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Abstract

The objective of this paper is threefold. Firstlye provide evidence of the role played by
equipment investment as determinant of output abdrl productivity in China for the period
1962-2004. Secondly, we assess its robustnesslowird) for other relevant sources of
economic growth, and finally, we analyze the rdyed by these different factors on long-run
growth. For this purpose we focused our analysisnanfactors that have apparently played a
relevant role in accounting for China’s growth, mdyn equipment investment and exports.
However, knowing the close relationships that elletiveen equipment investments with other
variables, we have included R&D expenditure, huntapital and infrastructures in our
analysis. We start up our study exploring the limkong equipment investment, R&D
expenditure, exports and the real exchange ratea@s determinants of labor productivity and
output in the short and long-run, that is, our baselel. Afterwards, we included human capital
and infrastructures in our augmented model. Givea potential interdependence and
endogeneity of the variables considered, we empl@gestatistical framework for analysis the
cointegrated VAR model. Our results provide evidetitat equipment investment and exports
are one of the most important determinants of kadibr productivity and output in the long-run
even controlling with other sources of growth inif2h Furthermore, when human capital is
included, we found that it positively affects ecomo activity in the long-run. In addition, when
infrastructures are considered, we proved that bau&ributed on labor productivity and output
in the long-run. Finally, our findings provide rattievidence that R&D expenditure enhances
equipment investment on the long-run growth.
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1 Introduction

At the beginning of the nineties J. Bradford De fgoand Lawrence H. Summers
highlighted in a series of influential papers thilaére were good reasons and quantitative
evidence in supporting the point of view that maehy and equipment investment might be
strongly associated with economic growth. Spedificahey found “those countries with high
equipment investment grew extremely rapidly, eventiolling for a number of other factors”
(De Long and Summers, 1992, p.158). They identdiel@ast three arguments that support their
view. Firstly, historical accounts of economic gtbwinvariably assign a central role to
mechanization. Secondly, discussions of econonoevilr in development economies and the
new growth theory traditions highlight external Bomies as an important cause of growth. In
addition, given that the equipment sector is onethd most intensive in research and
development, it is reasonable to believe thatuldde a source of external economies. Thirdly,
countries that pursue a government-led “developrstté” approach to development, seems to
have higher equipment investment rates, lower eggiiph prices, and enjoy of faster economic
growth (De Long and Summer, 1991, pp.447-448).

From our point of view, if this association is amt, then the rapid growth in China and its
enormous investment effort over recent decadestitaies an interesting case of study and a
“natural” laboratory to analyze the role of equiprmhenvestment in its recent economic
performance. First, because the fast growth exmeried by the Chinese economy is
unguestionable that can be considered of the tgpergment-led “development state” approach
to development. The underlying idea is that coestwhich adopt more efficient mechanisms to
allocate their resources are more likely to groantthose that have a structure similar to poorer
economies. The Chinese government initiated grédubE economic reforms to reach a
market-oriented economy and launched the induig@iidn process by transforming the main
and more strategic economic sectors in the sixtig# the present-day, given the fail of the
Great Leap Forward in the fifties. It is plausilitebelieve that a more liberalized economy,
allocates the economic resources and implementsapipeopriated economic policies more
efficiently, enjoying of faster growth.

Secondly, China has undergone high investment matescent decades, with a significant
contribution of equipment investment as opposedtih@r components of capital accumulation
such as infrastructures which experienced a rapyavip, with massive investment projects,
during the pre-reform period. Nevertheless, inftagtres displayed a modest growth since the
open-door policy in China given the decrease in imew@stment in infrastructures and because
of the more efficient use of the current transpydtem since the spectacular increase in the
demand of such goods.

Thirdly, although imports in equipment have beere af the strategies of China’s
development since the sixties, a change in thecesunf provisioning from Soviet block and
East European countries to occidental economiels avihigher degree of development took
place after the fail of the Great Leap Forwardstirfrom Japan, that is, one of the most
significant providers in equipment investment sitioe sixties until the present-day, and after
that, the trade partners was progressively divetstio some countries that currently belong to
the EU and US. These types of capital goods, eslhei equipment, are intensive in R&D and
are potential generators of the spillovers or exkeeconomies mentioned by De Long and
Summers which could be one of the stronger causesomomic growth.

In addition to these arguments, and from a thezakgioint of view, the recent endogenous
growth literature, especially in the initial “AK”r@ more recently the Schumpeterian version of
the endogenous growth theory, provide formal supjoathe existence of long-term relationship
between investment and growth, running from investinto output and productivity. In this
sense, capital accumulation could be a source aiauic growth if embodied technological



progress exists, that is, whether among the detemts of capital accumulation predominate
the supply factors (Madsen, 2002). Besides, Hosviiti Aghion (1998, p. 112) argued that
“capital accumulation and knowledge can determiteelével of output in the long-run, being
both factors complementary processes and playisgraficant role on economic growth. In
fact, capital accumulation could be a source ofgjinm growth only if it has followed by
technological progress given the diminishing resuom capital accumulation. Alternatively,
technological progress can not be sustained intigfinwithout the accumulation of capital to
be used in the R&D process which creates innovat@and in the production process that
implements them”.

The empirical evidence in the relationship betweegnipment investment and economic
growth has been widely studied with mixed results.De Long and Summers (1991, 1992)
have already indicated, equipment investment was gepositively affect productivity growth.
Similar results were found by Levine and Renelt9@)9 On the contrary however, Auerbach et
al. (1994) argued that the results of De Long amehiBers (1992) exaggerate the social returns
to equipment investment. They used the data s&eofong and Summers and found that if
Botswana was removed from the sample the effectqefipment investment on economic
growth was consistent with the predictions of treditional model. In addition, Dellas and
Koubi (2001) argued that De Long and Summers mifisecocial capabilities that are crucial
for poor countries to benefit through industriaiaa. These authors found that industrial
employment is more determining than equipment imeent in the development process of
low-moderate income countries. Finally, Grilichesdalogerson (1966), Hulten (1992) and
Greenwood et al. (1997) found evidence that emlgotdiehnological change positively affects
to long-run productivity. Conversely, Berglas (196found no evidence of embodied
technological progress and supported the Solowrtypdel.

