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TECHNOLOGY DIFFUSION, HUMAN CAPITAL AND ECONOMIC
GROWTH IN DEVELOPING COUNTRIES

Jorg Mayer

United Nations Conference on Trade and Development (UNCTAD)

Abstract

This paper (i) uses a newly constructed dataset on machinery imports from both developed and
developing countries with significant domestic R& D expenditure to assess technology transfer to
developing countries, and (ii) employs a cross-country, growth-accounting framework to analyse
the impact of machinery imports, in association with human capital stocks, on economic growth.
The findings suggest that machinery imports by developing countries have been higher over the past
few years than during the 1970s and 1980s, and that such imports from technologically more
advanced developing countries have gained considerably in importance. The growth-accounting
results suggest that machinery imports combined with human capital stocks have a positive and
statistically strongly significant impact on cross-country growth differences in the transition to the
steady state. This gives support to earlier findings in the literature which suggest that the main role
of human capital in economic growth isto facilitate the adoption of technology from abroad, rather
than to act as an independent factor of production.

[.  INTRODUCTION

Recent advances in the theory of endogenous technological progress have led to renewed
interest in the relation between trade, technological change, human capital and economic growth. A
number of studies have identified channels through which productivity levels of countries are
interrelated, emphasizing the role of internationa trade. Coe and Helpman (1995), Coe et a. (1997)
and Keler (1998), for example, consider foreign trade as a carrier of knowledge and assess the
importance of imports in introducing foreign technology into domestic production and spurring total
factor productivity. They conjecture that a country that is more open to machinery and equipment
imports derives a larger benefit from foreign research and development (R& D), and show empirically
that countries that have experienced faster growth in total factor productivity have imported more from
the world's technology |eaders.

A smilar reasoning underlies Benhabib and Spiegd (1994), who focus on the role of human

capital in economic development and interpret cross-country differences in the level of human capital



as differences in technology. The results of their cross-country, growth-accounting exercise suggest
that the role of human capital in economic growth is one of facilitating the adoption of technology from
abroad and the creation of appropriate domestic technology. This contrasts with studies based on the
human-capital-augmented Solow model (such asin Mankiw et d., 1992), which treat human capita as
a separate factor of production.

The main purpose of this paper is to combine these two strands of the literature by refining the
indicator which Coe et d. (1997) use to measure technology transfer, and using the refined indicator in
combination with human capital stocks as a measure for changes in total factor productivity in a cross-
country growth regression, following Benhabib and Spiegel (1994). In addition, the paper assesses
whether, on such a refined measure, technology transfer to developing countries has increased over
the past few years, as might be expected given the rising integration of national economies.

The structure of the paper is as fdlows. Section Il presents the theoretical framework regarding
the impact of technology imports and skill accumulation on economic growth, where the combination of
technology imports and level of human capitd is modelled as determining total factor productivity.
Rivera-Batiz and Romer (1991) outline two channels for the transfer of technological knowledge: (i)
the transmission of ideas which can be traded independently from goods, and (ii) the trade of capital
goods that embody new knowledge. International knowledge flows raise growth in both models, but
this paper will emphasize the second channel, i.e. knowledge transfer which is embodied in machinery
and equipment imports. Section 1l1 analyses the development during 1970-1998 of machinery and
equipment imports by developing countries from both developed and developing countries with
sgnificant domestic R&D spending, where the latter group will be caled “technologicaly more
advanced developing countries’. Section IV employs the model in section 11 in a cross-country growth-
regression framework for the 1970-1990 period, and section V provides some concluding remarks.
The Appendix to this paper discusses data sources and coverage, and the Annex reports the results of

the main regressions for the period up to 1997.

1. HUMAN CAPITAL, TECHNOLOGY IMPORTSAND ECONOMIC GROWTH

A number of recent studies on the determinants of economic growth highlight the importance of
total factor productivity, such as Easterly and Levine (2000), who explain that the salient features of
countries growth experience cannot be explained by factor accumulation alone. Severa factors
impact on changes in tota factor productivity, including changes in technology and externdities,

changes in the sectora composition of production, and organizational changes such as the adoption of



lower cost production methods. It is likely that among these factors the improved access to knowledge
capital, that has come about with globalization, has had the most important influence over the past few
years.

An important characteristic of the role of foreign trade in the technologica catch-up of
developing countries is the complementary nature of technological change and human capita
formation. Acemoglu (2000) finds, for example, that technical change has been skill-biased over the
past 60 years. The level of education has a crucia impact on the growth of total factor productivity
because it determines the capacity of an economy to (i) carry out technological innovation (Romer,
1990a), and (ii) most importantly for developing countries, adopt and efficiently implement technology
from abroad. Economic historians also discuss globa growth in terms of the gradua diffusion of
technologicd innovations from a smal set of innovators to the much larger group of imitators
(Rosenberg, 1980). They thereby oppose the polar positions of standard neoclassical growth theory,
that considers technology as both universally available and applicable, and early models of endogenous
growth theory, that attributes a country’ s technological progress only to its own innovations.

The combined role of human capita and technology upgrading for output generation can be
formalized by building on a model from Nelson and Phelps (1966). The model shows that the rate at
which technologica latecomers redlize technology improvements made in technologically advanced
countries is a positive function of their educationa attainment (H) and proportiona to the gap between
the technology level in advanced countries (T(t)) and their own (A(t)):

A _ 6T - AT ,
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Assuming that technology in advanced countriesimproves exogenoudy by j per cent each year, i.e.
T()=Toe" )

and that Ao=0, the implied equilibrium path of potentiad technologica development of a technological
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Accordingly, whereas in the long run the growth of technology settles down to a rate of n, in the
trangtion to the steady sate it is influenced by the level of human capital: the potentid level of
technology which is employed in a technologicaly backward country depends on its own educational
attainment H and the rate of technological progress in the advanced countries which becomes
available to the backward countries.’ This means that a greater supply of human capita will have no
effect on the level of output generated with conventional inputs unless new technology is introduced,
and skill accumulation will continue only when technical progressis sustained.

In the spirit of Romer (1990b), Benhabib and Spiegel (1994) extend the Nelson and Phelps
(1966) modd by adding an endogenous growth component g(H) — the level of human capital enhances
the ability of a country to develop its own technologica innovations — as a determinant of the growth of
total factor productivity:

Al _ g(H)+f (H)th) —_ A(t)g g’ (H)>0,f ' (H)>0 (4
At) e Al 0
They then employ this specification of growth in total factor productivity in a novel way in a cross-
country growth-accounting framework. Standard cross-country growth regressions augmented by
human capital — such as those in Mankiw et a. (1992) — specify an aggregate production function in
which per capita income in a given period t (Y;) is dependent on three input factors — labour (),
physical capital (K;) and human capital (H;). Using a Cobb-Douglas production function, Y=A; K& L’
H.%, and taking differences in the log of per capitaincome levels, the relationship for long-term growth
from time O to time T can be expressed as:
(log Yt —log Yo) = (log Ar —log Ao) + a (log Kt —log Ko)
+b (log Ly —log Lo) + g (log Hr —log Ho) + €

! In addition to low levels of education, the adoption of technology from abroad can be constrained by

several factors, including import regulations and restrictions; natural trade barriers, such as geographical
distance; high costs of firmsto invest in new technology, such as a cumbersome legal and regulatory framework;
high real interest rates and an unstable exchange rate, which do not enable potential investors to make long-term
plans; and the presence of a balance-of-payments constraint, i.e. a country cannot achieve export earnings that
fetch the foreign exchange which is required to pay for such imports. See Mayer (2000) for a discussion of these
issues as well as of the impact of trade integration associated with the bal ance-of-payments constraint on the
composition of a country’s production structure. The latter mechanism, as well as externalities and cost-saving
organizational changes, can also have an impact on changes in total factor productivity, but these effects will be
assumed to be negligible in what follows.



