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1. Introduction

Since the introduction of the economic reform pplic the late 1970s, China has
undergone a continuous and spectacular economievtlyrgprocess. China’s
impressive economic take-off has been also accoieghdny the rapid expansion of its
foreign trade and foreign capital inflows. AlongtlwiChina’s economic rise, it has
become an important topic of interest to invesagae advantages of being a “global
player”. Generally speaking, academics and poliakens perceive long-term foreign
investment and export activity as the key drivekeeconomic growth in emerging
market economies (EMEs). On the one hand, in dagutace economies, foreign
direct investment (FDI) and trade represent arceffe way to accumulate capital and
create employment opportunities. On the other h#mal,affiliates of multinational
companies in emerging economies are generally faanide more productive and
more integrated in international production netvgoitkan their domestic counterparts
(Du et al.2011). In the course of time, advanced technololgiesaght by MNCs can
potentially diffuse to the local economy througtrioas channels such as imitation-
demonstration and contagion effects, competitiofioogign firms, training of local

employees, backward and forward linkages and ttade.

Despite this general belief in the benefits of op=s, the empirical literature has —
surprisingly — reported mixed evidence on the exis¢ of positive spillovers via FDI
and foreign trade in emerging economies (Aitken &fadrison 1999, Haddad and
Harrison 1993). For instance, from a microecongpeinit of view, fierce competition
arising from the entry of MNCs is a detrimentaltéacwhich could potentially crowd
out the less efficient domestic firms (Kokko 199@\loreover, the entry of
multinational companies, which typically pay a wagemium, may bring about
increasing labour costs for domestic firms in cofitipe markets. As for productivity
spillovers generated by openness to trade and &mpirical studies highlight that
their occurrence is not automatic and it is esaéiyptconditioned on host country’s
innovation and absorptive capabilities. True, adatechnology gap between local
and foreign firms can indicate a big “catch-up” quatal; however, it can also hint at

the poor absorptive capabilities of the local pargn(Blomstrom and Sjoholm 1999).

% We present a short literature overview dealindhwiite various transmission channels of technology
diffusion by MNCs in the appendix (see Box A.1).



The availability of adequate human capital (Xu 20B0Orenszteinet al1998) and
basic infrastructure facilities (Blomstrom and Wd®94) are found to be crucial in

fostering the absorption of advanced technolog@a® MNCs.

Taking up these research questions, in this papanwvestigate empirically the trade-
FDI and productivity nexus for 30 Chinese provinogsr the period 1979-2006. We
believe that China’'s emergence as a major globahg@aover the last three decades
illustrates a perfect case study. Prior to 19749n& was an isolated economy where
foreign trade and FDI were virtually nonexistenince® 1979, the country has
progressively moved away from being an autarchicnemy towards a market-
oriented one. China’s opening up to the world camheng with very fast and
sustainable economic growth. Over the last few gygahina’s current economic
growth model has been largely criticized for bemmgsustainable because of its
excessive reliance on factor accumulation. Yetopating to neoclassical theory, only
productivity-driven economic growth is sustainalslehe long run. On that account,
understanding the main dynamics behind China’s @oonrise is very crucial. We
consider that China portrays a unique observatishaly to explore the long-term
relationship between openness to the world andyatodty increase in emerging

economies.

China is a very large country, characterized byertogfeneous space and striking
economic disparities between regions and betweleanuand rural areas. In addition,
China’s internal economic geography has been greatluenced by the political

reforms, globalization and trade liberalization iotge past decades (Fujita and Hu,
2001). Yet, recent regional productivity analysesChina (e.g., Jiang 2011, Yang
and Lahr 2010) generally fail to exploit the distime characteristics of geographical
data. By considering each region as an isolated iaddpendent identity, they
overlook regional dynamics, agglomeration and prowi effects. It has been widely
asserted by regional scientists, however, thatriggospatial effects introduced by
cross-sectional information could generate sernisspecification problems and lead

to questionable parameter estimates and statigtiemences (Abreet al 2005).

Over the last decade, an increasing number ofestigtarted to incorporate the spatial
dimension to analyse mainstream questions in iatemmal economics. To hame only
a few, Coughlin and Segev (2000) and Blonigeal. (2007) highlight the importance

of agglomeration economies in FDI location decisioaspectively in China and in



the OECD countries, In the same way, Ozyurt andnizd2011) find strong spatial
spillovers arising from export performances of micegions in Brazil. Keller and
Shuie (2007) investigate the expansion of interereg trade networks in China
trough spatial explanatory data analysis and detmgtificant spatial interactions
among provinces. Ying (2003) conducts a spatialyaigaon Chinese output growth
and reveals that previous studies which ignorei@pd¢pendence generate unreliable
results due to misspecification issues. Yet, ttegsdial econometric applications are
essentially confined to the cross-sectional dim@msand the integration of time
dimension to spatial econometric analysis mostipaies a challenge ahead for

researchers.

This study aims at improving our understanding tté tlynamics behind China’s
productivity performance over the last three desadad extends on the above
mentioned literature by using the novel concepglobal cointegration that allows
assessing the role played by spatial spillovercesfén a dynamic space-time data
setting. To the best of our knowledge, this worthisfirst to investigate the impact of
openness on productivity from a spatio-temporakpective which combines long-
and short-run information. We strongly believe ttia simultaneous inclusion of the
space-time dimension in a unified cointegration ellimg scheme generates a wealth

of information that could be used to draw furtheliqy recommendations.