The evidence in the relation between equipmentsimrent and economic growth to our
knowledge is non existent for China. Nonetheldss,najority of the studies found that capital
accumulation is one of the determinants of long-guowth in China (Kwan et al., 1999; Yu,
1998; Chow, 1993; Yusuf, 1994).

Although the significant contribution of equipméanvestment on the economic activity in
China seems undeniable given its high growth ratese are additional factors that could
promote output and labor productivity in the steatiste (human capital, R&D expenditure,
openness and infrastructures). Human capital, assune of skill of the population, plays a
crucial role in improving the productivity of worfce and in its capacity of absorbing or
adapting the spillovers of foreign technoldgylthough countries encourage technology
imitation through intermediates or capital impoasd foreign direct investment, it is the
learning effect which limits its own technology ahstive capability (Borensztein et al., 1998
and Hendricks, 2000). In addition, the degree a@nmgss, especially exports, has substantial
benefits on labor productivity and output in thederun? Firstly, foreign trade is one of the
most important conduits for the transmission offireign technology.Secondly, competitive
pressure made by foreign firms enhances domestitsfio invest in R&D expenditure to
survive in the international market, being mordcetht and stimulating productivity (Melitz,
2003). Lastly, access to a greater market mayegaihs through economies of scale (Helpman
and Krugman, 1985). On the other hand, the innomatimeasured by R&D expenditure and
investments are closely related and should be cammpttary to boost labor productivity and
output in the long-run (Howitt and Aghion, 1998;wit, 2000). To conclude, non-equipment
investment such as productive infrastructure, feangple railways and highways, is also

2 See for example Romer (1990), Young (1991) anddB@001)

% See Rodrik, (1999) and Rodriguez and Rodrik (20@®)o are skeptical about the positive effects of
openness on economic growth.

“ See Young (1991), Chuang (1998), Clerides efl8b§) and Aw et al. (2000)



considered an additional factor of long-run grovtcthauer (1988, 1989). The improvement in
the endowment of infrastructures could enhanceptbductivity of existing resources through

the positive externalities that creates. In addittacould stimulate the increase of other types of
investment, given the improvement of the profitépibf investment projects due to reduced
cost or to improved accessibility to other markets.

There is immense empirical evidence on the relatignbetween trade or infrastructure and
economic growth with mixed results in the literatuand China is no exceptibriTrade,
especially exports, has played a relevant rolbhénGhinese development (Shan and Sun, 1998;
Siebert, 2007). In many cases the direction ofcthesality is bidirectional between exports and
output or labor productivity. Nonetheless, Hsiaal &fsiao (2006) found that exports do not
cause output. On the other hand, Démurger (200dndfahat transport facilities are a key
differentiating factor in explaining the growth gapd point to the role of telecommunication in
reducing the burden of isolation. On the other hdwh and Zhang (2004) found that rural
infrastructure and education play a more impontala in explaining the difference in rural non-
farm productivity than agricultural productivity.

In this context the aim of this paper is threefdtdstly, we provide evidence of the role
played by equipment investment as determinant tifutand labor productivity in China for the
period 1962-2004. Secondly, we assess its robisstneslowing for other relevant sources of
economic growth, and finally, we analyze the rdeyed by these different factors on long-run
growth. For this purpose we focused our analysisaanfactors that have apparently played a
relevant role in account for China’s growth, namedguipment investment and exports.
However, as we are aware of the close relationdtepseen equipment investments with other
relevant variables for growth we have included R&Dpenditure, human capital and
infrastructures in our analysis. We start up owdgtexploring the link among equipment
investment, R&D expenditure, exports, and the es@hange rate as the main determinants of
labor productivity and output in the short and long, that is, our base model. After that, we
included human capital and infrastructures in aigraented model given the strong relationship
of these variables with equipment investment asofacto promote labor productivity and
output in the long-run. Besides our paper attertptslarify the role played by technological
progress in the growth process. From a methodabgioint of view, we employed the as
statistical framework for the analysis the coindtgd VAR model, given the potential
interdependence and endogeneity of the variablesidered. Our results provide evidence that
equipment investment and exports are one of the mg®rtant determinants of both labor
productivity and output in the long-run even cohitng with other sources of growth in China.
Furthermore, when human capital is included, wenébthat it positively affects economic
activity in the long-run. In addition, when infrasttures are considered, we proved that have
contributed on labor productivity and output in tbeg-run. Finally, our findings provide robust
evidence that R&D expenditure enhances equipmeestment on the long-run growth.

This paper contributes to the empirical literaturehe following aspects. Firstly and to the
best of our knowledge, there is no evidence of mgent investment and its main related
variables as sources of economic growth for the e@dsChina. Moreover our point of view
emphasizes in the embodied technological prograssgoipment investment jointly with the
role played among other important factors such amam capital, infrastructures, R&D
expenditure and exports as determinants of botbr lafductivity and output in the long-run in
the Chinese economy. In addition, our methodoldgy ¢ointegrated VAR model avoid the
endogeneity problem as it is based on a joint niogedf our variables analyzed, where the

®> See for example Munnel (1992), Gramlich (1994)nkkl, (1999), Réller and Waverman (2001),
Perkins et al. (2005), Fourie, (2006), and Hulteal &(2006).

® See for example Baldwin (2003), Munnell (1990)dRlo, (1999), Rodriguez and Rodrik (2000), Holtz-
Eakin (1994) and Garcia-Mila et al. (1996) amontupas.



exogeneity or endogeneity of our variables is exachiand where certain restrictions are
imposed until the most irreducible form is reachEahally, this methodology allows us to
distinguish between the short and long run effects.

The rest of the paper is set out as follows. Se@i@ontains the description of the variables
considered and the methodology. Section 3 the @mapiresults are presented and Section 4
includes the conclusions drawn.