By contrast, Benhabib and Spiegel (1994) treat human capital as affecting productivity rather
than entering as an input factor, so that the Cobb-Douglas production function can be expressed as
Y=Ad(Hy) K& L&, Taki ng log differences, the relationship for long-term growth becomes:

(log YT —log Yo) = [log At (Hy) —log Ao (Hy)] + a (log Kt —log Ko) + b (log Ly —log Lo) + 6

The novelty of this mode is that part of it is specifically designed to capture the cross-country
variation in the growth of total factor productivity. Benhabib and Spiegel (1994) express the growth
rate of total factor productivity through their extenson of the Nelson and Phelps modd given in
equation (4). But diverging from Nelson and Phelps, who express T; as the exogenoudy growing
technology of advanced countries, Benhabib and Spiegel express T; as the technology level of the
world's leading country and measure the technology gap of country i with respect to the technology
leader as the ratio between the two countries per capita income multiplied by the lagging country’s
level of human capital averaged over the period 0to T, i.e.:

(log At(Hy) —log Ao(Hy))i = ¢ + gHi + mH; (Y mac— Yi) / Yi))

where ¢ stands for exogenous technological progress, gH; for endogenous technological progress
associated with the ability to innovate domesticaly, and mH; ((Yrex — Y) / YY) for the diffusion of
technology from abroad.

However, the term specifying the diffusion of technology from abroad can be expressed such
that it is directly related to technology transfer. Coe et a. (1977) and Bayoumi et a. (1999) use the
following equation to express a developing country’s level of total factor productivity:

log Av=a’+a’logS,+al" Mu+ai Hit m (6)

where i and t index countries and time periods, A is totd factor productivity, a is a country-specific
parameter, Sisthe R&D capital stock in the importing country’s trade partner, M is the GDP ratio of
machinery and equipment imports from countries with substantial domestic R& D expenditure in GDP,
H is educationa atainment, the superscripts 5 ™ and ™ are the marginal factor products, and mis an

error term.?

2 Coeet a. (1997) asoinclude country-specific time trends and fixed effects because they conduct a pooled

data estimation.



There has been some controversy on whether or not it is necessary to use bilateral import
weights for the measure of the foreign capital stock S (Keler 1998). Following a detailed andysis, Coe
and Hoffmaister (1999: 13) conclude that “regressions using a measure of foreign R& D capital based
on bilateral import weights or on a smple average ... tend to be quite similar”. They aso point out that
a “foreign R&D capita stock computed as the sum or average of other countries domestic R&D
capital can be thought of as a measure of the world R&D capital stock”. In other words, it matters for
a developing country how much technology it imports from the technologically more advanced
countries, but it is unimportant whether it imports 50 per cent from the United States and 30 per cent
from Japan, or the other way round. Following this reasoning, S will be interpreted here as the world
technology stock, which is equa for al developing countries and can thus be diminated from the
equation.

It has been stressed above that there might be important interactions between technology
imports and educationa attainment, because imports of machinery and equipment boost productivity
only when the economy has an educationa attainment that is high enough to alow for an efficient use
of the imported technology. This means that as an alternative to equation (6), a developing country’s
level of total factor productivity can be expressed as.

log A=a’+al' M+al Hita™ HM + m) )

If the estimated coefficient on the interaction of trade with educational attainment is positive (a;"™ >0),
then the higher is the country’s educationa attainment, the larger is the effect of a given GDP ratio of
imports of machinery and equipment on domestic productivity.

Following the reasoning of Benhabib and Spiegel (1994) as expressed in equation (4) — but (i)
measuring the technology-transfer term on the basis of the interaction between human capital and the
GDP ratio of machinery and equipment imports, such as in Coe et a. (1997) and Bayoumi et 4.
(1999), and (ii) assuming that the impact of domestic R&D on total factor productivity is negligible in
developing countries — a developing country uses its human capitd exclusively to implement imported
technology. As a reault, the level of total factor productivity is determined solely by the interaction
between the country’s human capital and its GDP ratio of machinery and equipment imports, i.e.:

log Ai=a’+a™ HM; + m ®



Expressing the adjusted equation (6) and equations (7) and (8) in terms of changes between time 0 and
time T and inserting them into equation (5) gives the following testable equations:

Modd 1:
(logY; —10gY )= ao*ai(Hr —Ho ) +a(M+—Mo),
+as(log K; —logK, ) +a,(logL; —logL, ) +e ©)
Mode 2:
(logY, —logY, )= aotai(Hr—Ho )+ a(M+ =M, ) +a;(HM), —(HM),),

+a,(logK; —logK, ) +as(logL; —-log L, ) +e (10
Model 3:
(logY; —logY,),= ap*a:((HM); —(HM),),
+a,(logK; —logK, ), +as(logL; —logL, ) +e (12)

Considering imported capital equipment as part of total factor productivity in growth accounting
is related to the issue of what technologica change in capital goods means for productivity. In studying
growth in the United States, Greenwood et al. (1997) attribute as much as 60 per cent of total factor
productivity growth to new technology embodied in capita equipment, while Hulton (1992) estimates
this contribution to be a more modest 20 per cent. In any case, these studies indicate that a substantial
part of productivity gains are related directly to new technology embodied in capitd equipment.
Focusing on developing countries, De Long and Summers (1993) use the share of equipment importsin
GDP to predict equipment investment and show that there is a strong correlation between equipment
investment and growth in total factor productivity. An important consequence for growth-accounting in
developing countries is that imported capital equipment can be considered as more productive than
existing domestic capital stocks. This means that imported capital equipment can be used as an indirect
measure of changes in tota factor productivity, while investment goods of different generations in the
existing domestic capital stock may be considered as differing only by some fixed factor of
depreciation associated with wear, tear and retirement. Productivity increases due to imported capital
equipment may encourage domestic capital accumulation, but this effect is assumed to be negligible in
this paper. To the extent that this spillover effect is of significant importance, it will cause the growth
effect of machinery imports to be underestimated in the empirical analysis of the following section.

It could be argued that the above relationships are subject to the problem of reverse causdlity.

For example, developing countries are generally assumed to be finance constrained, so that low growth



could lead to low levels of domestic savings and thereby to constraints on the countries capacity to
import capital equipment. But even if domestic savings are sufficient to finance al the needed imports
of capita equipment, a developing country will sill be unable to undertake these imports if it does not
earn the foreign exchange to pay for the imports required. Given that foreign exchange earnings
depend on export performance rather than economic growth, this potential channel of reverse causality
is likely to be of little importance for developing countries. Reverse causdity could arise dso from the
fact that poor countries tend to resort to tariffs to raise revenue more frequently than rich countries
because their tax systems are not well developed. Such tariffs often focus on machinery imports
because they are pure revenue taxes. However, over the past few years there has been a general
tendency in developing countries towards greater trade openness, accompanied by tariff reform
whereby the level of tariffs on machinery imports has generally declined. This implies that this potentia

channel of reverse causdlity has increasingly lost in importance.®

[11. MACHINERY AND EQUIPMENT IMPORTS:
SOME STATISTICAL EVIDENCE

The extent to which a country has accessed the world stock of technology is difficult to
measure. This section examines an indirect measure of technologica integration by looking a the
evolution of the GDP ratio of machinery imports during the period 1970-1998.* The group of 89
developing countries analysed in this section includes dl developing countries for which meaningful
data are available (see Appendix for the list of countries).

The andysis of technology imports builds on Coe et d. (1997), who provide evidence which
suggests that there is significant technology transfer from developed to developing countries. They
measure the stock of foreign technology which developing countries have accessed as the weighted
average of the domestic R& D capital stocks of their developed-country trading partners, with bilateral

machinery and equipment import shares serving as weights.

3 It should be noted that the problem of reverse causality in growth regressions most often regards the

relationship between growth and investment. Given that this paper applies capital stock data rather than
investment data, this potential channel of reverse causality does not apply.

4 Data on international patenting has been suggested by, for example, Eaton and Kortum (1999) as an
alternative road to identify international technology diffusion. However, given the lack of comprehensive data for
developing countries in this regard, such studies have typically been confined to technology diffusion among
the most devel oped countries.



The statistical analysis® in this paper differs from that in Coe et al. (1997) in three main respects.
Fird, the technology imports of developing countries are not weighted according to the domestic R& D
capital stock of the country’s trading partners, as discussed in section I1.

Second, due to data problems in the caculation of the foreign R&D capital stock, Coe et al.
(1997) do not take into account technology imports from other developing countries. However, such
imports are likely to be important for the technologically less advanced economies because technology
imports from technologically more advanced developing countries can be considered less sophisticated
than those from developed countries as they are likely to be of a lower technologicd level.
Accordingly, developing countries absorb technology imported from technologically advanced
developing countries more easily than technology imported from developed countries. Hence,
technology imports from those developing countries with — according to Coe et d. (1997) — significant
domestic R&D expenditure (see Appendix for the list of countries) will be examined in addition to
imports from developed countries.