The remainder of the paper proceeds as followstidde@ sketches our empirical
modelling strategy based on the global cointegnagioproach. Section 3 discusses the
underlying data and presents some stylized factCluhese regional economic
development. The empirical findings are presentad iaterpreted in Section 4 and
Section 5 concludes the paper.

* Non-spatial panel data approaches to assess lthefrinter-regional output and FDI spillovers are,
for instance, conducted by Groenewold et al. (20BY)using a VAR technique the authors show that
coastal regions are a source of strong spillovieces to the central and western regions.



2. Empirical Modelling Framework

In this section, we take up the arguments raiseovalto set up a modelling
framework which allows an empirical assessmenhefrble played by trade and FDI
on economic growth. Besides modelling the direcpants, we also put special
attention to the role played by spatial spilloveroutput determination. Moreover,
we try to dismantle the different long- and sham-influencing factors in a dynamic

modelling approach.

A common point of departure in the literature isstart from a stylized regional
production function to model the transmission clesifrom trade and FDI activity to
economic growth (see also Edwards 1998). A spwgtietended version is, for
instance, presented in Ertur and Koch (2007). Ayfajeneral stylized model can be

written as

(1) Y, = A K] Kﬂtj Zﬁ Dﬂﬂznﬁ."{ D]]]]NZﬁ Dﬂﬂ?ﬁmt, k T[‘r

where Y;; denotes the output measure of regioat timet. The cross-sectional
dimension is specified as1,...,N and the time dimension ts1,...,T. K andL are
capital and labor inputs, respectively. Variablenhated by “~” indicate weighted
averages of values for spatial proximate neighlsmatial lags). TheZ; to Z,
variables and their associated spatial lags ingliftather private and public inputs in
the production function such as infrastructure pouEnt, human capital endowment
as well as trade and FDI activit4; is the total factor productivity (TFP) of region
which is driven by two effectfBode et al., 2009): One term, which represents the

productivity effects of time-invariant location facs (proxied by fixed effectg) as

well as a second term to measure interregionalymtodty spilloverS(A,t )

The so-called spatial lag term for a variaKlelefined below in eq.(2) is constructed
as a weighted average of values in neighbouringmsegwhere y are the individual

weights taken from a spatial weighting matiW¥. The latter is typically row-

standardized Withzjvvij =1. Alternative empirical operationalizations fov are

discussed in Section 3.
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Besides modelling the particular long-run levebotput as outlined in eq.(1), we are
further interested in tracking the short-run growgarformance among Chinese
provinces. This may give additional insights widspect to the dynamic adjustment
processes taking place within and between regMesdo so by using a cointegration
approach, which allows simultaneously modellingekationship among variables in
levels and growth rates (see Engle and Granger)198i2 main advantage of the
cointegration approach to economic analysis is thavoids the risk of running a
spurious regression, even if the underlying vadaladre non stationary and integrated

of orderl(1) or higher.

A necessary condition for cointegration analysithat the variables in focus co-move

over time. Hence, if the error tenny for a (log-linear) regression of, =Ax, +y, is

stationary and integrated of ordéd), then the two variablesandx are said to form

a stable cointegration relationship. Using the imfation contained i, =y, —AX,

we can then extend the long-run cointegration sego@ to a dynamic Error

Correction Model (ECM) of the formdy,, =gy, , + PAX, + g . The latter equation

describes the dynamic adjustment process of theerdimt variable in first-

differences (defined for a log-transformed variatdely, , =[y, — y,_,]) towards its

long-run equilibrium, wherggandb are the regression coefficients for the short-run

specification.

As recently outlined by Beenstock and Felsensté201@), the concept of
cointegration and error correction can be extendexder to explicitly account for a
spatial dimension by including spatial lags of émelogenous variables and the set of
regressors both in the long-run equation as welhasdynamic ECM. On the one
hand, the resulting Spatial Error Correction Mo(&dECM) allows us to control for
spatial autocorrelation and thus ensures well-bethaivd. residuals. Moreover, the
authors argue that the inclusion of spatial lagy mave important implications for
the existence of a stable cointegration relatignsinnong variables, especially if their
co-movement is not solely driven by the time vaomatwithin each panel observation
(that is for each cross-section separately), bualeo by the between panel variation.
The latter channel assumes, for instance, thaspla¢ial lag for a certain regressor



such as FDI activity in the geographical neighborhes cointegrated with the output

level (y) of theith region in focus.

Therefore, the SpECM concept may encompass threporiamt types of

cointegration: (i) if cointegration only appliesthin spatial units but not between
them, we refer to “local” cointegration. The lattexy the standard concept of
cointegration with respect to (panel) time seriealgsis. (i) “spatial” cointegration

refers to the case in which non-stationary vargbdee cointegrated over time
between spatial units but not within thériii) Finally, if nonstationary spatial panel
data are both cointegrated within and between eesBons over time, we refer to

“global” cointegration.

