd human capital as a
generic concept. Their quality does not changendwiiorking period of their lives, and suddenly dsjpaites to 0 when
they retire, which means that we just annually remthe retired people from the human capital statk higher
education. The working age for well-educated peaoigally ranges between 20 and 60 in China, so exsay 2.5 per
cent (1 /40) is removed from the stock.
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5.1. Human capital thresholds for the absorption bFDI technology

Here, an attempt is made to find out the potehtismhan capital thresholds, and study their impact on
FDI technology spillovers. First of all, it is ressary to test the existence of human capital
thresholds; otherwise normal OLS or panel regresstwuld be used directly instead of threshold
regression. The likelihood ratio tests for thesetice of thresholds are shown in tables 4 anad5. F
all regions in China, when the dependent variablesMALMCRSand TFPNRM bootstrappeg
values demonstrate that single, double and triplesholds are significant either at the 1 per cerst

per cent level. When the dependent variableTFEPNT, then single and double thresholds are
significant at the 1 per cent level, whereas tripieshold is not significant. Hence, there is enitk
that at least two thresholds exist in this casedditonally, as regional disparities are salienCinina,

the threshold effects for the mid-western areasemted independently when the dependent variable i
TFPNRM. Results show that the single threshold beconggsfisiant at the 5 per cent level. The
double and triple thresholds are however insigaificfor the mid-western areas. As far as the
threshold effects for the eastern areas are coedethese could not be tested due to insufficient

observations.

Table 4. Likelihood ratio test for threshold effe¢s: TFPNT and MALMCRS

TFPNT: All regions MALMCRS: All regions
Likelihood P value Likelihood ratio P value
ratio
Single threshold 87.9296 0.0000 76.5050 0.0033
Double threshold 36.4400 0.0333 49.1775 0.0100
Triple threshold 19.7204 0.2033 30.4190 0.0500

Source China Statistical Yearbook on Science and Techyplid®@p1-2007, and  China Statistical
Yearbook]1991-2007.
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Table 5. Likelihood ratio test for threshold effets; TFPNRM

All regions Mid-west area
Likelihood P value Likelihood ratio P value
ratio
Single threshold 78.8777 0.0000 35.1974 0.0267
Double threshold 33.1647 0.0400 11.7224 0.5500
Triple threshold 25.03045 0.0600 7.3120 0.6167

Source: China Statistical Yearbook on Science arethnology, 1991 t02007, and
ChinaStatistical Yearbook, 1991 to 2007.
Notes:  The observations of the eastern regions are nficisut for the threshold test

Next, the values of thresholds and their 95 pet cenfidence intervals are estimated. The results
are presented in tables 6 and 7. The number eshbids estimated corresponds with the results
shown in tables 4 and 5. In the case of all regitor TFPNRM the three estimates of the thresholds

are 4.92 per cent, 10.99 per cent and 30.49 pér EenMALMCRS the three thresholds are 4.91 per

cent, 9.16 per cent and 30.04 per cent, andF&NT, the two thresholds are 4.91 per cent and 10.99
per cent. Comparing these values, it is found thatestimated thresholds are quite stable, despite
the change of dependent variables. For the midenesireas, a single threshold of 4.91 per cent is

found, and this value is equivalent to the firsegihold of all regions.

Table 6. Threshold estimates and their 95 per cembnfidence intervals:
TFPNT and MALMCRS

TFPNT: All regions MALMCRS: All regions
Threshold Estimate 95 per cent Estimate 95 per cent confidence
(percentage) confidence interval (percentage) interval
First 4.9066 [4.3049, 5.1821] 4.9065 [4.2504, 5.1821]
Second 10.9945 [10.7145,12.0706] 9.1645 [4.6699, 11.1688]
Third 30.0384 [24.14888,31.2604]

Source China Statistical Yearbook on Science and Techiypo@P1 to 2007, an@hina
Statistical Yearbook,991 to 2007.
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Table 7. Threshold estimates and their 9.5 per ceoonfidence intervals:

TFPNRM
All regions Mid-west area
Threshold Estimate 95 per cent Estimate 95 per cent confidence
(percentage) confidence (percentage) interval
interval
First 4.9207 [4.2798, 5.1821] 4.9066 [3.7612, 53)36
Second 10.9944 [10.7144, 12.0706]
Third 30.4921 [2.2872, 34.2334]

Source China Statistical Yearbook on Science and Techyold®91 to 2007, andChina
Statistical Yearbook, 1991 to 2007.