3. Data and M ethodology

In the empirical analysis we employed annual datinfthe Chinese economy from 1962 to
2004. Our data set alternatively consists of QIjép) and labor productivity— output per
worker (Iprod), jointly with net equipment investmeriif¢q), R&D expenditurg (Ird), export-
to-GDP ratio — exports in FOB terms xg@p, the real exchange ratkef),’ the increases of
human capita{dhc) and two measures of infrastructugprail andlrphigh); all the variables
are in real tern$ and in logs (except the ratio of exports to GDH #re increases of human
capital). Our basic data source was the Nationa¢®w of Statistics of China (NBS), except for
equipment investment and human capital. We tooketipgipment investment variable from
Holz (2006) who made a precise effort to obtainemsure of the capital stock based on the data
of investment in fixed assets from the NE®esides, we took human capitéiic) — years of
schooling- from Wang and Yao (2003) and we extentiési data to 2004 making a small
variation in the construction of the varial3leFinally, we employed two measures in those
models in which we introduced infrastructures tiirghe number of passengers-Km of railways
(100 million people passenger-km)lrprail - and secondly the number of passenger- Km of
highways (100 million people passenger-km)irphigh-. Thus, we considered not only
infrastructure investment but also the demand fodgtructures

The objective has been to provide evidence of the played by equipment investment as
determinant of output and labor productivity in @i of its robustness in allowing for other
relevant sources of economic growth, and finalbyahalyze the role played by these different
factors of long-run growth.

As a statistical framework for analysis, and givéme potential interdependence and
endogeneity of the variables considered, we usedctintegrated VAR model proposed by
Johansen (1988), Johansen and Juselius (1990yskwhand Juselius (1994) and Johansen
(1995) as the most convenient methodology for thecdption of our macroeconomic time
series data. One of the advantages of this metbgga$ the possibility of combining long-run
and short-run information in the data by exploitthg cointegration property (Juselius, 2007).
Besides, researchers do not impose any restrictinasto starting the analysis with regard to
the exogeneity or endogeneity of our variables iclemed. Thus we allow that the data to reveal
the nature and interactions among them given theptex relationship that exists from an
economic point of view.

7 In this paper labor productivity and human capit@re corrected by applying the methodology
suggested by Nielsen (2004).

8 We took Total expenditure on scientific researoimf NBS as proxy variable of R&D expenditure.

° The real exchange rate has been calculated usmgiaminal exchange rate between the Chinese
currency and the US $ (Renminbi/$) and the respectnsumer price indices (CPIs).

9We have deflated R&D expenditure with the GDP atefi.

! See Holz (2006) for further details on depreciatiad deflators.

12 See Appendix for further details.



In particular, we start with an unrestricted VAR deb a restricted linear trend in the
cointegration space and an unrestricted constardf (dimensionrx1.:

' X k-1 k-1
AXy =ap |t +ZriAXt—i +29iADst—i + @Dy + Ut
D)., ' i=0 (1)

g ONID (0,Q) t=1...T

WhereX; is the vector of potentially endogenous varialiethe different models that we
go on to specifyp andp are matrices of dimension p xa;denotes the direction and speed of
adjustment toward equilibrium angl are the matrix of the cointegrated vectdis, is the
restricted matrix of the level-shift dummies afi¢g, 6,, ¢) are the coefficients of the unrestricted

matrix in the short run and dummies respectivelgsiBes, the data are distinctly trending and
we need to allow for linear trends in the cointéigra relationships when testing for the
cointegration rank. Finally, we assumed that therderm,,, is an i.i.d. Gaussian sequeride
(0, Q) and the initial values, %1,...X0, are fixed.

Given that the analysis of a system containingrgelanumber of potentially endogenous
variables is econometrically very demanding, a3uselius and MacDonald (2000 and 2004), a
specific-to-general approach in the choice of \@es will be adopted. Initially, we start the
analysis with a five-dimensional system that ineltidat alternatively includes the GDP or labor
productivity, jointly with net equipment investmemR&D expenditure, export-to-GDP ratio,
and the real exchange rate (the base model). Theaxtemded it by the inclusion of human
capitaland two measures of infrastructures.

The stationary property of our variables is explovdath two traditional unit root tests as
seen in the Appendix. We concluded that the bemtaclerization of our stochastic process is to
accept that all variables are integrated of orahey, @xcept human capital, which is integrated of
order two. In this last case, we transformed th@alée in the first differences to employ the
cointegrated VAR model methodology.

Given the significant economic changes in the Gieneconomy throughout the period
under study we have included two level shiftghich are restricted to the cointegration space to
guarantee a reasonable stability of the paramestirmated in the concentrated model. The first
level shift was introduced in 19704749, while the second level shift,s§3 was introduced in
1985 Besides, we have introduced two unrestricted peemid dummies, one for the year 1976,
dummys, and another for 1989, dygp The level shift dummy restricted to the cointegmatspace
in 1970 and the permanent dummy in 1976 attempapdure the economic consequences since
the Cultural Revolution. The explanation of theaw®tlevel shift corresponds to the slowdown
in the output and labor productivity growth ratdstlee end of second half of the eighties,
following the unprecedented trade deficit of 1985nally, the dummy in 1989 likely
corresponds to the reforms to control the highaiidh rate at the end of the eighties and to the
decrease in external financing given the eventghviook place infienanmen Squarie that
year.

In all models estimated with two lags is enouglavoid the autocorrelation problems and
to capture the dynamics effects following the Haaad Quinn and Schwarz criterion. In all the
cases only output, labor productivity and equipmamntestment are endogenous in their
respective model¥.In addition, the rank determination test and thats of companion matrix

13 The level shift takes the form of (0,0,0,1,1,1) &ine permanent dummy (0,0,1,0,0,0).
4 See Table A2 in the Appendix



allow us to detect two long-run relationships ihcair estimated modefs.

4. Empirical Results

Our results are presented in Tables 1-3; panel thefables is concerned with the long run
relationships between the variables considerecah enodel, that is, the cointegrated vectors,
and panel B shows the short run dynamics.