For the production function approach in eq.(1) weyrthus specify a SpECM of the

following form"

Ay, =c+h +nAY, +17AK, +’73Ak,
3) +’74A|i,t +’75A|~it +’76'Azit +,77lAZ t,
+ﬂuil—1+¢2qt—l+ et,’

and
(@) Uy =¥, —C=f Y, ~ ok ~ Wk ~ Wl Wl ez ¥ %
In eq.(3) and eq.(4), we introduce the vedas z=( z,..., Zv); 7,,..../], are the

coefficients of the first differenced variables daheir spatial lags)g and @ are the

coefficients of fromu,, and (;, as the (spatially weighted) residuals from thegton

term relationships of the system in eq.(¢).and @ can be interpreted as error
correction coefficients, which drive the systemiit® long-run equilibrium state.
Global error correction arises if the coefficienfsthese EC-terms are non-zero. For
the nested case of “local” error correction we assuhat@g<0. The same holds for
the alternative case of “spatial” error correctiong. The residuals in the dynamic
short-run equatione(;) are assumed to be temporally and spatially uetaied.
Finally one has to note that in the short run, esgressor may affedy differently

from how it affectsy in the long run equation.

® As Beenstock & Felsenstein (2010) point out, iis ttase, the long-term trends in spatial units are
mutually determined and do not depend upon devedopsnwithin spatial units.
® Small letters indicate that the variables aresimmed by logarithms.



Since both eq.(3) and eq.(4) take the form of di@pBurbin model, incorporating
spatial lags of the endogenous and exogenous \esjabn appropriate estimation
strategy is to use maximum likelihood (ML) techrequFor panel data settings, Beer
and Riedl (2009) have recently proposed an ML-egttomfor the spatial Durbin
model in a fixed effects setting, which makes ug$eao(generalized Helmert)
transformation proposed by Lee and Yu (2010) ireotd eliminate the fixed effects

(+) from the regression equatiohhe authors show by means of a Monte Carlo

simulation experiment that this SDM-ML estimatorshsatisfactory small-sample

properties. We apply this estimator in the follogrin

3. Data and Stylized Facts

3.1. Data
In the empirical analysis of productivity, we usepanel data set of 30 Chinese
provinces over the period 1979-2008he underlying data are originated from
various issues of the China Statistical Yearboot alh nominal values are deflated
by using region-specific retail price indexes. lie following regression analyses, the
dependent variable is labour productivity measurederms of value added per

employeg(lprod).

FDI and trade openness are the main regressorsterest of this study. FDI is
measured by foreign capital actually utilized pempiyee while trade openness
(trade)is defined as the sum of exports and imports aseshf GDP. Capital intensity
(capital) refers to the average level of capital assetepgrioyee. This variable aims
at capturing labour productivity gains stemmingniracapital deepening. In the
theoretical and empirical literature, human capatadl infrastructure development are
found to be very robust determinants of host ecoesnabsorptive capabilities. In
this study, we include two alternative measurehwahan capital;, basic education
(basic edu)which corresponds to the number of primary schqués inhabitant
whereas higher educatidhigh edu)is the share of the population studying at the
institutions of higher education. Intuitively, wexpect the diffusion of advanced

" The standard time mean operator cannot be usgghiial model settings since the disturbanceseof th
model would be serially correlated over time (see Bnd Yu, 2010).
8 Tibet is excluded from the panel data set dueata dnavailability.



technologies to be determined by the availabilityaohighly educated workforce
while basic education could be linked to produtgivin manufacturing sector (which
generally has lower value added content). We meaglnysical infrastructure
facilities (infra) by the combined length of highways and railwayer (p0O000 square
km of provincial area). The variabkateis the share of the state sector in total
employment and it controls for potential inefficoges arising from the oversized state
sector in some regions. For the empirical estimaaib variables are transformed into

logarithms. Descriptive statistics of the varialdes given in Table 1.

<<< Table 1 about here >>>

In order to estimate the SpECM model outlined ictise 2, we also need an
empirical approximation of the underlying spatifdusture. The spatial weighting
matrix (W) provides the structure of the assumed spatiatiogiships and captures the
strength of potential spatial interactions betwebgservations. The determination of
an accurate spatial weights matrix is a fundamestégd in spatial data analysis. In the

literature, spatial weights can be defined in a benof alternative ways:

» Simple contiguity matrix: It is a binary matrix is based on the adjacency of
location of observations. Pwi;j to express the magnitude of the interaction
between province andj. If two provinces share a common boundary we put
w;=1 andw;=0 otherwise.

e Distance based contiguity:In distance based contiguity matrices, spatial
weights attributed to the observations depend engtographic or Euclidean
distanced; between locationsandj. Distance matrices differ in the functional
form used. Inverse function of distaneg, [=1/d;] or inverse distance raised to
some poweN with [w;; :1/di,-N] are commonly used in the literature.

In this study, we use the row-standardized binanntiguity matrix as default option.
The latter has recently been shown to perform bettéerms of a higher probability
of detecting the true model with lower mean squagedrs of the parameter set
compared to distance based weighting matrices i8takch and Bijmolt 2009). To
check the robustness of our results we alterngtiuek an inverted distance-based

weighting matrix. Before moving to the empiricaltiegtion, we present some



stylized facts on the evolution of openness andlyetvity in Chinese regions over

time.