The likelihood ratio diagrams of the thresholds dtirregions andlFPNRMare presented in figures
3.a, 3.b and 3.c, and that for the mid-westernsaiedlustrated in figure 3.d. The flat lines drain

the figures correspond to equation (6). When thelihood ratios are above these lines, they
significantly deny the hypothesis 6f= 6, at the 5 per cent level. Thus, the confidenceryatl ford

= 6pis below the flat line and between the two intetisgcpoints of the flat line and likelihood ratio
curve. Appendix figures A and B, present the Ilkabd ratio diagrams faMALMCRSandTFPNT,

respectively.
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Figure 3. The likelihood ratio diagram and confidece interval: TFPNRM

3.a For threshold 4.92 per cent and 3. b. For teshold 10.99 per cent and
all regions all regions
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After identifying the threshold values, the modetegressed, the results of which are shown irsabl
8 and 9. By comparing normal standard errors andtéAdorrected standard errors of estimated
coefficients, the two standard errors are foundédoapproximate. This means that no significant
heteroskedasticity exists in this case. Thussitpeificant levels of the estimated coefficients e

decided by normal standard errors.

Table 8. Threshold regression results from knowlege production model: TFPNT and

MALMCRS
TFPNT: All regions MALMCRS: All regions

Coefficient S.E. Wht S.E. Coefficient S.E. Wht S.E.
Ln(H) 0.0062 0.0165 0.0130 0.0016 0.0156 0.0119
Ln(RD) -0.0006 0.0208 0.0196 0.0820*** 0.0195 0.0214
Ln(RDO) 0.0050 0.0222 0.0210 0.0226 0.0209 0.0214
Ln(P) 0.0621** 0.0268 0.0272 0.0571** 0.0255 0.0258
Ln(M) 0.0220 0.0411 0.0387 0.0209 0.0389 0.0403
F-1(E<0,) -1.3249*** 0.1688 0.1482 -0.4046*** 0.1585 0.1341
F-10:<E<0,) -0.6757*** 0.1717 0.1638 0.1520 0.1615 0.1220
F-1(0,<E<0,) 0.8657*+ 0.1787 0.1850 1.1574*** 0.1652 0.1443
F-1(E>03) 2.5238*** 0.2191 0.2335
01 4.9066 4.9065
0, 10.9945 9.1645
03 30.0384

Source China Statistical Yearbook on Science and Techppld91 to 2007, andChina
Statistical YearbogkL991 to 2007.

Notes

(ii) # Coefficient of F-1(ES,).

(i) * Significant at 10%; ** significant at 5%** significant at 1%.
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Table 9. Threshold regression results from knowlege production model: TFPNRM

All regions Mid-western areas
Coefficient S.E. Wht S.E. Coefficient S.E. Wht S.E.
Ln(H) 0.0055 0.0145 0.0111 -0.0086 0.0157 0.0097
Ln(RD) 0.0225 0.0181 0.0168 0.0162 0.0192 0.0166
Ln(RDO) 0.1297*** 0.0194 0.0194 0.0210 0.0216
0.1442%**
Ln(P) 0.0497** 0.0234 0.0233 0.0438* 0.0302 0.030
Ln(M) -0.0069* 0.0359 0.0356 -0.0778** 0.0415 0.043
F-1(E<0,) -0.7962*** 0.1485 0.1355 -0.7247*** 0.1608 0.1482
F-10:<E<0,) -0.2123* 0.1497 0.1331 -0.1528 0.1736 0.1566
F-1(0.<E<03)  0.9132*** 0.1580 0.1693
F-1(E>05) 1.7022%** 0.2070 0.2214
01 4.9207 4.9066
0, 10.9944
03 30.4921

Source China Statistical Yearbook on Science and Techiypl®§91 to 2007, an€hina Statistical
Yearbook;1991 to 2007.

Notes: (i)  * Significant at 10%; ** significant at 594;* significant at 1%.
(i) # Coefficient of F-I(E#,).
(i) The observations of the eastern areasraefiicient for threshold regression.

The first explanatory factor discussed here isitheraction term of FDI and the indicated human
capital threshold. For all regions and regressieitis various dependent variables, if human capital
represented by the percentage of labour force ribaived higher education, is below the first
threshold of 4.9 per cent, the effects of FDI ochtelogical progress are significantly negative and
the FDI spillover coefficient is between -1.325 a@dl05. This indicates the strong negative effect

of FDI when human capital is low. There are sdvwerasons for this phenomenon.