Third, Coe et d. (1997) follow conventiona practice in the analysis of technology imports and
limit their analysis to aggregate data on machinery and transport equipment (i.e. section 7 of SITC
Rev. 2). By contragt, a finer data breakdown appears to be better suited to the purposes of this paper

for four reasons;

() Pats of such imports — most importantly, transport equipment, televison sets, etc., and
househol d-type equipment — are better classified as infrastructure capital or consumption, rather
than as capital equipment that embodies new technology.

(i) Aggregate data on machinery and transport equipment includes severa items which are
classfied as “parts and components’, and which developing countries import in order to re-
export them after adding comparatively little extra value. Regarding machinery, the vast magjority
of such trade concerns four items, namely parts of office machines, telecommunications
equipment, switch gear, and (of particular importance for the rapidly growing developing
countries in East Asia) transstors and semi-conductor devices, as discussed by Yeats (1998)
and Ng and Yeats (1999). These four items have aso been excluded from the category
“machinery” used in this paper (see Appendix for details).

> The analysis is based on mirror trade data, i.e. exports from country A to country B are considered as

imports of country B from country A. The reason for this that the availability and reliability of import data of
many developing countriesisvery poor.
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(i) Speciaized capital equipment will be singled out to see whether technology transfer has been of
a general-purpose nature or whether it has been sectorally biased (see Appendix for the division
between general-purpose and specialized technology).

(iv) A finer breakdown of technology imports allows to assess whether technology transfer in any
given sector to developing countries has been faster from the developed countries or from the

technologically more advanced devel oping economies.

Figure 1 shows that the weighted GDP ratio of machinery imports for the group of 89 developing
countries has been higher over the last few years than during the 1970s and 1980s, despite the sharp
drop after 1995 to its level during the second half of the 1980s.” The figure also shows that technology
imports from technologicaly more advanced developing countries have gained considerably in
importance, and that they now represent between one fifth and one fourth of al technology imports by
developing countries.

Figure 2 shows the weighted GDP ratios of selected sectora machinery imports. Textile and
leather machinery combined with metalworking machinery account for the bulk of specidized
machinery imports and — with a steep increase between the mid-1980s and the mid-1990s and a drop
after 1995 — both of these categories mirror the evolution of total machinery imports. Even though the
absolute importance of these imports from technologically more advanced developing countries
remains small, their proportiona change during the first haf of the 1990s is noteworthy: the GDP ratio
of both metalworking machinery and textile and leather machinery rose about fourfold between the
mid-1980s and the mid-1990s.

Figure 3 assesses the sectora bias of technology imports by plotting the ratio of sector-specific
to general-purpose technology imports. The sector-specific technology imports have been classified
according to the primary factors which are intensvely employed in their use: agricultura land
(agricultural machinery and tractors), mineral and fuel resources (metadworking machinery; and
congtruction, mining and meta-crushing machinery), low-skilled labour (textile and leather machinery),
agricultural land and skilled labour (food-processing machinery and paper and pulp-mill machinery),
and scale and skilled labour (printing and bookbinding machinery). The classification is partly based on
OECD (1992: 152). Like any such classification, it includes some arbitrariness.

6 In this paper, the term “general -purpose technology” relates to technology which can be used in various

industrial sectors. It therefore differs from the meaning in, for example, Bresnahan and Trajtenberg (1995), where
general-purpose technologies are characterized by an inherent potential for technical improvements and
innovative complementarities in addition to pervasiveness.

! This drop reflects a general slowdown of world trade caused initially by a sharp deceleration of import
growth in developed economies and then by the turmoil following the outbreak of the East Asian crisis.
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Figurel
GDP-ratio of machinery imports by developing countries, 1970-1998
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Source: Tradedatafrom COMTRADE, GDP-datafrom UNCTAD database.
Note: See appendix for the composition of country and product groups.

Figure2

GDP-ratio of selected specialized machinery imports by developing countries, 1970-1998
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Note: Theratios of agricultural machinery and tractors, paper and pulp machinery, printing and bookbinding
machinery, and food-processing machinery imports are not shown because they are very small.




Figure 3
Specialized and general-purpose machinery imports by developing countries, 1970-1998
£ 035
o
o
B
S
% 025 |+
T 020 |
8
<1
S 015
o
£ o010 | "
S ' DT — - S, N
()] - ~ — = S
2 005 | T e~ .
'9 --""""'-.._._ e e e m e e e m 7____?,? ... "-'E'-'.H';;';';;~---
§ 000 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998
- = = = Agriculture Mineral Low-skilled labour
------- Scale and skilled labour Resource and skilled labour

Source:. COMTRADE.

The figure shows that speciaized-technology imports have always been smal compared to
imports of general-purpose technology, and that this fraction has become even smaller over the past
few years: while the combined GDP ratio of specialized-technology imports from both developed and
technologically more advanced developing countries was dightly more than haf that of genera-
purpose technology imports, it fell to about one fourth during the 1990s. This drop in the combined ratio
was due to the drop in technology imports related to activities in the primary sector — both agricultural
and, in particular, mineral and fuel-based activities. Even though the comparatively low ratio of
agriculture-related technology is not surprising because of the well-known difficulties associated with
the applicability of agricultural technology across different climatic and soil conditions, its substantial
drop is noteworthy.

The ratio of skill-related technology imports has by and large remained constant, while that of
low-skilled labour-intensive technology imports strongly increased during the second haf of the 1980s,
before falling during most of the 1990s, as did technology imports related to the minerad and fuels
sector. This means that, for the group of developing countries as a whole, the sectoral bias of
technology imports was small and that it shifted from primary-sector-related to low-skilled labour-
intensive technology.

In addition to their GDP ratios, the evolution of technology imports can also be assessed by their
rate of growth compared to that of total imports. Table 1 presents data on total imports, as well as on
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imports with respect to the entire category “machinery and transport equipment” (rows 3, 16 and 29) —
the category analysed by Coe et ad. (1997) — and several subsections thereof, including the category
“machinery” (rows 7, 20 and 33) used in this paper. The table shows that during the 1990s the average
growth rate of the absolute vaue of machinery imports by developing countries from developed
countries fell dightly short of that of total imports from the latter country group (pand 1), while for
imports from technologically more advanced developing countries the former imports exceeded the
latter (panedl 11). Considering imports from the two country groups combined (pand 1), imports of
machinery and total imports by developing countries grew at the same rate. This contrasts with (i) the
1980s, when machinery imports from technologically more advanced developing countries also grew
faster than total imports — but such imports from both the group of developed countries aone and the
group of developed and technologically more advanced developing countries combined grew less than
total imports — and, in particular, with (ii) the 1970s, when the growth rate of machinery imports was
above that of total imports from both country groups aone, as well as from the two groups combined.
By contrast, the growth rate of imports in the category “machinery and transport equipment”
exceeded that of tota imports for al the periods and country groups. This rapid growth was driven by
the category “parts and components for electrical and electronic goods’ (rows 6, 19 and 32).

These results suggest that the measure used by Coe et al. (1997) both overestimates technology
transfer to developing countries because their measure includes categories which have no direct
impact on the level of technology of capita equipment in developing countries, and underestimates
such transfers because their measure excludes machinery imports from technologically more advanced
developing countries which, over the past few years, have grown significantly faster than machinery
imports from developed countries. To the extent that the consideration that in developing countries
imports of parts and components for eectrical and electronic goods serve as production inputs for re-
exports rather than as capital equipment is judtified, using the measure proposed by Coe et . (1997) in
the present paper will lead to an underestimation of the impact of technology transfer on growth in
developing countries.