3.2. Stylized Facts

As pointed out before, China started to receiveifpr capital in 1979 along with the

implementation of the economic reform policies. Heer, the economic transition of

China has been a gradual and spatially uneven ggoBriring the early stages of the
economic reform, FDI flows to China amounted faldw and they were confined to

a few selected regions. Four Special Economic Z¢BEZ) have been established on
the southern part of Guangdong and Fujian provineattract foreign investors by

offering preferential financial and fiscal treatntenn 1984, the SEZ were extended
to further 14 coastal cities and to Hainan Islaind1992, the historical tour of the

Chinese leader Deng Xiaoping to coastal southdrsaemphasized the commitment
to open door policy and started a new era for Csimaegration into the world

economy.

After 1992, a progressive switch from particulaginees to nationwide opening up
policies has emerged. Therefore, the coordinatibrregional development and
reduction of inequalities between inland and cdas&gions became priority
objectives in the Band 9" five-year plans (1991-2000). Since the 1990s,inantis
support has been provided to western and inlantbniegto ensure a more even
distribution of foreign capital. In line with thigitiative, the Western Development
Strategy was launched in 1999 to establish a féerausiness environment in
western China through the development of humartaapiatural resources, transport
and communication infrastructures and so on (Ozynat Guironnet 2011).

Along with the market oriented economic reformstivact long-term foreign capital,
Chinese government also implemented preferentidicips to encourage export
activity (e.g. duty exemptions for imports of intexdiate goods used in export-
oriented production). In addition, China’'s accessimto the WTO in 2001

contributed to reduce trade distortions and reg#drits integration in global markets.
In 2009, China overtook Germany to become worldigést exporter and since mid
2000s it is the second largest recipient of foreityect investment in the world
(following the US).

10



In China, FDI patterns show a great disparity rdigay the distribution between
regions and sectors. Until the last decade, Chieasomic reforms and open door
policy have essentially focused on the developmérbastal regions. That is to say,
preferential treatment of coastal regions broudputud uneven opening up paths and
generated serious income disparities among regiside from preferential policies,
coastal regions in China also enjoy a number ofwtrenhancing structural
advantages such as geographical proximity to iateynal markets, low information
costs, better infrastructural development, supexamess to sea-routes and a relatively
well educated human capital stock. Therefore, dedpe growing share of the inland
regions, today the bulk of FDI inflows and expoctity remain concentrated in
coastal regions (see Figure 1). These internalrissof China in terms of economic
geography already indicates the necessity to tatlceaccount the spatial interactions

to explain the productivity, FDI and Trade dynamics

<<< Figure 1 about here >>>

To analyse this in some greater detail, we drawragpieth maps of labour

productivity and FDI in China for the two sampleripds 1992 and 2006. In the
maps, Chinese provinces are divided into threepgdaased on the amount of FDI
flows they have received. It is obvious from Fig@réo Figure 4 that in China the
regional distribution of labour productivity, FDhd trade exhibit a clear positive
spatial dependence both in 1992 and in 2006. laratlords, we can clearly observe
from the maps that regions with high or low valueserms of labour productivity as

well as FDI and trade intensity are strongly cluesde

<<< Figure 2 to 4 about here >>>

This picture is also confirmed, if we run spatiahghostic tests. In the applied

literature, the most widely used test is Moran'shich can be easily extended to the

11



case of panel data (see Lopez et al., 20IM3ble 2 displays the results of the so-
called space-time Moranis(STMI) for the variables in the dataset. For all variaple
the null hypothesis of spatial independence amohgemations is rejected at
reasonable confidence levels. The test results giues strong evidence for positive
and significant spatial autocorrelation in the skrgeriod from 1979 to 2006 and
hint at the likely advantage of using a spatialkfeeded modelling framework to
correctly identify the linkages between labour protdsity (growth) and the set of
regressors. A graphical presentation for the cdsegional labour productivity is
given in Figure 5. Here, the slope coefficient obiaariate regression approach
including (standardized) labour productivity ansl $spatial lag is equal to the size of
theSTMIlas calculated in Table 2.

<<< Table 2 about here >>>

<<< Figure 5 about here >>>

Given the fairly long time dimension of our datasgthand, we finally aim to
determine the time series properties of the undweglyariables. Table 3 therefore
reports the results of the Im-Pesaran-Shin (20@8)Resaran (2007) panel unit roots
tests'® The results show that for most variables the hyfiothesis of a unit root is
rejected after first differencing the variabfésGenerally, we can conclude that we

have a non-stationary system for estimation and tthe existence of a stable

® In cross-section settings Morari’dor variabley is defined ai;y = N

t=1,2,...,T,where, for a given yedrand spatial lagy: i#, N is the number of regiong, andz, are
normalized vectors obbserved values of the variable at locatibaadj, w; is the element of spatially
weighting matrixW(N x N)corresponding to the observation paandj andS, is a scaling constant
(see Moran, 1948). Moran’s statistic can be interpreted as the statistic oreasf covariance of
observations in nearby provinces relative to theavae of the observations across regions. Forlpane

data setting a simple extension is to define ttecesgime Moran'd (STMI) as STMIy =r. ol

where[ . is an identity matrix of dimensioh

1% The latter approach by Pesaran (2007) has thentabya that it is relatively robust with respect to
cross-sectional dependence in the variable, evitie iiutoregressive parameter is high (see e.tadtal
et al., 2007, as well as de Silva et al., 2009efaensive Monte Carlo simulation evidence).