= New substituted goods produced by foreign affisatdraw demand away from their local
counterparts, and host firms are unable to imitiaerelatively advanced foreign products because
of the poor quality of human capital. Aitken and rison (1999) refer to this effect as
“market-stealing”. In the case of China, Buckldyaé (2006) recognize that the capabilities of
some local firms are insufficient to enable thenabsorb the externally-generated knowledge from
FDI, thus restricting spillover effects. Theories Nelson and Phelps (1966) also suggest that

human capital stock in host developing countriestd their absorptive capability.
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= As wages of foreign firms are usually higher thanse of domestic ones, brain-drain occurs,
worsening knowledge creation in domestic firms.eHahd Long (2006a) state that the presence of
FDI is associated with larger differences in wages the quality of skilled workers, and the
presence of FDI is negatively associated with thdgpmance of State-owned enterprises because
they do not have flexible wage and personnel pesicio attract talent. R&D laboratories of
transnational corporations (TNCs) can also exanegative impact by drawing talent away from

indigenous ones (Zhou, 2005).

= Foreign firms in host developing countries do nay pnuch attention to R&D. They are more
concerned with markets and human and natural ressutJNCTAD (2007) argues that TNCs are
more interested in extractive industries, as theghwo gain direct control over the mineral
resources required as inputs for their manufaaguand infrastructure-related industries. Ali and
Guo (2005) point out that China’s large potentiarket size and cheap labour are the two important
factors that influence the decisions of TNCs teestin China. In turn, R&D foreign affiliates are
uncommon in developing countries. According to UnDTdata (2005), only 1.02 per cent R&D
foreign affiliates are located in developing coiggr Even in technology-intensive foreign
affiliates, most domestic intellectuals hired byeign investors are usually engaged in marketing or

technical services, instead of research.

= Foreign firms prevent their core technologies frieaking out to host countries. Such efforts could
become more effective when the host absorptiveadtiigsfor advanced technology are low. Zhou
(2005) reports that TNCs do not focus on patentavimid disclosure of technology know-how.
Besides, most of their R&D laboratories in China aholly foreign owned in order to better protect
their intellectual property rights. A survey uniddéen by the Chinese Academy of Social Sciences
shows that 77 per cent of the foreign enterprisagenformally cooperated with Chinese R&D

laboratories, and 79 per cent do not have anytioteto do so in this regard.

Subsequently, if the quality of human capital isheen 4.9 per cent and 10.99 per cent, the negative
coefficients of FDI interaction, in the regressiaig FPNTandTFPNRM,will be halved or quartered,

respectively, in absolute terms. FAALMCRS when it ranges from 4.9 per cent to 9.16 per,cent
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neither negative nor positive effects are signiftta caused by the presence of FDI. Therefore,

negative effects of FDI are alleviated when thdigguaf human capital increases.

Finally, if human capital surpasses 10.99 per centerms of the percentage of workforce that
received higher education - in the regressionBRENRMandTFPNT -or is above 9.16 per cent - in
the regression oMALMCRS the spillover effects of FDI on technological gress become

significantly positive. (Henceforth this threshaddreferred to as the sign-change threshold).

The sign change of the coefficients shows verynsgfrevidence of the existence of human capital
thresholds with regard to the absorption of FDhtestogy spillovers. Borensztein et al. (1998) and
Xu (2000) also find sign-change thresholds in tiseudies. The ideas presented by Grilliches (1979)
could help to understand this change. Grillichesists that the purchase of foreign high-technology
goods cannot be considered as real knowledge #pilo He claims that true spillovers are ideas
borrowed by research teams. Thus, the changeeindéfficient sign is similar to the change from
goods purchased, to product imitations, or indepahthnovations. As the quality of human capital
increases and exceeds the sign-change threshahgstio firms can learn from these foreign goods by
employing reverse engineering, and benefit fromithigation and thus improve their ability to resist

“market -stealing” and brain drain.

Another way the sign-change can be explained @utiir spillover channels. When qualified human
capital is scarce, limited positive technology lsprs may occur via demonstration or contagion
effects yielded by foreign entrants, but not thtowgmpetitive effects (Buckley et al., 2006). To

overcome the negative effects of FDI, a develogiogntry should not only depend on demonstration
or contagion effects, but also on positive competiteffects which can transfer more advanced
technology. Foreign capital intensifies market pefition in host countries and forces indigenous
firms to become more efficient (Kokko, 1994). Catifive pressures thus have a twofold effect on
their domestic counterparts. However, the outcoere lsuggests that the quality of human capital is

one of the crucial factors that turns competitiffeas from negative to positive.
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The third threshold of 30 per cent is significarthen the dependent variables &EPNRM or
MALMCRS In this case, the positive spillover coefficerif FDI almost doubled when this
threshold was reached, demonstrating a pronouno@eéase in imitation or innovation capacities

when the quality of human capital increases.