Regarding speciaized technology imports (rows 8-14, 21-27 and 34-40), the results show that
the growth rates of most of these categories were substantialy below that of the category
“machinery” (rows 7, 20 and 33), which supports the finding of figure 1 that genera-purpose
technology congtituted the bulk of machinery imports by developing countries. Comparing the growth
rates reported in rows 8-14 with those in rows 21-27 reveals that technology imports related to
activities in the primary sector (i.e. agriculturd machinery, food-processing machinery, and
congtruction, mining and meta-crushing machinery) in al the subperiods grew faster from

technologically more advanced developing countries than from devel oped countries. This was aso



14

Tablel
I mports by developing countries, selected categories 1970-1998, average growth rates
(Percentages)
1970-1979 1980-1989 1990-1998
1. Total imports from world 111 34 7.7
I. Importsfrom developed countries, by category
2. Total 104 33 6.1
3. Machinery and transport equipment (section 7 of SITC Rev. 2) 12.3 34 7.1
of which:
4.  Transport equipment 133 -0.1 45
5. Technology-including consumption goods 11.3 19 -0.7
6. Parts and components for electrical and electronic goods 14.1 10.5 12.9
7. Machinery 11.5 29 59
of which:
8. Agricultural machinery 8.3 -8.3 1.0
9. Textile and leather machinery 37 9.3 -19
10. Paper and pulp mill machinery 89 4.7 7.6
11. Printing and bookbinding machinery 6.6 6.4 4.2
12. Food-processing machinery 9.3 0.1 3.7
13. Construction, mining and metal -crushing machinery 14.4 -74 32
14. M etalworking machinery 134 6.9 59
I1. Importsfrom technologically advanced developing countries, by category
15. Total 15.7 10.1 6.7
16. Machinery and transport equipment (section 7 of SITC Rev. 2) 21.7 16.1 10.6
of which:
17.  Transport equipment 25.7 11.3 9.0
18. Technology-including consumption goods 232 19.6 -1.3
19. Partsand components for electrical and electronic goods 30.3 20.2 16.2
20.  Machinery 16.4 15.2 8.3
of which:
21. Agricultural machinery 30.3 38 104
22. Textile and leather machinery 10.7 20.8 -5.0
23. Paper and pulp mill machinery 14.4 74 -55
24, Printing and bookbinding machinery 110 155 0.5
25. Food-processing machinery 23.0 38 3.7
26. Construction, mining and metal -crushing machinery 17.3 -0.8 11.9
27. M etalworking machinery 17.1 151 23
Il. Importsfrom both developed and technologically advanced developing countries, by category
28. Total 111 47 6.3
29. Machinery and transport equipment (section 7 of SITC Rev. 2) 12.8 4.8 7.8
of which:
30. Transport equipment 13.7 0.9 51
31. Technology-including consumption goods 124 6.4 -0.9
32.  Partsand components for electrical and electronic goods 15.1 12.0 13.8
33.  Machinery 11.7 4.0 6.3
of which:
34, Agricultural machinery 9.1 -7.1 2.2
35. Textile and leather machinery 39 10.2 -2.2
36. Paper and pulp mill machinery 9.1 4.9 6.3
37. Printing and bookbinding machinery 6.7 6.8 4.0
38. Food-processing machinery 9.9 04 3.7
39. Construction, mining and metal-crushing machinery 145 -7.0 41
40. M etalworking machinery 135 74 56

Source: Total imports from world from UNCTAD database; all other datafrom COMTRADE.
Note: Growth rates based on imports expressed in constant 1995 US dollars. The implicit GDP deflator
between GDP expressed in current US dollars and that expressed in constant 1995 US dollars was used

as deflator. See Appendix for the composition of country and product groups.
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true for the other categories regarding the periods 1970-1979 and 1980-1989, while the opposite holds
for the 1990s.

Turning to country-specific evidence, table 2 suggests that the GDP ratio of machinery imports
increased in relatively few developing countries between the 1970s and the 1990s. The GDP ratios of
machinery imports from developed countries increased by more than 1 percentage point in only 16 of
the 89 countries (and by more than 2 percentage points in nine of these 16 countries), while they fell by
1 percentage point or more in 14 countries (and by 2 percentage points or more in six of these 14
countries). However, apart from a number of very smal countries (Comoros, Equatoriad Guinea,
Guyana, and Sao Tome and Principe), countries with a large GDP (such as China, India, Indonesia,
Mexico, Thailand and Turkey) are among those whose GDP ratio of machinery imports rose most.
This explains the more positive evidence discussed above on the basis of weighted averages (figure 1).
It is aso noteworthy that there is no country for which the ratio between machinery imports from
technologically more advanced developing countries and from developed countries fdl; this confirms
the evidence presented above regarding the increasingly important role of machinery imports from
technologically more advanced developing countries.

To understand the reasons for the cross-country discrepancies in the GDP ratio of machinery
imports, it may be helpful to look for correlations across developing countries between the change in
the GDP ratio of machinery imports between the 1970s and the 1990s and variables which come
readily to mind as influencing such imports: investment, factor combinations and geographical location
which are conducive to industria development, and the availability of foreign exchange to pay for such
imports. From a methodological point of view, a pairwise correlation anayss is preferable to an
analysis which combines the variables in multiple regressions because of endogeneity problems.

For this purpose, the set of 89 countries was modified by omitting the two countries for which
comprehensive data for the 1970s were not available (Angola and Mozambique) as well as the seven
countries (Comoros, Equatoriad Guinea, Guyana, Hong Kong (China), Maaysia, Seo Tome and
Principe, and Singapore), for which the absolute difference in machinery imports between the 1970s
and 1990s was significantly above that of the other countries, and which may therefore be considered
satistical outliers. The first column of table 3 reports the coefficients of correlation (R) across the 80
remaining countries between 13 variables and the absolute discrepancy in the GDP ratio of machinery
imports between the two periods 1990-1998 and 1970-1979 (or, as indicated for seven variables, the
absolute level of the GDP ratio of machinery imports during 1990-1998). A glance down the column
reveds that the sign of only one of the corrdations (with externa debt) is contrary to expectations,

indicated by square brackets around the number.
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Table2

Share of machinery importsin GDP, individual developing countries, 1970-1998

(Percentages)

Imports from

Developed Advanced
countries developing

Developed Advanced
countries developing

Developed Advanced
countries developing

economies Ratio economies Ratio economies Ratio
(1) (2 /1) (3) (4) @G (5) (6)  (6)/(5)
1970-1979 1980-1989 1990-1998
Afghanistan 0.8 0.1 0.1 1.0 0.1 0.1 0.5 0.4 0.8
Algeria 6.9 0.0 0.0 3.3 0.0 0.0 3.3 0.1 0.0
Angola NA NA NA 3.1 0.2 0.1 4.5 0.5 0.1
Argentina 1.2 0.1 0.1 1.2 0.1 0.1 1.0 0.3 0.3
Bangladesh 0.6 0.1 0.2 0.9 0.3 0.4 0.7 0.7 1.0
Benin 2.3 0.1 0.0 2.7 0.1 0.0 1.8 0.7 0.4
Bolivia 3.2 0.9 0.3 1.6 11 0.7 2.1 1.6 0.8
Brazil 1.6 0.0 0.0 0.8 0.0 0.0 1.0 0.1 0.1
Burkina Faso 2.0 0.0 0.0 2.1 0.0 0.0 2.1 0.0 0.0
Burundi 1.1 0.0 0.0 1.8 0.0 0.0 17 0.1 0.1
Cameroon 2.8 0.0 0.0 2.5 0.0 0.0 1.6 0.1 0.0
Central African Rep. 1.9 0.0 0.0 1.6 0.1 0.0 1.4 0.1 0.0
Chad 1.2 0.0 0.0 1.0 0.0 0.0 1.3 0.0 0.0
Chile 2.2 0.3 0.1 2.8 0.4 0.1 3.7 0.7 0.2
China 0.4 0.0 0.0 15 0.1 0.1 2.2 0.3 0.2
Colombia 2.4 0.1 0.1 2.3 0.2 0.1 2.4 0.3 0.1
Comoros 4.0 0.0 0.0 6.6 0.1 0.0 8.0 0.2 0.0
Congo 4.8 0.0 0.0 5.2 0.2 0.0 5.6 0.1 0.0
Congo (Dem. Rep. of) 1.9 0.0 0.0 2.1 0.1 0.0 1.3 0.1 0.1
Costa Rica 4.2 0.2 0.1 2.9 0.4 0.1 3.7 0.6 0.2
Cote d'lvoire 4.3 0.1 0.0 2.4 0.1 0.0 2.3 0.2 0.1
Dominican Republic 3.2 0.1 0.0 3.4 0.3 0.1 3.7 0.3 0.1
Ecuador 4.3 0.3 0.1 3.2 0.3 0.1 3.6 0.5 0.1
Egypt 3.8 0.1 0.0 6.3 0.2 0.0 4.4 0.3 0.1
El Salvador 3.2 0.1 0.0 2.5 0.2 0.1 2.6 0.3 0.1
Equatorial Guinea 3.5 0.0 0.0 7.9 0.2 0.0 8.1 0.3 0.0
Ethiopia 1.5 0.1 0.1 2.2 0.1 0.1 2.9 0.3 0.1
Gabon 5.0 0.0 0.0 3.7 0.0 0.0 3.4 0.1 0.0
Gambia 3.9 0.1 0.0 4.8 0.5 0.1 35 0.6 0.2
Ghana 3.4 0.1 0.0 25 0.2 0.1 4.6 0.5 0.1
Guatemala 2.4 0.1 0.0 1.6 0.2 0.1 2.4 0.4 0.2
Guinea 1.7 0.0 0.0 3.0 0.1 0.0 2.2 0.2 0.1
Guinea-Bissau 3.5 0.0 0.0 7.4 0.3 0.0 4.0 0.2 0.1
Guyana 8.7 0.1 0.0 9.1 0.5 0.1 13.2 15 0.1
Haiti 3.1 0.0 0.0 3.4 0.1 0.0 1.3 0.1 0.1
Honduras 4.1 0.2 0.1 2.8 0.2 0.1 4.9 0.7 0.1
Hong Kong (China) 4.7 0.6 0.1 6.0 2.0 0.3 7.2 5.6 0.8
India 0.6 0.0 0.0 1.0 0.0 0.0 1.3 0.2 0.1
Indonesia 2.8 0.1 0.0 2.3 0.3 0.1 3.7 0.6 0.2
Iran (Islamic Rep. of) 3.9 0.0 0.0 1.6 0.1 0.0 2.9 0.2 0.1
Iraq 3.9 0.1 0.0 4.9 0.2 0.0 0.7 0.1 0.1
Jamaica 3.6 0.0 0.0 4.0 0.2 0.1 4.2 0.3 0.1
Jordan 6.0 0.1 0.0 6.6 0.4 0.1 5.7 0.8 0.1
Kenya 3.9 0.2 0.0 3.2 0.3 0.1 3.5 0.5 0.1
Korea (Rep. of) 4.4 0.0 0.0 4.0 0.1 0.0 4.2 0.3 0.1
Kuwait 2.8 0.1 0.0 4.0 0.2 0.0 3.3 0.2 0.1
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Table 2 (concluded)