1 Only for trade openness we get statistical supfmrstationarity in levels, while the Im-Pesaran-
Shin test does not reject the existence of a wut even in the first differences of infrastructure
equipment.

12



cointegration relationship is of vital importanag fhiot running spurious regressions.
We will test for cointegration among the variakflesoughout our estimation exercise,

which will be reported in the next section.

<<< Table 3 about here >>>

4. Empirical Results

4.1. Full sample
The estimation results of the SpECM regression agur according to eq.(3) and
eg.(4) show that most variables and their respedpatial lags turn out significant in
the long- and short-run equatithCapital intensity, trade openness, infrastructure
equipment and the share of institutions of highducation have a statistically
significant coefficient in the long-run equationlsd, most included spatial lags turn
out to be statistically significant. In the shautar only capital intensity, the human
capital variables and their spatial lags, as welh& spatial lag of inward FDI activity
show a non-zero correlation with labour producyigtowth. Moreover, the included
error correction terms appear to be statisticalgniicant and show a negative
coefficient sign indicating that global error carien is at work. This implies that
long-run imbalances in a region’s productivity gtbveaused by disequilibria in the
own region and the neighbor regions are being ctedein each period (see also
Marquez et al., 2010). The result is a first stramgjcation for the existence of long
term interregional spatial externalities.
As shown by the adjustdgf, our approach captures more than 90% of the V@miat
long-run productivity levels among Chinese proveic®Vith respect to the more
volatile short-run dynamics, our structural apptoatill accounts for roughly one-
fourth of the total variation in labour productiwigrowth. We do not get any evidence
for remaining spatial correlation in the residuafithe regression equations as shown
by theZstw values for both types of spatial weighting masia@oreover the residual
based Kao (1999) cointegration test strongly favtre existence of a stable
cointegration relationship among the variables.ofis regression results also show,

the obtained coefficients are quite robust regaydime chosen spatial weighting

12 For regression details see Table A.1 in the apgrend

13



matrix (linear contiguity and inverse distances)beth in terms of statistical

significance as well as coefficient size.

Although the estimation results already give & finglication regarding the statistical
significance of the included variables, one hasdte that the regression coefficients
of the explanatory variables cannot be directlgipteted as elasticities, measuring

the impact of an explanatory variabl@ny in terms ofdy/ 0x. As LeSage and Pace

(2009) point out, unlike the parameters from admeegression model, in models
containing spatial lags of the explanatory or dejeemn variables the interpretation
becomes richer and more complicated given thatadpagression models expand the
information set to include information from neighing observations. In addition, as
recently shown by LeSage and Pace (2010), propatbulated marginal effects for
spatial regression models yield robust resultsspeetive of the chosen spatial
weighting matrix.

The authors thus propose a categorization meastirex@verage direct, indirect and
total effect for each regressor. Thereby, the immdca change in regressarfor
regioni on the endogenous variahjlén i is said to be the regressor’s direct efféct.
Additionally, a change in the regressocan also have an indirect impact ypm i,
which arises from spatial spillovers of changes tive observations for all
neighbouring regiong. The average total impacts are obtained by summmghe
direct and indirect effects and averaging them @leregions. Table 4 reports the
corresponding direct, indirect and total effects dar regional labour productivity,

both in the long- and short run.

13 The only notable difference is the regression ficieht for the spatial lag of infrastructure ineth
long-run equation. Here, both matrices may captlifierent effects: The distance based approach
reports a positive coefficient, which is likely tapture the effect of large infrastructure invesitag
which are mainly undertaken in the coastal regigmsduding the capital Beijing). As Marquez et al.
(2011) have recently shown for the case of Spanggl infrastructure investments (especially in @dpi
regions) may have a strong impact even on peripalerégion, which do not necessarily need to share
a common border with the region, where the infrattire project is installed. On the contrary, the
binary distance matrix reports a statistically figant negative effect, which is likely to captuttee
competitiveness effect of infrastructure investmembng neighbouring regions. That is, a region with
high investments in infrastructure may be able ¢@gh production factors from its geographical
neighbourhood. This effect is better captured bimary contiguity matrix, especially for large
geographical systems such as China.

! Direct effects also include feedback influencest thdse from the impacts passing through the
neighbours and back to the observation itself.
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<<< Table 4 about here >>>

It can be observed from Table 4 that most of theabées exhibit a statistically
significant direct effect in the long-run equatidn.line with the existing literature,
the total effects indicate that human capital arfichstructure development are the key
determinants of labour productivity in Chinese oagi on the long run. The long-run
equation results also give evidence for a sigaficand positive total impact of FDI
and trade openness on productivity. Moreover, tragenness and inward FDI
activity show to be the source of significant salaipillover effects on the growth
performance in neighboring regions. The same h@dshuman capital while -as
expected- the share of state owned enterprises In@gative spatial spillover effect
pointing at inefficiencies introduced by a largatstsectot®

In the short-run, besides direct, indirect andltefeects emanated from both human
capital variables, also inward FDI exhibits postigpatial spillover effects and a
statistically significant positive direct effecth@se results hint at the important role
played by foreign investors in driving the long-rpnoductivity level in Chinese
provinces as well as short-run growth. They are aldine with the findings of Jiang
(2011) and Linet al. (2009) that demonstrate positive productivity spidrs to
Chinese economy arising from internationalizatiotivaty.