For the mid-western areas and in the regressia-BNRM when human capital is below the single
threshold of 4.9 per cent, negative effects armiignt, which is similar for all regions. Howaye
when human capital exceeds 4.9 per cent, the wegaffiects decrease, albeit insignificantly, and no
significant sign-change threshold appears in midter® areas. These differences suggest that the
technological progress trajectory of these areasldtbe distinguished from that of the easternsarea
of China. As the threshold estimates in the resjoasof TFPNRMare close to those FPNT, and
becaus@ FPNRMhas the best characteristics, as shown in talileefpllowing is based on estimates

of TFPNRM

5.2. The realities about who satisfies these thiteslds

Turning now to another feature of threshold studreamely, finding facts about who satisfies the
estimated thresholds, table 10 presents the hurapitat statistics for the whole country. They
comprise promotion rates and rates of educated famek related to various education levels.
Looking at table 10, it is possible to figure ohetapproximate average years of schooling for that
segment of Chinese workforce educated between 28@82006. The average years of schooling
equals 2.79 per centx0 + 29.53 per centx5 + 37dylcpntx9 + 24.03 per centx12 + 6.64 per
centx15.72 =8.73. The proportion of the workfongthout any education is 2.79 per cent. Here five
years, instead of six, are used to measure thdialuiaf the primary education because of unreported
drop-outs in rural areas. The duration of normadlargraduate education and specialized higher
education are four and three years, respectivalgdaitional three years for a Masters degree and a
further three years for a doctoral degree are reed€aking into account the number of students in
different types of schools, the weighted averageatibn of higher education is 3.72, and the

corresponding average schooling years for peoptereteived higher education is 15.72.
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As reforms in China started in 1978, the populagducated as of that year forms the major part of
current labour force. Thus, 8.73 is the approximaverage number of schooling years of the
workforce. This number is usually higher than siverage number of schooling years for the entire
population because the latter comprises the oldeemtion that was educated prior to 1978, and

received little education, on averdde.

Table 10. Human capital in China: Average promotia rate and rates of educated

workforce
Promotion rate Percentage Rates of educated Percentage
workforce
Net enrolment. rate of 97 21 Workfo'rce with no 279
school-age children education
Primary school graduates ,
entering junior secondary 69.63 Wprkforce Wlth_only 29.53
primary education
schools
Junior secondary graduates L
entering senior secondary 45.31 Workforce W.'th junior 37.01
secondary diploma
schools
Senior secondary graduates , :
entering institutions of higher 21.65 Workforce W.'th senior 24.03
. secondary diploma
learning
_ _ Workforce with higher 6.64

educational diploma
Source China Statistical Yearbookl991 to 2007, an€hina Compendium of Statistjcs
1949-2004.
Notes (i) Data sources ai€hina Statistical Yearboo&nd all values averaged from 1978 to
2006.

(i) Promotion rate is calculated with graduatestéad of entrants to elimina
drop-outs.

(i) Senior secondary education comprises regséanor secondary education, regular
specialized secondary education, technical edutatind vocational senior
secondary education because the purpose here $oamsehe workforce with
different educational level. Thus the rate of sesecondary graduates entering
institutions of higher learning is lower than th@mission rate provided i@hina
Statistical Yearbooksyhich only considers regular senior secondary wupmsab.

1 For example, entrants to tertiary schools wer@0d®jn 1952, and this number amounts to 5,461,0@D0D6. According
to World Bank data, the average number of schoojiears of Chinese population over age 15, includhmy dider
generation, was 6.36 in 2000.
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As Borensztein et al. (1998) and Xu (2000) setrtht@iesholds in terms of average years of male
secondary school attainment for population overZigehe sign-change threshold of 10.99 per cent is
calculated on these terms - based on table 10,bandmes 3.42 - in terms of average years of
secondary school attainment in workfoléeThis means that, on average, the workforce should
comprise at least junior secondary graduates faitipe FDI technology spillovers to occur.
Thresholds by Borensztein et al. and Xu are sé€t.&3 and 1.9, respectively. However, it is not
appropriate to state that the thresholds - actibeur force - set in this paper are higher thasehay
Borensztein et al., and Xu - male adults, includimg older generation. For technology spillovens, t
active labour force, including female labour, isrmaemportant than that which includes retirees,
because the latter would underestimate the redityue the labour force, especially in rapidly
developing countries, where the educational strectdi the older generation differs totally fromttha

of the new.