In Table 1 we present the coefficients estimatedife base models. Panel A describes how
equipment investment, exports-to-GDP ratio and kel exchange rate account for labor
productivity and output levels. The direction oé ttausalit} run from equipment investment,
exports and real exchange rate to output and |plmmtuctivity in the long-run. On the other
hand, the second cointegrated vector shows a mignif and positive impact of R&D
expenditure on equipment investment. All restritstbimposed on these long-run relationships
were accepted with a p-value of 0.097 for the petidity model and 0.617 and the output
models respectively. Furthermore and in accordavitethe battery of the stability tesisthe
concentrated model version seems reasonable stdbleoefficients show the expected signs
and are significant.

Our findings are consistent with De Long and Suns{@®91 and 1992), who argued that
equipment investment is the main factor to pronmtgut and labor productivity in the long-
run among the components of investment and stretseegbrobable link between embodied
technology and capital goods. It is only possibldind, this long-run effect, when the supply
factors predominate among the determinants of tma&s such as technical changes. Chinese
strategy has focused on the promotion of capital imermediate goods imports for those
production processes which are not possible torbduged themselves. It is expected that an
embodied technological progress exists in thesestypf goods, which are imported from
developed countries, and that it would be relagiveheaper, thus boosting both capital
accumulation and its efficiency.

An interesting result is that R&D expenditure stiates equipment investment in the long-
run in both models. This is consistent with Aghenmd Howitt (1998, 1999) and with Howitt
(2000) who argued that capital accumulation shoodd complementary with innovation
activities both of which play a significant roleaccounting for labor productivity and output in
the long-run.

Additionally, and in line with other studiéSwe found that exports and competitiveness
(measured by the real exchange rate) positivelgcafbn labor productivity and output in the
long-run. This result is consistent with the exged growth hypothesis. In fact, exports are
exogenous and cause output and labor productivitghe long-run and grew faster than
economic activity’'*? These effects are related with an economic palityressed to stimulate

!> See Tables A-3 to A-9 in the Appendix

'® The causality is assessed through significands tes ECM parameters as it is possible to seedn th
dynamics of the models estimated.

”We have imposed a restriction equal to zero orctiedficients of the variables that are not sigaifit
until the most irreducible form is reach. In alkea these restrictions are accepted as it is pedsilsee

in the p-value that we report given that is ové50.

18 Available upon request for all models estimated.

9 See Lee (1995).

2 See Shan and Sun (1998), Liu et al (1997 and 2002)

2L A discussion on export-led growth in China is seeBramall (2000).

22 |In the period 1962-1977 exports grew on average rate of 8.15%, while the average GDP growth
rate was 7.04%. This difference is higher in thetpeform period (1978-2004) with an average growth
rate of exports and GDP of 19.54% and 9.52% res@dgt



exports with the purpose of enhancing the levehaivity and mitigate the foreign exchange

constrain, thus making the aforementioned impartiEy viable.

Table 1: Base Models: Output and labor productivity

A) Long-Run Relatiors

Iprod lgdp lifeq Ird xgdp Irer
2 , 1 -0.21 0 -4.79 -1.11
23 B [-7.85] [-9.45] [-4.95]
=iye]
o= , -1.41
£ B, 0 1 [13.78] 0 0
, -0.13 0 -1.50 -1.25
23 B [-2.92] [-2.83] [-4.57]
02 .
B 0 1 [_113;%%] 0 0
B) Dynamics of the base models
Alprod  Alifeg Algdp Alifeq
Alprodk.1 0.33
(4.97)
Algdp1 0.34
(6.54)
Alifeqyy 0.32 - 0.28
(5.35) (5.65)
Alrer.y 0.14 - -
(2.60)
Alrd 0.21 1.91 0.21 1.90
(10.3)  (9.95) (9.05)  (9.78)
Alrde.a 0.04 - - -
(2.41)
Axgdp 0.26 0.21
(3.13) (2.72)
Axgdp-1 0.45 -0.18
(-4.01) (-2.16)
Constant -0.56 -0.54 1.36 -0.54
(-7.35)  (-5.03) (9.57)  (-4.81)
ADsgs - 0.29 - 0.26
(3.03) (3.54)
ADsgst-1 0.03 - -0.03 -
(-3.31) (-3.67)
ADs7ot-1 0.09 -0.84 -0.05 -0.78
(-4.82) (-4.56) (-2.29)  (-4.24)
dumye, | -0.07 - -0.06 -
(-7.43) (-7.13)
ecm -0.59 -1.78
(-7.09) (-9.80)
ecm -0.10 -1.24 0.14 154
(-3.89) (-4.89) (3.69)  (4.68)
X2(16)=16.434 (0.4231) | X2(18)=24.092 (0.1520

Note: ecmp= B';X; + deterministic components

and the t-value in brackets.

Table 1.B reports the dynamics of the base modéks.labor productivity equation is error-
correcting with the two cointegrated vectors foumdhe productivity model{; andf’,). The
alpha coefficient of the first long-run relationghiecm, shows that the adjustment toward
equilibrium is approximately a year and a half, i@tihe alpha of the second relationship, £cm
shows that when investment is below its steadyestabor productivity undergoes a slight
decrease. In the dynamics we find that labor privdtic R&D expenditure and the real
exchange rate positively affect the labor produistigquation, while the net effect of exports is
negative in the short-run. On the other hand, theipgnent investment equation is error-
correcting with the second cointegrated vector tbum this model. The alpha coefficient

%3 We show only the coefficients of the stochastidalsles; the deterministic components are available
upon request.



indicates that the adjustment toward equilibriuketaplace approximately less than a year. In
the short-run, we find that R&D expenditure and thg of equipment investment have a
positive effect on the equation.

The output equation is error-correcting with thstfcointegrated vector found in the output
model and it adjusts toward equilibrium in almosten months (ec)) while output increases
when the equipment investment is above its stetatg ¢ecry). In the dynamics, we find that
R&D expenditure and the lag of output have a pasigffect on output equation. Besides, the
net effect of exports is positive in this equati@n the other hand, equipment investment
overreacts with the second cointegrated vectordoés in consequence, we cannot interpret
this equation in economic terms.