4.2. Robustness tests for sub-samples

China’s integration into the world economy was adgal and spatially uneven
process. In order to capture different productipstterns over time, we split our
sample into two sub-periods, namely 1979-1991 af@822006. We therefore

estimate eq.(3) and eq.(4) separately for eachpsubd. The first stage of China’s

integration to the world economy is, above all,relsterized by special regimes and
large disparities in opening up paces between nsgidable 5 shows the estimated
direct, indirect and total effects for the perical 2-1991.

<<< Table 5 about here >>>

5 The low economic performances of the state owredrprises (SOEs) in China has been a big
concern for the government. For a comprehensivéysiseof the SOE reform in China, the interested
reader could refer to Yifat al. (2001).
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The table shows that between 1979 and 1991 therlomdabour productivity in
Chinese regions was mainly determined by inward Fd infrastructure
development. For FDI we find both a positive dirastwell as indirect effects. Trade
openness and human capital mainly exhibit a divatho statistically significant total
effect. In the short-run equation, again FDI andfrastructure are tested to be
statistically significant and of positive sign, Balso the schooling variable shows to
have a strong positive indirect spatial effect be heighbouring regions’ growth
performance, while spatial spillovers from a hidrare of state enterprises in the
geographical neighbourhood are negative. The sawtds Hor short-run effects of
infrastructure equipment, which is found to be Higantly negative. One likely
explanation is that regions with large infrastruetyprojects are able to poach
production capacities from neighbouring regions.

The second stage of China’s integration to the dvedonomy has been above all
marked by a progressive shift from preferentiahtoationwide opening-up strategy.
Table 6 shows that for this period the determinaht&hort- and long-run productivity
development to some extent differ from the firdbsample. Here it can be observed
that capital deepening and the availability of hygbducated workforce are the main
drivers of labour productivity. For this period,asial spillovers are generally less
present compared to the first subsample from 19881

<<< Table 6 about here >>>

5. Conclusion

In this study, we focus on a panel of Chinese proas and investigate the influence
of several key economic and policy related factordabour productivity. We put a
particular focus on analysing the impact of openipgthe economy to international
trade and capital flows on regional productivityolgth). Moreover, by introducing
spatial effects to the model, we aim at drawing l@arer picture of regional
productivity spillovers and agglomeration effecExtending the early empirical
literature on the latter subject, this study repnés one of the first attempts to apply a

combination of the tools from times-series analysisd spatial econometric
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techniques in panel data structure. By using aapmattension to the commonly know
cointegration and error correction modelling apphpawe are able to identify the
long- and short-run driving forces of provinciabtaur productivity in China for the
period 1979-2006. Our empirical outcomes report, tkansistent with economic
theory, human capital, infrastructure developmemd @apital intensity could be
recognised as main determinants of labour proditxtiin addition, FDI and trade
openness also exert a positive impact on prodigtigperformances of Chinese
regions. Especially FDI activity is found to beausce of positive spatial spillovers,
both in the long- as well as short-run perspectiVeereby, FDI effects were
especially found to be of vital importance in thestf phase of Chinese opening up
between 1979 and 1991, thus forming the (welfard #@achnology) basis for
productivity growth driven by national capital deemg in the later period 1992-
2006.

Our empirical results also hint at the fact that tfeographical environment has a
strong influence on the level of labour productivithat is to say, the more a region
is surrounded by high-productive regions with adyadrastructure, a large stock of
human capital and linkages to the world economy, thore its productivity is
expected to be high. This finding has serious gahaplications: Preferential policies
that solely consist of opening up some selectemmsgare not optimal for China. In
order to reap more benefits from foreign presemc@rdinated industrial policies
which reinforce regional complementarities are eeedn addition, the removal of
restrictions to the free movement of productiontdes across regional borders

appears to be crucial to improve productivity level
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Table 1: Descriptive statistics (in logs)

. . , . high basic
Variable [prod  capital fdi trade infra edu edu state
Obs. 840 840 840 840 840 840 840 840

Mean -1.660 -0.570 -2.511 -1.704 1.241 -1.737 -5.206 -1.742
Std. Dev. 0.936 1.485 2.251 5.536 0.784 0.568 0.905 0.542
Min. -5.036 -13.816 -13.816 -13.816 -1.470 -3.130 -6.877 -3.130
Max. 0.711 2.155 1.104 5.582 3.180 3.160 -2.555 -0.545

Notes:All of the variables are explained in log linearrfo

Figure 1: Share of inward FDI, foreign trade in coatal regions in China (1=100%)

oFDI @ Foreign trade

1980 1985 1990 1995 2000 2005
Year

Source:China Statistical Yearbook (2006); Authors' map.