To compare the practical quality of human capitadhwhe threshold of 3.42, in terms of secondary
school attainment, the prior secondary schooliryy®f 6 is subtracted from 8.73 resulting in 2.73
years. This indicates that human capital in Chidelow the estimated threshold of 3.42. The
comparison in terms of the percentage of the wockfohat received higher education also reveals the
same result. Table 10 shows that 6.64 per cetiteofvorkforce received higher education; which is
below the threshold of 10.99 per cent. If estimate the model consider FDI directly without
interacting with human capital thresholds, the @ffeof FDI on technological progress are negative,

which coincides with the fact that human capitddetow the sign-change threshold.

For comparative purposes, the corresponding thigstso given in terms of secondary school
attainment - term not considered better than higitkrcation - as a measurement related to the
absorptive capacity vis-a-vis FDI technology spidics.  In reality, as China maintains a compulsory
nine-year education policy - six years in primach@l and three in junior secondary school - it is

easy for the average years of secondary educatiaath three, which exceeds the threshold, albeit,

12 Calculated by: 2.79 per centx0 + 29.53 per cent83.81 per centx9 + 24.03 per centx12 + 10.99 @erxd5.72 = 9.42,
and 9.42 — 6 = 3.42.

34



as long as the policy is maintained. The segmétiteolabour force that received tertiary education
excluding those that only received secondary edhrcgplays a more important role in the absorption
of FDI technology spillovers. If spillover effecase judged in accordance with secondary education
thresholds, or even junior secondary educatiomjteesould be plausible. In the past, the majavity
the labour force only received primary or secondaducation, as a result low-technology
manufacturing flourished. Furthermore, the effemsised by the lack of qualified human capital
have already undermined the independent innovatagpacity of the country. For this reason, the

proportion of labour force that received highereation is used as the threshold variable in thpepa

Although China as a whole does not satisfy the-slgange threshold, a few regions meet this
minimum level of human capital. Table 11 shows pleecentages of provinces in the three regimes
segmented by the two thresholds estimated WiRRNRM  Prior to 1998, most regions were below

the first threshold of 4.92 per cent, and majoe@f of FDI on technological progress were negative
Since 1999, human capital in most provinces haseded the first threshold. More importantly, one

can see that the percentage of provinces abovesigmechange threshold of 10.99 per cent is
increasing with time. In 2006, 41.38 per cent ofif@éke provinces exceeded this threshold and

benefited from positive technology spillovers fréiDl.

Table 11 also partially explains why direct investrn effects of FDI prevail in China, while the
indirect effects of FDI-induced productivity growith China are low. Prior to 2002, the percentage of
provinces above the sign-change threshold of 10e9%ent was below 20 per cent. This limits the
positive effects of FDI technology spillovers anapiies that the positive effects were geographjicall
localized. However, prospects appear to be prowpias this percentage has increased dramatically

since 2004.
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Table 11. Percentage of provinces in the three rimges segmented by thresholds

Year E <4.92 per cent 4.92 per cent 10.99 per cent 10.99 per cent
<E<10.99 per cent <E <E(Mid-west)
1990 75.87 13.79 10.34 0
1991 72.42 17.24 10.34 0
1992 72.42 17.24 10.34 0
1993 65.52 24.14 10.34 0
1994 65.52 24.14 10.34 0
1995 62.07 27.59 10.34 0
1996 58.63 31.03 10.34 0
1997 58.63 31.03 10.34 0
1998 51.73 34.48 13.79 0
1999 44.83 37.93 17.24 5.56
2000 41.38 41.38 17.24 5.56
2001 34.48 48.28 17.24 5.56
2002 20.69 51.72 27.59 22.22
2003 13.79 58.62 27.59 22.22
2004 13.80 51.72 34.48 27.78
2005 3.45 58.62 37.93 33.33
2006 0 58.62 41.38 38.89

SourcesChina Statistical Yearbool991-2007, an@hina Statistical Yearbook on Science and

Technology1991-2007.
Notes (i) E is the human capital represented by thie i@ labour force that received higher
education.
(ii) The last column reflects the mid-westareas; other columns are of all regions.