Share of machinery importsin GDP, individual developing countries, 1970-1998
(Percentages)

Imports from

Developed Advanced
countries developing

economies Ratio

Developed Advanced
countries developing

economies Ratio

Developed Advanced
countries developing

economies Ratio

(1) 2 @11 (3) 4 @A ©) (6 (65
1970-1979 1980-1989 1990-1998

Libya 4.5 0.0 0.0 4.0 0.1 0.0 3.1 0.2 0.1
M adagascar 19 0.0 0.0 2.2 0.0 0.0 22 0.2 0.1
Malawi 24 0.0 0.0 1.9 0.1 0.0 1.9 0.2 0.1
Malaysia 3.8 1.6 0.4 4.3 25 0.6 8.0 5.8 0.7
Mali 2.3 0.0 0.0 2.6 0.1 0.0 2.7 0.2 0.1
Mauritania 5.3 0.2 0.0 6.4 0.2 0.0 6.1 0.3 0.0
Mauritius 3.8 0.3 0.1 3.1 0.6 0.2 3.6 0.8 0.2
Mexico 17 0.1 0.0 2.6 0.1 0.0 37 0.2 0.0
Morocco 3.3 0.0 0.0 3.2 0.0 0.0 35 0.1 0.0
Mozambique NA NA NA 2.7 0.4 0.1 3.0 0.2 0.1
Myanmar 1.9 0.1 0.1 1.9 0.2 0.1 0.2 0.2 1.4
Nepal 0.4 0.3 0.6 0.9 0.5 0.5 1.0 1.0 1.0
Nicaragua 3.3 0.1 0.0 2.3 0.4 0.2 4.2 0.5 0.1
Niger 2.0 0.0 0.0 2.3 0.0 0.0 15 0.1 0.1
Nigeria 2.3 0.1 0.0 2.6 0.2 0.1 4.0 0.5 0.1
Pakistan 2.2 0.0 0.0 24 0.3 0.1 25 0.7 0.3
Papua New Guinea 4.2 0.1 0.0 4.7 0.7 0.1 4.0 1.0 0.3
Paraguay 15 1.8 1.2 1.2 14 12 2.6 2.3 0.9
Peru 24 0.1 0.1 2.3 0.3 0.1 14 0.3 0.2
Philippines 3.6 0.2 0.1 25 0.4 0.1 4.4 11 0.3
Rwanda 1.0 0.0 0.0 1.3 0.0 0.0 0.9 0.1 0.1
Sao Tome 2.3 0.0 0.0 5.5 0.1 0.0 11.4 0.5 0.0
Saudi Arabia 3.2 0.1 0.0 4.6 0.2 0.0 35 0.3 0.1
Senega 34 0.0 0.0 35 0.1 0.0 3.2 0.1 0.0
Sierra Leone 2.7 0.0 0.0 2.2 0.1 0.0 3.0 0.3 0.1
Singapore 15.3 0.8 0.1 16.9 1.9 0.1 15.8 3.9 0.2
Somalia 4.1 0.0 0.0 5.2 0.1 0.0 13 0.2 0.1
Sri Lanka 1.6 0.3 0.2 2.9 0.8 0.3 2.2 1.2 0.5
Sudan 2.3 0.1 0.0 1.7 0.1 0.1 15 0.5 0.3
Syria 4.0 0.1 0.0 2.0 0.1 0.0 15 0.2 0.1
Taiwan Prov. of China 5.7 0.1 0.0 4.9 0.2 0.0 4.8 0.6 0.1
Tanzania(United Rep. of) 34 0.2 0.1 3.1 0.2 0.1 3.0 0.4 0.1
Thailand 3.2 0.3 0.1 3.0 0.6 0.2 5.6 14 0.3
Togo 5.2 0.0 0.0 3.7 0.1 0.0 2.7 0.5 0.2
Trinidad and Tobago 4.9 0.1 0.0 3.8 0.1 0.0 5.5 0.2 0.0
Tunisia 5.1 0.0 0.0 5.5 0.0 0.0 5.9 0.2 0.0
Turkey 1.8 0.0 0.0 2.2 0.0 0.0 31 0.1 0.0
Uganda 0.6 0.0 0.1 0.8 0.1 0.1 14 0.2 0.1
United Arab Emirates 5.4 0.1 0.0 4.3 0.3 0.1 6.4 1.0 0.2
Uruguay 12 0.6 0.5 1.2 0.8 0.7 1.6 11 0.7
Venezuela 45 0.2 0.0 34 0.1 0.0 3.8 0.3 0.1
Zambia 4.4 0.2 0.0 4.4 0.2 0.0 3.6 0.2 0.0
Zimbabwe 0.0 0.0 0.0 1.6 0.0 0.0 31 0.2 0.1
MEDIAN 3.2 0.1 2.8 0.2 2.9 0.3

Sourcee  COMTRADE except for total imports which are from UNCTAD database.



Table3
Factors associated with variation among developing countriesin technology imports

Means of explanatory variables for countries with:

Correlation (R) with Prop. difference Proportional No P-value of P-value of
absol ute discrepancy more than decline by significant t-test of t-test of
between machinery double and/or more than change difference difference
imports during 1990-98 abs. diff. over 25 per cent of means of means
and during 1970-79 2 percentage points
Explanatory variable (“good (“ poor (“ average (good vs. poor  (good vs. average
(number of countries, if < 80) performers”) performers’)  performers’) performers) performers)
@ @) ©) 4 ®) (6)
. Investment and risk
Gross domestic investment (% of GDP), 1990-1998 (75) 0.56" 24.1 16.9 20.2 0.01 0.04
Change in gross dom. investment, 1990s - 1970s (69) 0.53 4.0 -7.9 -04 0.00 0.02
Risk index 1995 (ICRG): high = good (68) 052% 66.1 51.9 63.2 0.00 0.28
Inflows of FDI (% of GDP), 1990-1998 (78) 0.37% 17 05 15 0.00 [0.55]
Change in inflows of FDI (% of GDP), 1990s - 1970s (51) 0.41 17 -0.3 0.7 0.00 0.06
. Factor endowment and geogr aphy
Square km of land per 100 workers, 1995 (74) -0.16 32 5.6 6.9 0.20 0.03
Y ears of schooling, 1995 (74) 0.44% 52 37 45 0.02 0.25
Population ('000), 1995 0.19 167696 28158 21706 0.14 0.12
Mineral reserves ($mn/100 sgq km), 1990 (74) 0.31 21.8 19 4.3 0.03 0.06
Distanceto closest major port (km) (75) -0.25 5285 4667 4884 [0.38] [0.46]
. Balance-of-payments constraint
External debt (% of GDP), 1990-1997 (78) [0.10% 575 112.3 102.4 0.04 0.01
Prop. changein capacity to import, 1990s/ 1970s (68) 043 49 17 21 0.02 0.03
Abs. changein level of exports (mn 1995-US$), 1990s - 1970s (68) 0.30 22600 5900 5150 0.13 0.11

Source: SeeAppendix.

