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Abstract

Recent empirical studies on international R&D spillovers have shown that
technology diffusion across countries raises productivity and, hence, boosts eco-
nomic growth. However, these studies do not explain how technological knowl-
edge accumulated in the tradable sector can be transferred to the rest of the
economy. This paper answers this question by focusing on the aspect of exter-
nalities between the tradable and non-tradable sectors. The second purpose of
this paper is to test for the statistical similarity of East Asian countries. In so
doing, we modify the multi-sector framework and estimate the reduced forms
using pooled data comprised of 51 countries over 24 years. Empirical results
clearly show that some Asian countries can be regarded as one group in terms of
the magnitude of the productivity spillover effect. We find statistical differences
in the estimated parameters between East Asian countries, developed countries,
and developing countries, with the East Asian countries showing the highest
spillover effects.
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1 Introduction

International transactions across borders affect economic growth mainly through three

channels of technology transfer: productivity increase by capital or intermediate goods

imports, learning by exporting, and foreign direct investment activities. These three

channels are important especially for technology diffusion. This technology diffusion

increases productivity and boosts economic growth.

Coe and Helpman (1995) initiated the argument on international R&D spillovers.

They confirmed that there exist international R&D spillovers between developed coun-

tries. Although their estimation framework was based on the theories by Grossman

and Helpman (1991), their estimated equation assumed that total imports play a cru-

cial role of transmitting R&D spillovers. Coe, Helpman and Hoffmeister (1997), Xu

and Wang (1999) and Eaton and Kotum (2001), instead, considered capital imports as

carriers of knowledge capital. Coe, Helpman and Hoffmeister (1997) estimated North-

South knowledge spillovers controlling for the effects of capital imports. Xu and Wang

(1999) discussed the effects of capital imports on North-North international knowledge

spillovers more directly.

On the other hand, Keller (2000, 2002a, 2002b) focused on the role of intermediate

goods imports as carriers of knowledge capital. Keller’s estimations were based on the

theory of “love of variety” of intermediate goods and he used industry level data. He

captures more precisely the mechanism of knowledge spillovers than previous “nation-

wide” estimations.

However, these papers focused on the spillover mechanism between countries but

not between industries. Only Keller (2002) implicitly controlled for the effects of

knowledge spillovers between industries. In every economy, there are tradable and

non-tradable sectors. Especially for developing countries, the share of non-tradable

sectors is relatively high. In the process of economic growth, positive effects from
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cludes the paper.

2 Multi-sector Frameworks

Feder’s (1982) pioneering work first introduced the paradigm of a two sector framework

with productivity spillovers between tradable and non-tradable sectors. Feder’s frame-

work makes it possible to estimate parameters of sectoral productivity differentials as

well as productivity spillovers.1



productivity of both capital and labor in the tradable sector exceeds those in the non-

tradable sector by δa. Superscript “a” stands for the capital goods import framework.

Further we assume that in the tradable sector the productivity of imported capital



obtained,

Ẏ = FKI + FLL̇ +

(
δa

1 + δa
+ Fx

)
Ẋ + (1 + ηa)FKMk. (4)

The following is the last assumption about the production function,

N = F (Kn, Ln, X) = Xθa

φ(Kn, Ln), θa ∈ [0, 1].

φ represents a linear homogenous function. θa represents the degree of externality

effect of productivity spillover from tradable to non-tradable sectors which is a main

concern in this paper. The marginal productivity of tradable sector’s outputs X in the

non-tradable sector is then,

FX = θa

(
N

X

)
= θa (N/Y )

(X/Y )
= θa 1 − (X/Y )

(X/Y )
=

θa

X/Y
− θa.

Following Feder (1983), in the second term in the right hand side of equation (4)

we assume a linear relationship between the marginal productivity of labor and the

average productivity of labor, that is FL = λa(Y/L). Putting these together with

equation (4) and transforming it into the growth rate term, the following equation of

GDP growth rate is obtain,

Ẏ

Y
= FK

(
I

Y
+

Mk

Y

)
+ λa L̇

L
+
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1 + δa

X

Y

Ẋ

X
+ θa N

Y

Ẋ

X
+ ηaFK

Mk

Y
. (5)

Equation (5) will be used for estimating the parameters in the later sections.4 The

interpretation of the equation (5) is as follows: the rate of GDP growth is composed

of the contribution of factor accumulation (capital and labor), and the efficiency gains

from shifting factors from the non-tradable sector to the tradable sector. The efficiency

gains have two different sources: one comes from the resource reallocation between low

(non-tradable) productivity and the high productivity (tradable) sectors, and the other

4Alternative specification for equation (5) is; Ẏ
Y = FK

I
Y +λa L̇

L + δa

1+δa
X
Y

Ẋ
X +θa N

Y
Ẋ
X +(1+ηa)FK

Mk

Y .
Estimation results of this specification do not affect the other coefficients estimated much, but worsen
the overall results. So we don’t report the results of this alternative specification.
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comes from the productivity spillover effect of tradable sector to non-tradable sector.