Regional inequalities in human capital are cleddynonstrated in table 11. In the mid-western areas,
the percentage of provinces above the sign-chdmgshold is relatively lower than that of all reggo
Prior to 1999, in the mid-western areas, the péacgnwas 0 per cent, which completely denies the
possibility of positive FDI technology spilloversDuring recent years, the human capital quality
level has increased. The percentage of provinoegeathe threshold in the mid-western areas shows
a tendency to equal that of all regions. In 20@5883 per cent of mid-western provinces exceeded the

sign-change threshold.

Finally, a brief description is provided on the qantages of the workforce that received higher
education in other countries. According to WorldnR data, in 1997, this figure stood at 25.23 per
cent in high-income OECD countries, 30.9 per cantapan, 23.2 per cent in Germany, and 23.3 per

cent in United Kingdom. It was 13 per cent in Pdlag001; 12 per cent in Sri Lanka, 2000, 6.9 per
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cent in Brazil, 1999; 1 per cent in Ethiopia, 1988¢d 3 per cent in Guinea, 1998. It is true thatewh

most developed countries are above the threshollD®&9 per cent, some developing countries are
still below this threshold. However, this does n@an that human capital-scarce developing countries
cannot benefit from foreign technology spillovarginly because regional inequalities have yet to be

considered.

5.3. Interregional technology spillovers as the coplement of international spillovers

As already known, some regions are below the digmge threshold. Thus the only unanswered
guestion is whether these regions benefit fromigoréechnology spillovers or not. The answer is
provided by the estimated coefficientsRIDO, the sum of other regions’ R&D capital stock. dible 9,

the significant coefficient oRDO suggests that the currently studied region adtgthnologies
transferred from other regions. One finds thatredions as well as the mid-western areas benefit
significantly from interregional technology spillers. In addition, the coefficient of mid-western
areas is 0.1442 - much larger than that of allamgi which is 0.1297. It is known that even if
interacted with human capital, the coefficient &fl fEechnology spillovers is negative, or insignait,

for the mid-western areas, which means that iiffecdlt for the mid-western areas to directly abdiso
foreign technology spillovers because of the lowalidy of human capital. In contrast, since domestic
technologies are more appropriate for recipientioregyy than foreign ones and interregional
technological distances are smaller than the iatenal ones, interregional spillovers occur, and
technologies transferred interregionally comprigd Eechnologies that have been absorbed by the
advanced regions where human capital has exced@edsign-change threshold. The higher the
interregional spillover coefficient of backward ase the greater the benefits derived from
interregional technology spillovers. By comparthg coefficients oRDO and FDI, one finds that if
the quality of human capital is low, intra-natiorkadowledge spillovers become a more important
source for technological progress than internati@pélovers. This result is the same as that of
Branstetter (2001), and is also in line with therapriate technology theories proposed by Basu and

Weil (1996) and Eicher (1999).
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5.4. Other explanations for technological progress

In table 8, the coefficient of the local R&D stoik significantly positive when regressed with
MALMCRS However, in other regressions, the same coeffisi are not significant. This result
indicates that independent R&D is relevant to ldeahnological progress, but has more complicated

implications.

= R&D has two sides. In addition to the conventiomdé of independent innovation, it enhances the
absorptive capacity for technology spillovers (@fifet al., 2004). Thus, effects of R&D partially

comprise international and intra-national technyplspillovers.

= R&D not only changes TFP directly, it also impaetonomic growth, reflected by the effects of
input factors, that is, capital and labour. Zhéh@P9) argues that TFP, measured as the residual of
the production function, only represents technaalgiprogress, which it is not reflected by the
effects of input factors. R&D improves the qualdf labour and capital stock, which is already
reflected in the inputs, but not reflected in TFFherefore, regressions depending on TFP will
probably underestimate the contribution of R&D. Sltiownward bias may be more serious for

China as physical inputs play a key role in ecomgonogress.

= The coefficient of R&D labour is insignificant ifl aegressions, indicating that the R&D labour
force does not affect technological progress sicgmiftly. This result contradicts hypothesis 1.
One reason for this is that the R&D labour forcalieady partially represented by R&D capital
stock. Given that applied technology developmestially needs sufficient R&D capital
investment, without support of the latter, the R&dbour force can only engage in paper-based
research, which cannot increase productivity ihatstime. TFP does not reflect the technologies
in pure theoretical fields, but represents the tetdgies in applications. Another explanation is
the broken link between research institutes anddtichl production. As most R&D activities in

China belong to the public sector (Yao and Zhaf§12, this makes it even worse.
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Estimated TFP, here, comprises many factors: inraovdased technological progress, imitation-led
technological progress, institutional change, afficy change and omitted variables. Infrastructure
provides goods or services that are crucial for dfigciency, competitiveness and growth of
production (UNCTAD, 2008). For instance, betteansport conditions can save costs and time,
connect more enterprises along the production ¢hed intensify geographic competition more
extensively. Thus, infrastructure is important fideP growth, with respect to efficiency change,

resource allocation and competitive pressure.