Note: Square brackets around an R-value or P-value indicate that the direction of relationship is contrary to expectations. The “good performers’ group includes 16 countries, the “poor
performers’ group includes 13 countries, and the “average performers’ group includes 51 countries. The superscript a indicates that the R-value refers to the relationship

between the variable and the level of machinery imports during the 1990s.
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The first five rows of the column (panel A) show positive relationships between the size of the
change in GDP ratios of machinery imports and measures of investment and investment climate: the
average share of gross domegtic investment in GDP in the 1990s; its absolute increase between the
1970s and the 1990s; the December 1995 vaue of the index of the international country risk guide
(ICRG), which reflects the risk perception of international investors; the average GDP ratio of inflows
of foreign direct investment (FDI) in the 1990s; and the change of this ratio between the 1970s and the
1990s. The link between domestic investment and the investment climate on the one side and
machinery imports on the other is straightforward, as imported capita equipment is put to productive
use through investment. Regarding FDI, such inflows are widely expected to play a substantia role in
the internationa diffusion of technology. However, the extent to which inward FDI is associated with
technology diffusion in the form of machinery imports depends very much on the kind of FDI: in the
case of greenfield investment it is likely to lead to machinery imports in the same year the investment
is undertaken, while anecdotal evidence suggests that FDI in the form of mergers and acquisitions is
associated with machinery imports only after a lag of severd years, or sometimes not at all.
Unsurprisingly, the correlation coefficients in panel A are the highest of dl, even though the correlaion
between inward FDI and machinery imports is comparatively weak.

The sdlection of endowment-related and geographical variables in panel B is based on the

assumption that production activities in the manufacturing and minerals sectors require more
meachinery imports than agricultural production, and that transportation of machinery imports is more
expensive for countries which are located further away from major ports. Following Wood and Mayer
(2001), we can expect countries with a comparatively small natural-resource endowment (proxied by a
country’s total land area per worker) and a comparatively high educationa attainment (proxied by the
years of schooling per worker) to have a comparative advantage in manufacturing (and hence require
comparatively more machinery imports), and for a bigger size (proxied by total population) of countries
to be associated with more manufacturing activities because of external economies. A comparative
advantage in the minerals sector is proxied by the value of known minera reserves per land area®
while the distance to the closest mgjor port is used as a proxy for transportation costs associated with
machinery imports. All of the correlation coefficients for this group of variables have the expected
sign, but the correlation coefficients of the proxies for transportation costs and for natural-resource
endowments are low.

8 The results of the table associated with this variable are based on a reduced sample, which excludes the

major petroleum exporters as defined in UNCTAD (2000a): Algeria, Congo, Ecuador, Gabon, Indonesia, Iran, Iraq,
Kuwait, Libya, Nigeria, Saudi Arabia, Syria, Trinidad and Tobago, United Arab Emirates, and VVenezuela— as well
as Jamaica, whose very high value of known reserves is a statistical outlier in this reduced sample. The
correlation coefficient drops to 0.03 when all these countries are included.
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The variables in panel C reflect the capacity of countries to finance imports. The surprising
result in this pand is the positive correlation between the GDP ratios of externa debt and machinery
imports. However, this may reflect the fact that many countries are unable to meet their external debt-
servicing obligations and that they may prefer to accumulate arrears which are unlikely ever to be paid,
rather than to forego the potentia for future growth by renouncing machinery imports. Moreover, the
analysis below suggests that this result based on the entire sample is driven by a few countries.

The correlation between some of the variables and machinery imports may be conceded by the
inclusion of countries whose GDP ratio of machinery imports during the 1990s was substantially lower
than during the 1970s. To investigate this possibility, the 80-country set was divided into three
subgroups. “poor performers’ (Algeria, Brazil, Cameroon, Democratic Republic of Congo, Cote
d'lvoire, Gabon, Haiti, Irag, Libya, Myanmar, Peru, Somalia, Syria, and Togo), whose GDP ratio of
machinery imports fell by over 25 per cent between the 1970s and the 1990s, “good performers’
(Bangladesh, Chile, China, Ethiopia, Ghana, India, Mexico, Nepa, Nigeria, Paraguay, Philippines, Sri
Lanka, Thailand, Uganda, United Arab Emirates, and Zimbabwe), whose GDP ratio of machinery
imports more than doubled proportionally and/or rose in absolute terms by more than 1.5 percentage
points during this period, and the group of “average performers’, which includes the remaining 50
countries. In addition to the variables analysed in table 3, the fact that three out of the seven countries
which were identified as statistical outliers and two of the countries which were classified as “good
performers’ are from South-East or East Asia suggests that being located in these geographica
regions has been associated with substantial machinery imports.

The comparison between good performers on the one side and poor or average performers on
the other shows essentially the same results.” But since it could be argued that civil unrest had a
sizeable impact on the results of some of the poor performers, it may be useful to focus on the
comparison between the “good” and the “average’ performers reported in cdumns 3,4 and 6 of teble 3,
All of the associations are in the expected direction and significant, except for the geography variable,
the charges on machinery imports, and inward FDI. Regarding the latter, the fact that the correlation is
satisticaly indgnificant is largely due to the incluson of Trinidad and Tobago (whose GDP ratio of
inward FDI is by far the highest within the 80-country sample) in the group of average performers.
When it is excluded, the P-value of the F-test reported in column 6 of table 3 becomes 0.43 which,
however, ill is a substantialy lower level of significance than might be expected. By contrast, the

o The main exception regards FDI inflows during the 1990s (row 4 of panel A): while the difference of means

is statistically strongly significant for the comparison between good and poor performers, this is not the case
when good and average performers are compared.
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hypothesis that inward FDI is associated with technology transfer is supported by the comparison
between the good and poor performers, as well as by the results regarding the absolute change in FDI
inflows during the 1970s and the 1990s (row 5 of table 3). But evidence regarding the latter variable
needs to be interpreted cautioudy because of (i) the substantialy smaller number of countries for
which complete data are available, and (ii) the fact that flows of FDI to developing countries have
often been concentrated in a few middle-income countries, as well as China, i.e. those countries for
which complete data are available.

Tables 4 and 5 give country-specific evidence on the sectora bias of machinery imports.
Columns 4, 8 and 12 of table 4 show that speciaized machinery imports from devel oped countries have
in genera been substantialy lower than imports of genera-purpose machinery. The countries which
import a comparatively high share of speciaized machinery include those with important minerals or
fuels sectors — e.g. Angola, Bolivia, Congo, Democratic Republic of Congo, Papua New Guinea, Peru,
Trinidad and Tobago, Zambia, and Venezudla — and, to a lesser extent, those where labour-intensive
activities condtitute an important part of domestic economic activity — e.g. Bangladesh, Mauritius,
Pakistan, and Turkey. It is aso interesting to note that among the countries with a small share of
speciaized machinery imports are many of those whose overall machinery imports were substantially
higher during the 1970s and 1980s than during the 1990s — e.g. Hong Kong (China), Maaysia, Mexico,
Philippines, and Singapore. This suggests that the countries which substantially increased their
machinery imports over the past three decades tended to do so with respect to genera -purpose rather
than specialized machinery.

The other columns in the table show that the importance of agricultura machinery has
continuoudy fallen over the past three decades, while mineral-related machinery has been the most
important sector of specialized machinery imports, even though its importance fell between the 1980s
and 1990s. The countries whose ratios of machinery imports for low-skilled labour-intensive activities
are highest unsurprisingly include the large economies of Bangladesh, Mauritius, Pakistan and Turkey.