The former effect is captured by δa and ηa and the latter is by θa. Unlike the existing

literature, our main purpose is to observe θ, not δ.

However, equation (5) has a problem for estimation. As Alexander et al. (1996)

point out, equation (5) is non-linear in δ. Hence, even if the estimated coefficient,

δ/(1 + δ) − θ, is an unbiased estimate, the derived δ is biased although consistent since

the expected value of a non-linear function is not the non-linear function of the expected

value. The problem of non-linearity is discussed and solved in the next section.

2.2 Intermediate Goods Import

The other carrier of technology across borders through international trade is interme-

diate goods imports. Since it is difficult to combine capital import framework together

with intermediate framework, we instead argue each framework separately. In this

subsection we analyze technology spillover effects between sectors formulating inter-

mediate goods import framework.

In the intermediate goods framework, the exportable sector can import intermediate

goods instead of capital goods.

N(t) = F (Kn(t), Ln(t), Vn(t), X(t)) (6)

X(t) = G(Kx(t), Lx(t), Vx(t), Vm(t)), (7)

where Vn, Vx are intermediate goods produced domestically and used for non-tradable

and tradable sectors respectively. Vm is imported intermediate goods used for tradable

sector. It should be noted that N(t) and X(t) represent outputs, not value added, of

non-tradable and tradable sectors, respectively. Other variables are the same as in

the capital import case. The superscript “b” indicates the parameters of intermediate

goods import framework. The productivity differential assumptions are the same as
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Taking derivative with respect to time, t



difference between domestic and imported intermediate goods, i.e., ηb > 0, the size of

coefficient depends on the relative size of pv and pm. However, if domestic marginal

productivity is less than foreign marginal productivity, that is, ηb > 0, and if both

markets are perfectly competitive and there are no trade barriers, the price of imported

intermediate pm must be less than the price of domestic intermediate pv. In this case,

the size of coefficient of the last term becomes large. However, whether the coefficient

is also small or large crucially depends on policy induced distortion that affect both

domestic and import prices of intermediate goods. Even if the productivity differential

(ηb) is large, for example, industrial policy that subsidizes domestic intermediate sectors

reduces the price of domestic intermediate goods, pv. In this case, the estimated

coefficient may be small. Hence if estimated coefficient is large, we interpret this term

as the effect of intermediate goods import on the growth rate. On the other hand,

if coefficient is small, we have two different interpretations; One is that the effect of

intermediate imports on the economic growth is small. The other one is that a strong

industrial policy may distort the price system.

3 Data

The data used for estimation were collected for 51 countries over 24 years (1968 to

1992). 51 countries include 19 OECD member countries and 32 developing countries.

The classifications of high and low income countries by region follow the World Bank,

World Tables. Country classification is shown in Appendix Table 1.

The data on GDP, investment, population, price indices of capital good were ob-



XT International Trade Data Search System provided by the Institute of Developing

Economies, Tokyo. Capital imports goods consist of SITC 7 (machinery and trans-

portation equipment), and intermediate imports consist of SITC 5 (chemical products

and SITC 6 (products classified by materials).

To transform international trade data from nominal term into real term, we used

export and import price indices which were obtained from the International Monetary

Fund (IMF), International Financial Statistics, various issues.

Since international trade data fluctuate greatly every year especially in developing

countries, we took three-year moving average on all variables for getting meaningful

results.

4 Parametarization and Estimation

By adding constant term, c, and well-behaved error term, ε, on the equation (5), we

get following equation:

y = c + α1 (sI + sMk) + α2l + α3sXx + α4sNx + α5sMk + ε (13)

where y = Ẏ /Y , sI = I/Y , sMk = Mk/Y , l = L̇/L, sX = X/Y , sN = N/Y , x = Ẋ/X,

and the parameters to be estimated are α1 = FK , α2Tf 8.084 1.794 Td[(=)]TJ/F20 11.955 Tf 12.457 0 Td[(F)]TJ/F35 7.97 T0



The effect of capital import ηa can be estimated from dividing α5 by α1. ηa is also



If we focus on the size of productivity spillover θa, which is equal to α4, we find that

all sample have positive and statistically significant effects and that OECD19 sample

has very high θa but developing samples do not.