Figure 2: Spatial dispersion of labour productivity in mainland China

(a) 1992 (b) 2006

. 1% Range
. 2" Range
|:| 3" Range

Notes:The F'range designates the highest-valued observatimhs@on.
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Figure 3: Regional distribution of FDI in mainland China
(a) 1992 (b) 2006

Notes:The f'range designates the highest-valued observatimhsa@on.

Figure 4: Regional distribution of trade opennessn mainland China
(a) 1992 (b) 2006

. 1% Range
. 2" Range
|:| 3" Range

Notes:The f'range designates the highest-valued observatimhs@on.
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Table 2: Space-Time Moran’s | statistic for variabkes in dataset, 1979-2006.

STMI Zstwi P-Value
Iprod 0.527 45.89 (0.00)
capital 0.299 26.72 (0.00)
fdi 0.204 17.89 (0.00)
trade 0.324 28.47 (0.00)
infra 0.625 54.36 (0.00)
high edu 0.405 35.19 (0.00)
basic edu 0.440 38.32 (0.00)
state 0.644 56.16 (0.00)

Notes:Results are based on the row-standardized bimantyguiity matrix.

Figure 5: STMI for labour productivity, trade and F DI in China, 1979-2006

(a) Labour productivity

Space-Time Moran's | = 0.527

0
!

W*(log of Productivity)
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!
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Table 3: Panel unit root tests

IPS CADF
Variable WI[t-bar] (P-Value) Z[t-bar] (P-Value)
Levels
lprod 17.80 (0.99) 1.07 (0.86)
capital 10.07 (0.99) 1.91 (0.97)
fdi -1.98** (0.02) -1.189 (0.11)
trade -3.32*** (0.00) -2.39*** (0.00)
infra 24.25 (0.99) 1.87 (0.96)
high edu 12.73 (0.99) 0.81 (0.79)
basic edul 4.80 (0.99) 0.01 (0.50)
state 17.46 (0.99) 1.43 (0.92)
First Differences
Alprod -12.58*** (0.00) -8.37*** (0.00)
Acapital -13.14*** (0.00) -7.06*** (0.00)
Afdi -20.34*** (0.00) -18.37*** (0.00)
Atrade -17.17** (0.00) -11.52*** (0.00)
dinfra 5.33 (0.99) -3.33*** (0.00)
Zhigh edu -7.36*** (0.00) -8.29*** (0.00)
Abasic edu -4.94*** (0.00) -2.01** (0.02)
Astate -4.76*** (0.00) -3.10** (0.00)

Notes:*** ** * denote significance at the 1, 5 and 10@&vel, P-values in brackets. For IPS, the
optimal lag length is chosen according to the Afigfor both panel unit root test states that alleseri
contain a unit rootN=30, T=28
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Table 4: Direct, indirect and total short-run effeds onlprod (1979-2006)

direct indirect total

Long-run
capital 0.0214*** -0.0064 0.0149
fdi 0.0040*** 0.0218*** 0.0259***
trade -0.0063** 0.0501*** 0.0438**
infra 0.1921*** 0.0137 0.2059*
high edu  0.4985*** -0.0475 0.4509***
basicedu -0.0118 0.2608** 0.2489*
state -0.0190 -0.2838*** -0.3029

Short-run
Acapital 0.0187*** 0.0077 0.0265*
Afdi 0.0006 0.0058** 0.0064**
Atrade -0.0004 0.0064 0.0060
Ainfra 0.0113 0.0025 0.0139
Ahigh edu  0.2619*** -0.0942** 0.1676***
Abasic edu 0.1113*** 0.1312%** 0.2425**
Astate 0.0165 0.0206 0.0372

Notes: *** ** * denote significance at the 1, 5 and 1G8vel based on partial derivatives and

parameter simulations as described in LeSage am# P2009). Computations based on binary

contiguity based spatial weighting matrix.
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Table 5: Direct, indirect and total short-run effeds onlprod (1979-1991)

direct indirect total

Long-run
capital 0.0032 -0.0294* -0.0261
fdi 0.0030** 0.0270*** 0.0300***
trade -0.0082*** 0.0241* 0.0159
infra 0.5240*** 0.2485 0.7725**
high edu  0.3111*** -0.1868 0.1242
basic edu -0.2535*** 0.3936** 0.1401
state -0.0361 -0.2228 -0.2590

Short-run
Acapital 0.0138*** -0.0216* -0.0078
Afdi 0.0015 0.0043* 0.0058**
Atrade 0.0044 0.0051 0.0095
Ainfra -0.1048 -1.6116*** -1.7164***
Ahigh edu  0.1110*** -0.1446** -0.0336
Abasic edu 0.1413* 0.8526*** 0.9939***
Astate -0.0665 -0.8449* -0.9114*

Notes: ***, ** * denote significance at the 1, 5 and 10G#vel based on partial derivatives and
parameter simulations as described in LeSage am# P2009). Computations based on binary

contiguity based spatial weighting matrix.
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Table 6: Direct, indirect and total short-run effeds onlprod (1992-2006)

direct indirect total

Long-run
capital 0.2386*** 0.2741*** 0.5127***
fdi -0.0105 -0.0068 -0.0173
trade 0.0833*** -0.0686 0.0147
infra 0.0449* -0.2019* -0.1570*
high edu  0.2322*** -0.0424 0.1898**
basicedu 0.0451 -0.1986 -0.1535
state 0.0154 -0.0980 -0.0826