There is significant evidence for this conclusi®he coefficients of infrastructure are relativedyde

and significant in all regressions, which are bydtian the coefficients of R&D capital stock and R&
labour force. This result reveals a crucial featof Chinese development. As China is a big
country and transportation costs are the key factmsidered by most investors, most local
governments pay attention to the construction dblipuinfrastructure to attract investments. In
addition to attracting investment, public infrasture can also solve problems caused by unequal
distribution of natural and human resources. Tioeee empirical results support the policy of
infrastructure construction. The studies of Fwalet(2004) and Démurger (2001) also highlight the
role of public infrastructure for China. It is &uhat most Chinese local governments invest more i
infrastructure than in R&D. Therefore, as publtifrastructure develops further over time, the golic

should be adjusted to ensure greater innovativent#ogical progress.

Comparing the regression of all regions with tifahe mid-western areas in table 9, the infrastmect
coefficient is larger in all regions than that metmid-western areas. Metcalfe’'s (1995) law may
explain this phenomenon. Metcalfe states thavéhee of a communication network is proportional
to the size of the network, squared. Thus infuastre will be more valuable in developed regions
than in less developed regions. This means that-western areas should invest more in
infrastructure in order to receive increasing me$ur Other distinguished characteristics of
mid-western areas, such as insignificant sign-chatigeshold, the negative coefficient of FDI
technology spillovers and the large coefficientiatierregional technology spillovers, imply that
mid-western areas should focus on interregionahrtelogy spillovers as well as on increasing
investment in infrastructure investment to enhaechnological progress.
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The coefficients of market reforms - another ingitnal variable - are insignificant in table 8,dan
significantly negative in table 9. This result do®t coincide with hypothesis 3. To understans, thi
one needs to focus on the relationship betweenehagkorms the productivity growth. The former
affects the latter through the introduction of @as types of ownership, market competition, market
mechanism of resource allocation and decentradzaif economy (Zheng, 2005). According to this
perspective, marketization mainly concentrates fliniency improvement instead of pure technical
progress. However, figure 2, which illustratesttipaoductivity growth is dependent more on
technical progress than efficiency. Thus, effickeimproved by marketization is not a major part of

productivity growth. Hence, the link is broken.

Furthermore, with regard to pure technological pesg, as imitation of foreign advanced technology
is the key source for such progress (Jones andnRAf#08), the effects of pure technological pregre
are mainly captured by openness instead of madtaiz This is the reason for the positive and
large coefficients of FDI interaction term when hramctapital is high, in contrast to the insignifican
negative ones of marketization. Zhang (2001) ptsats out that market reforms do not play a direct

and significant role in provincial growth.

6. Conclusions

Different perspectives relate to technology sp#éioeffects of FDI. Some authors argue that these
effects are positive, while others insist that tleg insignificant or even negative. The human
capital threshold analysis of the absorptive cdpadgs-a-vis FDI technology spillovers probably
provides solutions for assimilating these discrees  Unlike existing studies on thresholds, is th
paper, the proportion of the labour force that inesmk higher education is used to represent human
capital, and the thresholds are generated endoglnasing the threshold regression, as suggested by

Hansen (1996, 1999). The major empirical findingths paper are as follows:
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First, three thresholds are found for human capi@inely, 4.92 per cent, 10.99 per cent and 3Q.5 pe
cent. When the percentage of the labour force tbegived higher education is below the first
threshold, the external effects of FDI on technmalgprogress are significantly negative, indicgtin
that the major effects of FDI are negative. WHenduality of human capital in a region exceeds the
first threshold, although the sign of negative @iomints does not change, the absolute magnitude
decreases significantly, suggesting an alleviatibnegative effects. The most important threshold,
however, is the sign-change threshold of 10.99cpat. When this threshold is crossed, the region
enjoys positive FDI technology spillover effectddowever, even more positive effects will occur if

the third threshold of 30.5 per cent is reached.