Results of intermediate import model in Table 1 show that for all 51, developing 32

and OECD19 samples have all positive estimated coefficients which are consistent with

the hypotheses. Furthermore, almost all estimates are statistically highly significant.

Calculated δb says that OECD19 sample has higher δ than Developing 32 sample but

the latter is not significant. θb is higher in the OECD sample than in developing sample

but again estimated θb



6 Test of Poolability - Was East Asia different from

others?

In the previous section, we estimated both capital and intermediate goods imports

equations using pooled data and found that the intermediate goods imports model fit

the data very well while the capital import model does not. In this section we describe

the methodology to analyze the structural similarities of East Asia countries and dis-

cuss the results. We have two questions. First, when we say “East Asia countries,”

can those countries actually be regarded as one group? Second, if some Asian coun-

tries may form a group, which countries belong and does that group have a distinct

economic structure?. The poolability test is applied for these purposes. This test is

essentially a Chow test, extended to the case of N linear regressions. To test the

poolability of the data, we estimate unrestricted and restricted regression equations

and test the corresponding F value. For our purposes, we use these F test procedures

for every combination among East Asia 7 countries, ie, 120 regressions for each model.

Appendix C explain the detailed procedures.

The results of the stepwise poolability test, classified by the parameter θ, show

the following (See Appendix Table 2 for details): In capital import framework, the

test concludes that Hong Kong, South Korea, Taiwan, Singapore and Thailand have

statistically (25% of F test) same estimated parameter θ while in the intermediate

import framework, Hong Kong, South Korea, Taiwan and Thailand form one group in

terms of the statistical similarity of parameter θ.

Table 3 shows the results of regressions conducted on East Asian groups. While

the results of the capital import model have estimated coefficients which have opposite

expected signs (α1, α2, and α5), the intermediate import model has all expected signs of

parameters and 4 parameters out of 5 are highly significant. Calculated δb for East Asia

is 0.574, which is much higher than the developing country sample estimate of 0.094
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of intermediate goods increase economic growth in all samples.

(3) The parameter estimate for the productivity spillover effect (θ) between the trad-

able and non-tradable sectors is positive and highly significant for all samples

in the capital import model. The all-countries sample and the developed sample

have positive and highly significant effects on economic growth in the intermediate

imports framework.

(4) The productivity spillover effect in developed countries is much greater than that

in developing countries in both the capital and intermediate imports frameworks.

(5) The effect of intermediate goods imports (η) in developing countries is greater

than that in developed countries. This implies that there may be a large quality

gap between imported and domestic intermediate goods in developing countries.

(6) According to the poolability test for East Asia 7 countries, only Hong Kong,

Korea, Taiwan, and Thailand can be regarded as one group with respect to the

productivity spillover effect θ in the intermediate goods framework, i.e., they have

statistically identical estimates of the structural parameter θ.

(7) In the intermediate goods framework, the group of East Asia 4 has greater pro-

ductivity differentials and spillover effects, and a lower intermediate goods effect

compared to the developing and developed groups. A high productivity differen-

tial (δ) implies the existence of the allocative distortions in the market.

(8) East Asia 4 has statistically different parameter estimates of θ than the parameter

estimates of θ for the group of all other countries, and the group of developing

countries. This suggests that East Asia 4 experienced larger productivity spillovers

in the 1970s and 1980s.
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Although, as we have seen, productivity differentials of tradable and non-tradable

sectors (δ) and between imported and domestic capital or intermediate goods (η) are

sources of economic growth, these differentials come from the misallocations of the

factors. In other words, as a source of economic growth, productivity differentials are

unsustainable engines of growth. Thus, in the long run, the effects of productivity

differentials may diminish as an economy grows. On the other hand, the benefits of

productivity spillover effects can continue after the misallocations are resolved. In this

sense, policies that enhance this spillover are crucially important for economic growth

in any country. Spillover effects occur though both forward and backward linkages of

industries. However, theoretical and empirical investigations of this linkage mechanism

would serve as a valuable extension to the present study.
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Appendix



where Z ′ = (Z ′
1, Z ′

2, ....., Z ′
N) and u′

i = (u′
1, u′

2, ......, u′
N).

Under the null hypothesis H0 : γi = γ for all i, we can test using the following F

ratio;

F =
(S2 − S1)/(2N − 1)

S1/(
∑
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