Short-run
Acapital 0.2416*** 0.0398 0.2815%**
Afdi -0.0033 -0.0087 -0.0120
Atrade -0.0143 0.0344 0.0201
Adinfra -0.0159 0.0116 -0.0042
Ahigh edu 0.1864*** -0.0448 0.1416***
Abasic edu 0.1113*** 0.0226 0.1340**
Astate 0.0130 0.0051 0.0181

Notes: *** ** * denote significance at the 1, 5 and 1G8vel based on partial derivatives and
parameter simulations as described in LeSage am# P2009). Computations based on binary

contiguity based spatial weighting matrix.
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APPENDIX

Box A.1: Transmission channels to local technologgdaption through MNCs

* Imitation-demonstration and contagion effects: Foreign invested firms
generally enjoy higher technological intensity @ne expected to bring in new
products and technologies to the recipient econdmyaddition, geographic
proximity to foreign firms is likely to stimulate lase observation of
technologies and imitation of high-technology produBlomstrom and Wang
1992).

» Competition: The presence of foreign owned enterprises geneexigrts a
competitive pressure which might push local firms improve their|
technological efficiency (Kokko 1996). In additioim host countries wher|
competition is fierce, MNCs could be more inclintx transfer their mos
advanced technologies to their subsidiary companies

—~

» Labour turnover: In developing countries, MNCs carry most of the R&i
training activities. Knowledge created in MNCs iisely to diffuse to local
economy in various ways, for instance through labiounover and when
skilled workers trained in the MNCs establish basses of their own
(Blomstrém and Sjéholm 1999).

« Backward and forward linkages: In the presence of quality linkages between
foreign firms and their local suppliers or customenpillovers can take place
in the form of labour training and technologicabkrhow transfer.

e Trade: The expansion of foreign trade could increaserneet efficiency in
various ways. The expansion of exports is expetahlarge market size and
generate scale economies. The export activity ofQgMould stimulate th
integration of local firms into international matkeThe export-oriented FO
firms could reduce information costs in foreign keis and ease the
establishment of adequate transport and commuaitainfrastructure

D

facilities. Furthermore, foreign currency broughltdxports could finance the
import of sophisticated equipment and machinery &osler technologica‘
upgrade.
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Table A.1: SpECM regression results for Chinese pminces 1979-2006

Dep. Var:4 lprod

Binary contiguity

Distance baseacontiguity

Long-run
capital 0.021*** (0.005) 0.018*** (0.004)
fdi 0.002 (0.001) -0.007*** (0.002)
trade -0.009*** (0.003) -0.008*** (0.003)
infra 0.188*** (0.029) 0.062** (0.030)
high edu 0.502*** (0.018) 0.383*** (0.034)
basic edu -0.031 (0.028) 0.035 (0.030)
state 0.001 (0.294) -0.001 (0.003)
W x capital -0.016* (0.009) 0.023 (0.032)
W x fdi 0.007** (0.003) 0.021*** (0.004)
W x trade 0.027*** (0.007) -0.010 (0.0112)
W x infra -0.105** (0.051) 0.123** (0.059)
W x high edu -0.322%** (0.033) -0.336*** (0.051)
W x basic edu 0.131*** (0.055) 0.033 (0.080)
W x state -0.122%** (0.041) -0.188*** (0.066)
W x Iprod 0.599*** (0.034) 0.636*** (0.031)

Short-run
Ui -1 -0.047*** (0.016) -0.049*** (0.016)
Acapital 0.018*** (0.004) 0.018*** (0.004)
Afdi 0.001 (0.002) 0.001 (0.001)
Atrade -0.001 (0.005) 0.001 (0.006)
dinfra 0.011 (0.018) -0.002 (0.016)
Zhigh edu 0.263*** (0.020) 0.275*** (0.020)
Abasic edu 0.109*** (0.024) 0.112*** (0.024)
Astate 0.015 (0.010) 0.015 (0.0112)
W X Uyg -0.029 (0.038) -0.172%** (0.072)
W x Acapital 0.005 (0.012) 0.003 (0.018)
W x Afdi 0.005** (0.002) 0.004 (0.004)
W x Adtrade 0.006 (0.007) 0.016 (0.016)
W x dinfra 0.001 (0.032) 0.091 (0.065)
W x Zhigh edu -0.108** (0.035) -0.087 (0.055)
W x dbasic edu 0.117** (0.050) 0.141** (0.065)
W x Adstate 0.017 (0.021) 0.056 (0.036)
W x dlprod 0.071 (0.047) 0.055 (0.070)
Obs. 810 810
R adj. (long-run) 0.931 0.945
RPadj. (short-run) 0.263 0.266
Zstwiresiduals (P-value) 0.317 (0.376) 0.609 (0.271)
Kao (1999) Cointegration -9.61*** (0.00) -9.61*** (0.00)

Notes:*** ** * denote significance at the 1, 5 and 10®#vel. Standard errors are in brack&syy, is

the z-statistic of the spatio-temporal version of Mosdn(STMI). Kao (1999) cointegration test using

automatic lag selection by SIC with a maximum kggth of 5 periods.
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