By comparing the human capital level with the sipange threshold, one finds that the
disproportionate growth rate of productivity, innt@st with the fast economic growth of China, is
partially caused by the low absorptive capacithwinan capital. The inequality in TFP growth rates
between the eastern and mid-western areas aréndlsced by the uneven geographic distribution of
human capital. An international comparison shoWwat tmost developed countries exceed the

threshold of 10.99 per cent, while some developmgntries are still below this threshold.

The policy implications of this threshold are emgihad. It highlights the importance of human
capital for the absorption of FDI technology spibos and proposes the achievement of clear human
capital targets for developing countries. It ghsovides a primary threshold to mitigate the negati
effects of FDI, a sign-change threshold to overctimenegative effects and an additional threshwld t

further increase the positive effects.

Based on the threshold effects of human capita,phper explains the regional inequalities in grow
rates, sheds light on the interregional or inteomatl variety in FDI technology spillovers, and
reconciles several findings of single country stsdifor example, the positive technology spillover
effects in advanced countries (Caves, 1974; Gloaeym979), and the insignificant or negative
effects in less developed countries (Haddad andiddar, 1993; Aitken and Harrison, 1999). Since
human capital is geographically unevenly distridute China, the eastern areas with abundant human
capital should focus on advanced foreign technekgind facilitate the process of FDI technology
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transfer, while the mid-western areas should payenattention to intra-national technology transfer

and increase human capital in order to attractdtDa larger scale.

Second, the sign-change threshold of 10.99 per, esnti percentage of labour force that received
higher education, corresponds to 3.42, in termevefage years of secondary school attainment by the
workforce. This somewhat compares with the esthahresholds of Borensztein et al. (1998) and
Xu (2000), which are 0.83 and 1.9, respectivelyenms of secondary school attainment of male adult
in population over age 25. The thresholds heréegrims of proportion of labour force that received
higher education, are more practical and are e&siexplain than those based on average years of
secondary school attainment, simply because adddioceign technologies are usually absorbed by
highly-qualified human capital. Moreover, focusioig this aspect of human capital, reduces the risk
of policy being misled. Further, the new index goises only effective labour force and not adults
over 25, and retirees who received little educatiohhus, the downward bias induced by the latter
can be avoided. Besides, the new index only cersitértiary education, making such calculations

easy.

Third, the higher threshold does not deny the pdggi of FDI technology spillovers in countries
where the quality of human capital is below thensipange threshold. As China is a developing
country with significant regional disparities, somegions exceed the sign-change threshold and
benefit from positive spillovers of FDI, whereashert relatively backward regions are below this
threshold. In backward areas, the coefficient of ieraction term is negative, but the coefficieht
the sum of R&D capital stock of other regions isifige and higher than that of advanced areas.
This suggests that in backward areas, interregispdlovers substitute for international spillovers

with regard to external causes of technologicafpss.
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In line with the above concepts, advanced foreaphmology should first be absorbed by advanced
areas and then transferred to less advanced aréhs. findings on both positive FDI technology

spillovers in advanced regions and significantrigtgional technology transfers encourage efforts of
those countries where thresholds are below thedignge as a whole and where regional disparities
exist. In addition, the percentage of regions mn@ above the sign-change threshold has been

increasing in recent years.

Finally, while economic growth in China in the pass capital-driven, it is currently changing to
becoming more technology-driven, which is more intgat for sustainable development of China.
FDI technology and interregional spillovers plakey role at this stage. Besides these externadrfgct
internal causes, such as R&D capital stock andipifdrastructure, also have significantly positive
effects on technological progress. Infrastructtmestruction appears to have the Metcalfe effect,
which suggests increasing returns, thus makingstfucture construction in developed areas more
effective. As regards transportation costs, antirah and human resource disparities in China,
infrastructure construction is an important wayderrease such costs and disparities. On the other
hand, once public infrastructure becomes saturait@@rest in public construction should be

transferred to indigenous R&D investment to engunevative technology-driven progress.

As industry-specific provincial FDI data, indusspecific capital stock and balanced provincial FDI
data with source countries are not available ctigreRDI technology spillovers and their human
capital threshold effects related to specific indas and source countries are not consideredisn th

paper. These fields are, nevertheless, importarftifure study.
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Appendix A. The likelihood ratio diagram and confidence interval: MALMCRS

Figure A.1 For threshold 4.91 per cent and all regins Figure A.2 For threshold 9.16 peent and all regions
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Appendix B. The likelihood ratio diagram and confidence interval: TFPNT

Figure B.1 For threshold 4.91 per cent and all regins Figure B.2 For threshold 10.99 peent and all regions
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