Table 2: Augmented Models with Human Capital

A) Long-Run Relations

Iprod Igdp lifeq Ird xgdp Lrer  Ahc
2 p 1 -0.17 0 406 -1.95 -0.62
2 T ! [-4.27] [-5.10] [-6.37] [-2.57]
=)
32 -1.06
2 B.| O 1 [3.99] 0 0 0
P , 025 0 275 282 -0.70
as [-7.65] [-3.61] [-9.55] [-3.05]
338
=S -1.39
B 0 1 [12.44] 0 0 0

B) Dynamics of Augmented Models with Human Capital

Alprod  Alifeq Algdp Alifeq
Alprodk., - -2.82
(-4.31)
Algdp.q - -1.40
(-2.85)
Alifeqes 0.09 1.01 0.04 0.55
(6.83) (6.93) (4.24) (6.06),
Alrer - -1.16
(-3.85)
Alreri.y - -1.13 - -
(-2.49)
Alrd 0.15 1.33 0.20 1.70
(6.21) (6.14) (7.87) (8.70),
A’hc 0.09 - - -
(2.53)
A’hG.y - 0.70 - 1.01
(2.24) (3.70)
Axgdp -2.24 - -
(-3.35)
Axgdp.1 - 2.70 -0.19
(3.02) (-2.19)
Constant| -0.42 -0.13 0.68 -0.64
(-7.08) (-2.19) (10.0)  (-4.44
ADsgs - 0.26 - 0.29
(3.31) (4.16)
ADsgst1 -0.04 - 0.17
(-4.46) (2.49)
ADsyo -0.09 -0.69 - -
(-3.16) (-2.67)
ADs70t-1 -0.09 -0.95 -0.05 -0.84
(-4.28) (-4.94) (-2.30) (-4.49
dume, | -0.06 - -0.05
(-6.97) (-6.63) -
ecm -0.59 -0.73
(-7.36) (-10.5)
ecm -0.27 -2.80 -0.33 -3.09
(-4.60) (-5.69) | (-4.31) (-5.20)
X2(16)=22.345 (0.1324) | X2(20)=23.142 (0.2819




Hereinafter, we address the robustness of ourtseBulincluding other variables that have
been considered prominent determinants of output productivity in the literature on
economic growth (human capital and infrastructurisaddition we explore the role played by
these variables together with equipment investrardttrade considered until this time.

Human capital has been proxied by per capita yefisehooling. The assumption is that
more educated people are a good indicator of mhkitteds and more productive workers.
Additionally, it is expected that more skilled pémpiould be more able to innovate, and to also
make the absorption and adaptation of the new téogy embodied in equipment investment
easy.

In Table 2 we present the coefficients estimatedtfe augmented models with the human
capital. The direction of the causality runs froqument investment, exports, real exchange
rate and human capital to output and labor prodigtin the long-run. We find two
cointegrated vectors for both labor productivitydasutput models, where all the restrictions
were accepted with a p-value of 0.336 and 0.3%pewtively. Our long-run relationships are
reasonably stable in the concentrated model, ardctefficients are significant with the
expected sign.

These findings show that our conclusions on equipiritevestment and exports as sources
of economic growth remain unchanged even for tletugion of human capital, assessing its
robustness. Of course, these same results sudigeshvestment and exports are not the only
determinants of output and productivity in the lang, but also human capital is a significant
factor in determining the steady state of thesdabbes, when equipment investment is
considered. This finding is in agreement with, Greeod et al. (1997), Temple and Voth
(1998), Hendricks (2000) and Ortiguera (2003). Thugput and labor productivity not only
depend on equipment investment, but also on tHentdogy absorption or on the adaptation
through the worker’s skill, and both factors argngéficant in the rapid Chinese development.
Finally and similarly to the previous model estigdht we find that R&D expenditure
encourages equipment investment in the long-rum, sut we did not find any direct impact of
human capital on equipment investment. Therefoegy technologies open up new economic
opportunities for equipment investment to take @lacphysical capital, and both, physical and
human capital, encourage output and productivity.

Table 2.B reports the dynamics of the augmentedemaith human capital. The labor
productivity equation is error-correcting with theo cointegrated vectors found in labor
productivity model [§’; and p’,). The alpha coefficient of the first long-run rida, ecm,
shows that the adjustment toward equilibrium igaryand a half, while the alpha of the second
relationship, ecs) shows a slight and negative effect on the lalodyctivity equation when
equipment investment is below of it steady statehé dynamics, we found that human capital,
R&D expenditure and equipment investment have atipeseffect on the labor productivity
equation. On the other hand, the equipment investrmguation is error-correcting with the
second cointegrated vectop’'{). The alpha coefficient of this long-run relatibips ecm,
shows a rapid adjustment toward equilibrium at agipnately four months. In the short-run, we
find that human capital, R&D expenditure, equipmiewestment have a positive effect on this
equation, while both labor productivity and thel msechange rate have a negative effect. Finally
we find a net and positive effect of exports ondghj@ipment investment equation.

The output equation is error-correcting with the twointegrated vector foun@ ¢ andp’,).
The alpha coefficient in the first long-run relatsiip, ecry shows that the adjustment toward
equilibrium is about nine months, while the secosldtion, ecrp shows a slight and negative
effect on the output equation. In the dynamics imd that equipment investment and R&D
expenditure have a positive effect on the outpuiadgn, while exports have a negative effect.
The equipment investment equation is error-comegetvith the second cointegrated vector. The
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alpha coefficient shows a rapid adjustment appratety less than three months. In the
dynamics we find that equipment investment, R&Deandgiture, human capital positively affect
the equipment investment equation, while the ldgsutput and the real exchange rate have a
negative effect.

Finally, we will take into account the role of iaftructures in this context. We took two
indicators of infrastructure namely, passenger-Krhighways and passenger-km of railways.
These indicators are convenient given that they associated with both infrastructure
investment and demand. So, we could interpretuigable as a measure of the efficiency of
the infrastructure. This issue is relevant in tlen€se economy because, during the pre-reform
period, most infrastructure investment projectsesm@mished and more investment was made
than required. Since the seventies, however, &nwdasinand of transportation system has taken
place with a modest increase in new investmentsfiastructures, which may only be account
for by the more efficient use of the current traggtion system.