Table 5 which refers to imports from technologically more advanced developing countries shows
a different picture. There is g abeit declining, number of countries whose specialized machinery
imports has exceeded imports of genera-purpose machinery. But similar to imports from devel oped
countries, these specialized machinery imports are aso concentrated in the mineral and labour-
intensive sectors.

To summarize, the datistical analysis of the evolution of machinery imports by developing
countries shows that the technological integration of these countries as a group has increased, but that
comparatively few individua countries account for this phenomenon. The evidence suggests that
economies (i) located inSouth-East or East Asia, (ii) with ahigh GDP ratio of domestic investment



Table4

Ratio between specialized and general-purpose technology imports from devel oped countries, 1970-1998

1970-1979 1980-1989 1990-1998
Agi-  Mingad  Lowm Al Agi- Mingad  Lowm Al Agi-  Mingd  Low Al
adture silled spedidizd  adture dilled pedaizd cauture dilled  gpedalizzd
labour  technology labour technology labour techndlogy

D 2 ©) O ©) (6) @ (® @ 109 11y 1

Afghanistan 0.06 0.16 0.12 0.38 0.00 0.05 0.06 0.23  0.00 0.03 0.01 0.06
Algeria 0.09 0.29 0.06 0.49 0.06 0.28 0.06 0.44  0.03 0.22 0.03 0.33
Angola 0.14 0.29 0.09 0.58 0.06 0.74  0.05 0.89 0.03 0.49 0.01 0.56
Argentina 0.05 031 0.16  0.59 0.03 021 o011 0.42 0.05 0.16 0.09 040
Bangladesh 0.03 011 0.22 044 0.02 0.12 0.15 0.35 0.02 0.08 035 0.1
Benin 0.05 0.17 0.10 0.38 0.05 0.24 0.04 0.41 0.03 0.15 0.15 0.36
Bolivia 0.18 041 0.14 0381 0.11 0.37 0.07 0.62 0.08 0.40 0.10 0.66
Brazil 0.09 0.40 0.15 0.72 0.01 0.26 0.10 0.41  0.02 0.19 0.12 044
Burkina Faso 0.10 0.15 0.07 0.46 0.09 0.20 0.05 0.39 0.04 0.10 0.04 0.23
Burundi 0.09 0.19 0.03 0.38 0.10 0.24 0.03 0.45 0.04 0.13 0.03 0.29
Cameroon 0.11 0.26 0.10 0.60 0.06 0.34 0.04 0.50 0.07 0.25 0.04 043
Central AfricanRep.  0.07  0.16 0.07 0.32 0.05 0.21  0.06 0.34 0.05 0.33 0.03 044
Chad 0.12 0.19 0.15 0.60 0.05 0.21 0.15 0.47 0.04 0.18 0.06 0.34
Chile 0.07 0.33 0.10 0.59 0.05 0.39 0.06 0.60 0.06 0.27 0.05 049
China 0.03 0.56 0.04 0.65 0.01 0.30 0.19 0.56 0.01 0.25 0.17  0.50
Colombia 012 0.21 0.21  0.62 0.06 035 0.13 0.62 0.03 0.26 0.10 0.49
Comoros 016 031 0.01 0.50 0.05 0.33 0.02 0.42  0.05 0.20 0.01 031
Congo 0.06 0.33 0.02 043 0.06 0.39 0.01 0.50 0.02 0.44 0.00 0.48
Congo (Dem. Rep. of) 0.04 0.27 0.06 0.39 0.07 0.40 0.05 0.58 0.03 0.34 0.04 0.50
Costa Rica 023 021 0.15 0.69 0.09 0.14 0.12 0.46  0.08 0.17 0.09 043
Cote d'lvoire 016 021 0.09 0.53 0.08 0.18 0.10 0.43 0.06 0.15 0.05 0.35
Dominican Republic 014 021 0.08 0.54 0.09 0.16  0.07 0.39 0.05 0.10 0.11 0.33
Ecuador 0.20 0.24 0.15 0.68 0.11 0.25 0.09 0.52 0.05 0.30 0.08 0.52
Egypt 0.04 0.23 0.20 0.52 0.04 024 011 0.46  0.02 0.22 010 041
El Salvador 0.12 0.16 0.27  0.67 0.03 0.08 0.09 0.27  0.03 0.12 0.15 042
Equatorial Guinea 0.08 0.42 0.04 0.55 0.14 024 0.04 0.45 0.02 1.63 0.01 169
Ethiopia 019 031 0.25 0.82 0.19 0.40 0.18 0.86 0.13 0.32 0.10 0.67
Gabon 0.12 035 0.01 0.50 0.06 0.44 0.01 0.53 0.05 0.40 0.00 0.48
Gambia 0.11 0.14 0.03 0.34 0.07 0.14  0.02 0.25 0.04 0.07 0.02 0.19
Ghana 012 0.32 0.11  0.63 0.08 0.37 0.03 0.53 0.04 0.34 0.02 0.45
Guatemala 021 0.24 0.22 0.77 0.08 0.25 0.15 0.64 0.08 0.16 0.14  0.52
Guinea 011 0.25 0.01 0.39 0.04 0.32 0.03 0.43 0.03 0.26 0.00 0.33
Guinea-Bissau 0.07 0.12 0.03 0.26 0.14 046 0.01 0.65 0.09 0.14 0.01 0.28
Guyana 0.24 049 0.02 0.85 0.21 055 0.01 0.89 0.18 0.46 0.01 0.78
Haiti 0.07 0.14 0.13 041 0.04 0.07  0.08 0.29 0.03 0.21 0.06 0.38
Honduras 023 0.25 0.11  0.72 0.09 0.20 0.05 0.44  0.09 0.17 0.19 0.53
Hong Kong (China) 0.01 0.09 0.22 0.35 0.00 0.08 0.12 0.24  0.00 0.08 0.09 0.22
India 0.04 0.32 0.10 0.52 0.02 0.30 0.10 0.47 0.01 0.23 0.16 045
Indonesia 0.06 0.22 0.16 0.50 0.02 022 011 0.41 0.01 0.20 0.18 0.51
Iran (Islamic Rep. of) 0.06  0.23 0.10 0.43 0.09 0.27  0.06 0.44 0.03 0.25 0.09 0.42
Iraq 0.08 031 0.08 0.52 0.07 0.30 0.02 0.41  0.09 0.08 0.00 021
Jamaica 0.08 0.17 0.04 037 0.09 0.24 0.05 0.49 0.04 0.15 0.03 0.30
Jordan 0.08 0.22 0.04 0.38 0.04 0.20 0.02 0.30 0.03 0.14 0.05 0.30
Kenya 020 0.25 0.16 0.78 0.15 0.23 0.10 0.61 0.10 0.17 0.05 047
Korea (Rep. of) 0.01 0.27 0.28 0.59 0.01 0.20 0.10 0.36  0.02 0.18 0.08 0.34
Kuwait 0.01 0.16 0.01 0.19 0.01 0.09 0.01 0.14 0.01 0.11 0.01 0.16
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Table 4 (concluded)
Ratio between specialized and general-purpose technology imports from devel oped countries, 1970-1998