In Table 3 we present the coefficients estimated tfee augmented model with the
infrastructures models. All the restrictions in tabor productivity model were accepted with a
p-value of 0.05 wheiirprail is included. The direction of the causality runsni equipment
investment, exports and infrastructures to labodpctivity in the long-run. However, we found
no evidence wherrphigh was incorporated into this model. In the outputdeip all the
restrictions were accepted with a p-value of 0.48@ 0.157 respectively, when thprail and
Irphigh variables were included. The direction of the aditysruns from equipment investment,
exports, infrastructures and the real exchangé*raeoutput in the long-run. These long-run
relations are reasonably stables in the concedtratelel.

As in the case of human capital, when infrastrgctisr considered, the results obtained
initially for exports and investment are maintain&d, even when we control our estimates for
other relevant factors, such as human capital afrdsitructures, we conclude that equipment
investment and foreign trade polices have playsdjaificant role in Chinese development in
the last four decades. In addition, we provide ena® that infrastructureenhances both labor
productivity and output in the long-run. These fmg$ are consistent with Aschauer (1988,
1989), Munnell (1990), Eisner (1991), Canning et(4094), Easterly and Rebelo (1993) and
Flores de Frutos and Pereira (1993) to cite betna Moreover, an interesting result is that both
equipment investment and infrastructure promoterigooductivity and output in the long-run,
which shows there is some degree of complementapng them. Finally, R & D expenditure
continues to be the only non-deterministic factat tstimulates equipment investment in the
long run, without being detected any direct infloewf infrastructures in that relationship.

Table 3.B describes the dynamics of the augmentedehwith infrastructures. The labor
productivity equation is error-correcting with theo cointegrated vectors found if’{ and
B’2). The alpha coefficient of the first long-run tadaship, ecny shows a fast adjustment
toward equilibrium, at approximately six months,ilhithe alpha of the second cointegrated
vector adjusts toward equilibrium when labor prdduty is below its steady state. In the
dynamics we can observe no evidence of the comgesffect on infrastructure either in the
short or long run. We found that infrastructure aqdipment investment are significant factors
in accounting for labor productivity in the shoutr Besides, R&D expenditure and the real
exchange rate have a positive effect on labor mtddty, unlike exports which present a net
and negative effect on labor productivity.

4 The real exchange rate causes output in the longmnly wherrprail is considered

% We estimated infrastructures using a number ofdérhighways and railways. However, we did not
find evidence of these infrastructure indicatordador productivity and output in the long-runséems
that not only the volume of investment but alsouke of this type of investment are relevant. Wenolo
report these estimates, but they are available upaquest.
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Table 3: Augmented Models with Infrastructures

A) Long-Run Relations

Iprod lgdp lifeq Ird xgdp Irer  Irphigh  lrprail
= ) -0.13 -5.94 -0.20
23 Fo| 1 (5317 9  [1626] ©° [-4.25]
3 0
S = ) -1.40
g P2 | O Yoty O 0 0
B 1 -0.20 0 -3.98  -1.04 -0.45
u [-5.88] [-6.39] [-2.80] [-3.61]
, -1.44
ng P 0 b puaey O 0 0
53
o= B , 018 0 -4.99 0 -0.83
2 [-3..33] [-8.11] [-5.68]
B2 0 1 [_g'.gg] 0 0 0
B) Dynamics of Augmented Models with Infrastructure
Alprod  Alifeq Algdp Alifeq Algdp Alifeq
Alprodi1 - -2.36
(-3.67)
Algdpe - -2.37 -0.29 -1.76
(-4.33) (-2.59)  (-2.76)
Alifeqet 0.04 0.72 0.04 0.64 0.04 0.68
(3.50) (5.56) (4.35) (6.69) (353)  (5.99)
Alrer - - - -1.35 -0.14 -
(-3.47) (-2.36)
Alrer 0.27 - - -1.37 - -
(6.00) (-3.44)
Alrd 0.20 1.78 0.21 1.60 0.23 1.40
(9.36) (8.68) (8.55) (8.23) 9.35)  (7.12)
Alrdia 0.05 - - - - -
(3.23)
Axgdp 0.37 - - -1.46 0.56 -
(4.76) (-1.90) (4.37)
Axgdpr1 -0.75 - -0.41 - -0.43 -
(-6.30) (-3.60) (-3.09)
Alrprail - - - -
Alrpraile 0.12 - - -0.81
(5.16) (-4.23)
Alrphigh 0.27 -
(6.04)
Alrphighet 0.26 -
(5.00)
Constant 089 -0.70 0.77 -0.69 0.81 -
(-8.90)  (4.10) (7.45) (-4.77) (8.11)
ADs70 0.05  -0.41 - - - -0.37
(-1.95) (-1.68) (-1.80)
ADs7ou1 -0.09  -0.95 -0.07 -0.80 - -0.74
(-3.99) (-4.69) (-3.23) (-4.53) (-4.84
ADsss - 0.20 - 0.40 -
(2.40) (4.61)
ADsssta -0.04 - -0.05 - -0.07 -
(-4.81) (-5.13) (-4.82)
dunyep -0.07 - -0.07 - -
(-8.93) (-7.57)
dumggp - - - - -0.03 -
(-2.58)
ecm -173 - 370 - -2.25 -
(-8.79) (-7.72) (-7.97)
ecm -008  -113 -0.22 -2.35 019  -1.03
(-3.39) (4.77) (-5.09) (-6.59) (-9.53)  (-5.2%)
X2(16)=25.049(0.0690) | X2(18)=27.606 (0.0683) X2(16)=24.132(0.0867
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On the other hand, the equipment investment equati@rror-correcting with the second
cointegrated vector3(;). The alpha coefficient of this second long-rutatien, ecrm, shows
that the adjustment toward equilibrium is approxehaevery year. In the dynamics, we find
that R&D expenditure and the lag of equipment itwent have a positive effect on this
equation, while labor productivity shows a negatifect.

The first output equation is error-correcting witte two cointegrated vector found in the
output model wherirprail is considered}(1; and f’12). The alpha coefficient of the first
relation, ecmy shows a rapid adjustment toward equilibrium, whihe alpha of the second
relation, ecrpadjusts toward equilibrium when output is belosvsteady state. In the dynamics
we find that R&D expenditure and equipment investimpositively affects on the output
equation, while exports have a negative effechénghort-run. On the other hand, the equipment
investment equation is error-correcting with theosel long-run relationship foung’(,). The
adjustment toward equilibrium is also very rapil.the dynamics, we can observe that R&D
expenditure and the own lag of equipment investni@ve a positive effect on equipment
investment, while infrastructure and exports haveegative effect. Besides, the real exchange
rate demonstrates that an increase (depreciatostto reduce equipment investment. It is
possible to account for this effect given that maguipment and machinery are imported in
China, hence depreciation increases the price pbitad goods. Finally, the lag of output has a
negative effect on the equipment investment equatio

The second output equation is error-correcting \thi#h two cointegrated vectors found in
the output model whemphigh is consideredf}(,; andp’,;). The alpha coefficient of the first
relation, ecy shows an adjustment towards equilibrium at apprately six months. In the
dynamics we find that infrastructure, R&D expendititand equipment investment have a
positive effect on output equation, unlike the &fgoutput and the real exchange rate, which
have a negative effect on this equation. Finalig turrent value of exports has a positive
effect, although its lag has a negative effect. tam other hand, the equipment investment
equation is error-correcting with the second cagraged vector found ir3(,,). The adjustment
toward equilibrium is approximately a year. In tigort-run we found that R&D expenditure
and the lag of equipment investment have a posiffect on equipment the investment
equation, unlike the lag of output which negativatfects this equation.

5 Conclusions

De Long and Summers (1991, 1992) emphasized tlomgstassociation of equipment
investment and economic growth, especially in theecof developing countries which are not
able to produce this type of goods themselves. &lgesintries have to acquire most of their
investment in machines and equipment in internatiorade through imports from advanced
and intensive R&D countries. It is expected thabedied technological progress exists in this
types of goods and cause long-run growth. Nonetbekequipment investment is related with
other important determinants of output and laboodpctivity such as human capital,
infrastructures, R&D expenditure and openness anuthgrs. Human capital is a recurrent
determinant of growth in the endogenous growtlrditere (Young, 1991; Romer, 1990; and
Barro, 2001). This literature also has emphasikedstibstantial benefits from trade activity for
example through economies of scale, access to eddd@achnology or spillovers (Helpman and
Krugman, 1985). The expected role of infrastrugumn growth changed following the
empirical work by Aschauer (1989). Today infrastunes are considered such as a source of
externalities that stimulate output and produdfivBesides, the Schumpeterian version in the
endogenous growth theory stresses the link betwieeovation activities and capital
accumulation (Aghion and Howitt, 1998; Howitt, 2008lowever, the empirical evidence of
equipment investment and related variables is mixedsequently, no conclusive results are
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found, especially regarding the direction of thasadity of these factors on economic growth.

Our findings suggest that equipment investmentexmbrts are relevant factors to account
for output and labor productivity in the long-rueven controlling for other sources of long-run
growth in China for the period 1962-2004. Moreovee found that the direction of the
causality in all the models estimated is from emépt investment and exports to output and
labor productivity in the long-run. However, whemnman capital and infrastructures are
included we found that these factors have alscs#ipe effect on labor productivity and output,
in the long run. A common result in all the mode&timated is the positive effect of R&D
expenditure on equipment investment in the long-@onsequently, it seems that both capital
accumulation and technical change are significangfowth in the Chinese economy. Firstly,
because we found that equipment investment andsimércture have long-run effects and are
likely due the embodied technological progresso8dly a positive effect of R&D expenditure
on equipment investment is more plausible in soroku@peterian version of endogenous
growth theory than in traditional models of growinally, the positive effect of human capital
on labor productivity and output in the long-runolpably is related with other forms of
transmission of technology like absorption, adaptabr new inventions which cause long-run
growth.

In short, capital accumulation (physical and humam) exports has played a significant
role since 1962-2004 in China. The economic pdiaeade by the government such as
investment effort in infrastructures, promotion exfuipment investment together with human
capital and exports have apparently created therdiéme conditions for long-run growth.
Nevertheless, it is not sufficient condition to taurs long-run growth because more economic
reforms are needed to benefit from balanced gromahponly in the sources of growth, but also
among the different regions in the Chinese econd®egardless of this argument, the Chinese
economy currently is one of the most important ecaes in the world, where the most
important aspect is that has successfully changech fa planned economy to a market-
economy, with improvements in labor productivitydasutput.
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7 Appendix
Table Al: Unit Roots Tests

Variables ADF KPSS
const trend const trend
Irprail -0.84 -1.91 1.47* 0.19***

Alrprail  -4.90* -4.87* 0.18  0.12
Iphigh  -0.46  -1.36  1.49* 0.17*
Alrphigh  -3.04* -3.02* 0.18  0.18

Irer -0.95 -1.40 1.42* 0.16*
Alrer -3.79 -3.80"** 0.12 0.09
Ird 0.08 -3.53  1.40% 0.10

Alrd -5.86* -5.88*  0.06 0.06
xgdp 149  -1.43 1.41* 0.27*
Axgdp  -4.96* -5.89*  0.49 0.06
lgdp 0.66 -2.81 1.49* 0.27*
Algdp  -6.31* -6.40* 0.07 0.05
Iprod 253  -1.79  -1.47* 0.34*
Alprod  -4.35* -572* 0.24 0.04
lifeq -0.69 -6.65* 1.25* 0.03
Alifeq  -8.34* -8.24*  0.02 0.02
hc -0.77 -2.64 1.53* 0.24*
Ahc 262 264 0.18 0.15*
A’hc -4.15* -4.11* 0.06 0.06

* Rejection of the null at all the levels sign.
** Rejection at 5% and 10%
*** Rejection at 1%

Table A2: Weakly Exogeneity Test
Vbles. Modell Model2 Modell.l Model2.1 Mode?l. Model2.2 Model2.3

Irer 0.06 0.50 0.07 0.05 0.13 0.81 0.64
xgdp 0.32 0.59 0.15 0.27 0.14 0.20 0.41
Ird 0.05 0.20 0.06 0.05 0.27 0.15 0.14
Ahc 0.26 0.51

Irprail 0.06 0.05

Irphigh 0.06

Model 1: Productivity Base Model

Model 2: Output Base Model

Model 1.1: Productivity Augmented Model with Hum@apital
Model 2.1: Output Augmented Model with Human Capital

Model 1.2: Productivity Augmented Model with Inftagcture (rprail)
Model 2.2 Output Augmented Model with Infrastruet(rprail)
Model 2.3: Output Augmented Model with Infrastrugtrphigh)
Note: LR-Test, Chi-Square ( r ), P-values

Table A3: Determination Rank Test and the RoothefCompanion Matrix
Productivity Base Model
p-r r Eig.Value Trace Trace* 95% p-value p-value*
2 0 0.72 79.55 70.53 49.46 0.000 0.000
1 1 0.50 28.07 23.11 25.61 0.024 0.097

H(O) H() H(@)
Rootl 1 1 073
Root2 1 0.77 0.71
Root3 0.47 0.30 0.71
Root4 0.06 0.12 0.16
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Table A4: Determination Rank Test and the RoothefCompanion Matrix
Output Base Model
p-r r Eig.Value Trace Trace* 95% p-value p-value*
2 0 0.64 60.19 54.24 40.87 0.000 0.001
1 1 0.38 19.35 17.63 20.81 0.080 0.129

HO) H(1) H(2)
Rootl 1 1 0.62
Root2 1 0.59 0.62
Root3 0.34 0.30 0.47
Root4 0.04 0.30 0.47

Table A5: Determination Rank Test and the RoothefCompanion Matrix
Productivity, Augmented Model with Human Capital
p-r r Eig.Value Trace Trace* 95% p-value p-value*
2 0 0.72 82.23 72.37 54.28 0.000 0.001
1 1 0.52 30.08 22.08 28.00 0.030 0.212

H(O) H() H@)
Rootl 1 1 067
Root2 1 0.87 0.61
Root3 0.51 0.17 0.61
Root4 0.05 0.08 0.17

Table A6: Determination Rank Test and the RoothefCompanion Matrix
Output, Augmented Model with Human Capital
p-r r Eig.Value Trace Trace* 95% p-value p-value*
2 0 0.73 82.96 75.17 53.90 0.000 0.000
1 1 0.52 30.12 2359 27.41 0.027 0.146

HO) H(1) H@2)
Rootl 1 1 0.67
Root2 1 0.84 0.63
Root3 0.31 0.13 0.63
Root4 0.02 0.13 0.02

Table A7: Determination Rank Test and the RoothefCompanion Matrix
Productivity, Augmented Model with Infrastructur@r@il)
p-r r Eig.Value Trace Trace* 95% p-value p-value*
2 0 0.70 72.16 63.95 43.77 0.000 0.000
1 1 0.45 23.89 20.90 23.00 0.036 0.086

H(O) H() H(@)
Rootl 1 1 070
Root2 1 0.7 0.51
Root3 0.47 0.38 0.51
Root4 0.06 0.08 0.07
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Table A8: Determination Rank Test and the RoothefCompanion Matrix
Output, Augmented Model with Infrastructure (rpyail
p-r r Eig.Value Trace Trace* 95% p-value p-value*
2 0 0.66 64.28 58.02 4459 0.000 0.002
1 1 0.40 20.97 19.38 22.45 0.080 0.123

HO) H(1) H(2)
Rootl 1 1 0.65
Root2 1 0.64 0.43
Root3 0.34 0.14 0.43
Root4 0.01 0.07 0.29

Table A9: Determination Rank Test and the RoothefCompanion Matrix
Output, Augmented Model with Infrastructure (rphigh
p-r r Eig.Value Trace Trace* 95% p-value p-value*
2 0 0.79 7454 68.82 49.92 0.000 0.000
1 1 0.26 12.16 10.75 26.68 0.739 0.827

H(O) H() H(@)
Rootl 1 1 073
Root2 1 0.64 0.73
Root3 0.20 0.51 0.52
Root4 0.20 0.51 0.52

Table A10: Percentage of Equipment and
Machinery Imported to total Imports (average)
1950s 1960s 1970s 1980s 1990s 2000-2005
51% 20% 22% 25%* 39% 44%
* Only contains data for the years 1980-1985 artB]1given the limitation of the data.
Source: Data from 1950-1984 was taken from Cont&36).
Data since 1985-2005 was taken from the NBS.

M easur e of Human Capital

Human capital was taken from Wang and Yao (200Bgs& authors obtained a stock of human capitaddoh
level of education as follows:

Hy = @-8)Hy.s + (PRI, - JUNIOR,3)
Hy, = 1-3,)H .4 +(JUNIOR - SENIOR,; - SPECIAL, )
Hs = (@-6)H3i1 +(SENIOR-HIGH,, 35)

Hae = @-0)H 44 +(SPECIAD,

Hsy = (1-6;)Hs5- + HIGH,

Where H is the number of graduates wjtthe highest level of schooling attained in yegr1 for primary, 2 for
junior secondary, 3 for senior secondary, 4 focgdeed secondary, and 5 for tertiary. These astloonsider that a
person who did not complete the enrolled Igvisl considered have completed the lower level of schoolifd.)
Given that the lengths of different schooling cgclge known the author calculate the net numbgraduates at
each level of schooling. In additiot, is the mortality rate of the population in yedrom the NBS. According with
Wang and Yao (2003), the aggregate human capitek $ as follows:

H. = OHy +8Hy +11H5 +10H, +145H)
t Pop

Where popis the population in the age group 15-64 in yedihe initial value is 0.84 in 1951 based in Indéad
of human capital (For further details see Wang dad, 2003). These authors cover the period 1953.198wever
the procedure employs futures value of each leeldacation and they do not hold data for thesesye&e have
modified this measure by calculating a percentdgmiccess for each level of education for the psepaf obtaining
the number of graduates for the years that the atatanissing in Wang and Yao (2003). We took tha é@m the
NBS which covers the extended period of 1952-2004.
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