1970-1979 1980-1989 1990-1998

Agi-  Minga  Low All Agi-  Minga  Low Al Agi-  Minga  Low Al
altre silled seddizd adture silled peddizzd adture silled  sedalizd
labour technology labour  technology labour technology
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Libya 010 021 0.02 034 0.10 0.24 0.03 0.40 0.06 0.17 0.02 0.28
Madagascar 0.12 0.19 0.19 0.58 0.15 0.35 0.18 0.77  0.07 0.15 0.10 0.39
Malawi 0.19 0.27 0.15 0.67 0.10 0.25 0.20 0.59 0.08 0.13 0.10 0.38
Malaysia 012 0.27 0.07 0.51 0.05 0.25 0.03 0.38  0.02 0.18 0.04 0.28
Mali 0.16  0.16 0.14 0.50 0.11 022 0.04 0.42 0.04 0.19 0.08 0.35
Mauritania 0.04 043 0.01 0.50 0.04 0.37 0.01 0.45 0.05 0.20 0.01 0.29
Mauritius 0.08 0.14 0.13 041 0.05 0.14 034 0.60 0.05 0.14 0.30 0.57
Mexico 0.11 0.26 0.15 0.59 0.05 0.24  0.07 0.41  0.02 0.11 0.04 021
Morocco 011 o021 0.16 0.55 0.11 021 017 0.57 0.08 0.15 0.16 047
Mozambique 0.18 0.20 0.16 0.60 0.13 0.26  0.07 0.53 0.10 0.20 0.03 041
Myanmar 0.05 041 0.08 0.58 0.05 0.26  0.06 0.44  0.06 0.36 0.03 0.51
Nepal 0.16 0.35 0.16 0.84 0.10 0.35 0.07 0.57  0.02 0.18 0.07 037
Nicaragua 0.20 0.22 0.10 0.63 0.26 0.15 0.08 0.56 0.15 0.12 0.02 0.38
Niger 0.09 0.27 0.03 041 0.06 0.27  0.03 0.38 0.03 0.18 0.01 0.24
Nigeria 0.09 0.33 0.15 0.65 0.07 0.24 0.07 0.47  0.02 0.36 0.06 0.50
Pakistan 022 0.17 0.23 0.68 0.18 021 0.29 0.74  0.05 0.14 0.39 0.62
Papua New Guinea 0.17 0.54 0.01 0.75 0.16 055 0.01 0.76  0.07 0.48 0.00 0.59
Paraguay 033 0.15 0.14  0.69 0.06 0.11  0.08 0.31  0.02 0.06 0.04 0.16
Peru 0.06 0.38 0.17 0.68 0.08 046 0.15 0.77  0.03 0.26 0.12 0.49
Philippines 0.08 0.24 0.13 054 0.02 0.18 0.06 0.30 0.01 0.14 0.04 0.23
Rwanda 0.03 0.16 0.02 0.25 0.07 0.19 0.08 0.41  0.07 0.13 0.06 0.30
Sao Tome 0.08 0.06 0.15 0.33 0.11 0.16 0.03 0.31 0.08 0.04 0.00 0.13
Saudi Arabia 0.05 0.22 0.01 0.28 0.05 0.11 0.01 0.18 0.03 0.12 0.02 0.20
Senega 0.10 0.22 0.07 044 0.05 0.15 0.07 0.33 0.04 0.13 0.02 0.25
SierraLeone 0.09 0.34 0.01 0.50 0.08 0.40 0.01 0.53 0.06 0.22 0.01 0.34
Singapore 0.07 0.30 0.03 0.42 0.01 0.25 0.02 0.30 0.01 0.12 0.02 0.17
Somalia 0.16 0.28 0.16 0.70 0.21 0.39 0.03 0.69 0.06 0.27 0.00 0.37
Sri Lanka 0.17 0.16 0.13 0.57 0.10 0.22 0.06 0.44  0.07 0.11 0.12 0.39
Sudan 0.23 0.20 0.27 0.85 0.26 0.22 0.06 0.63 0.21 0.19 0.04 0.52
Syria 012 0.22 0.17 0.58 0.13 0.32 0.09 0.57 0.05 0.23 0.24 0.57

Tawen Prov. of China 0.02 0.17 0.27  0.49 0.02 0.17 0.17 0.40 0.01 0.17 0.09 031
Tawania(UnitedRep.of)  0.17  0.29 0.23 0.84 0.20 0.33 0.20 0.82 0.07 0.16 0.04 0.35

Thailand 0.11 0.20 0.22 057 0.05 024 011 0.45  0.02 0.24 0.08 0.40
Togo 0.08 0.36 0.06 0.55 0.05 0.16 0.03 0.28 0.03 0.11 0.04 025
Trinidad and Tobago  0.06  0.41 0.02 0.56 0.04 0.43 0.02 0.56  0.02 0.47 0.01 0.54
Tunisia 015 0.25 0.11  0.56 0.11 0.27 0.13 0.58 0.08 0.18 0.16  0.49
Turkey 0.20 0.34 0.27  0.87 0.06 0.33 0.23 0.66 0.03 0.19 0.34 0.64
Uganda 0.23 0.36 0.23 094 0.25 0.27 0.18 0.86 0.10 0.16 0.07 047
United Arab Emirates 0.02  0.29 0.00 0.32 0.02 0.25 0.01 0.29  0.02 0.15 0.02 021
Uruguay 021 o011 0.20 0.59 0.11 0.09 0.23 054 0.12 0.09 0.14 044
Venezuela 0.11 0.32 0.08 0.58 0.08 0.34 0.07 0.57 0.03 0.48 0.03 0.60
Zambia 0.09 037 0.03 0.54 0.10 0.52 0.10 0.78  0.09 0.48 0.11 0.75
Zimbabwe 0.01 0.16 0.31 0.56 0.17 020 0.22 0.67 0.25 0.26 0.18 0.82
MEDIAN 0.09 0.24 0.10 0.52 0.06 0.24  0.06 0.45 0.04 0.19 0.05 042

Source:. COMTRADE.
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Table5
Ratio between spedialized and general-purpasetechnol ogy importsfrom advanced devel oping countries, 1970-1998

1970-1979 1980-1989 1990-1998
Agi-  Minga  Low All Agi- Minga Low Al Agi-  Mingd  Low Al
alture silled  gpeddizzd  cuture illed  geddizd adture silled  gpedalizd
labour technology labour technology labour technalogy
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Afghanistan 005 005 038 055 002 002 015 021 001 000 006 0.08
Algeria 078 470 012 560 019 037 004 061 001 013 005 0.29
Angola 069 010 013 1.02 030 064 002 098 006 663 002 6.73
Argentina 007 021 003 036 006 015 005 030 010 012 004 0.28
Bangladesh 001 010 035 051 002 020 032 063 010 013 043 0.71
Benin 032 011 067 117 006 009 015 037 001 002 016 0.19
Bolivia 050 034 011 1.09 074 025 004 113 032 024 003 0.66
Brazil 009 006 002 019 001 015 004 021 001 007 008 0.18
Burkina Faso 000 342 003 345 018 030 002 052 014 052 000 0.72
Burund 000 005 003 009 011 014 039 067 007 015 149 1.83
Cameroon 056 061 384 501 018 058 062 139 008 051 012 074
Central AfricanRep. 0.00 051 018 076 272 144 028 452 026 018 003 056
Chad 000 013 000 013 000 146 000 150 008 154 011 2.30
Chile 029 026 014 077 013 016 005 041 006 020 005 0.38
China 001 056 032 1.06 001 027 017 047 000 011 013 0.28
Colombia 014 018 020 057 022 021 009 056 003 013 007 0.28
Comoros 000 000 000 050 252 094 1.00 448 001 001 006 0.11
Congo 004 000 175 181 074 112 019 206 002 015 003 0.21
Congo (Dem. Rep. of) 0.05 133 093 237 053 016 080 154 014 015 009 0.42
Costa Rica 009 006 015 036 014 011 011 044 004 009 008 0.26
Cote d'lvoire 028 068 069 171 050 023 021 098 009 012 013 0.38
Dominican Republic 024 010 0.5 0.82 026 012 011 054 018 007 0.19 0.49
Ecuador 025 052 021 104 012 014 010 041 008 014 006 0.31
Egypt 001 022 059 084 006 011 013 031 002 012 011 0.29
El Salvador 013 007 019 068 007 008 017 034 003 010 0.18 0.38
Equatorial Guinea 000 028 005 033 020 017 006 042 000 083 002 0.86
Ethiopia 002 003 003 009 019 017 013 063 006 021 011 0.50
Gabon 394 031 065 489 130 126 044 300 002 119 004 127
Gambia 296 072 082 469 016 003 006 026 002 005 005 013
Ghana 036 016 108 176 045 028 021 134 004 016 0.16 0.40
Guatemala 021 014 008 048 009 010 013 037 006 025 021 0.61
Guinea 135 407 010 553 091 134 006 232 002 015 004 0.22
Guinea-Bissau 012 009 015 045 008 048 002 063 007 002 005 0.49
Guyana 011 008 040 079 064 066 003 1.36 040 042 0.16 1.09
Haiti 004 008 040 055 020 009 020 059 001 012 005 0.19
Honduras 026 009 013 063 016 010 009 041 013 027 033 0.80
Hong Kong 000 004 006 011 000 006 008 016 000 006 007 014
India 001 058 004 066 001 029 006 038 000 013 013 0.28
Indonesia 001 030 057 107 001 023 028 070 001 019 030 0.59
Iran (Islamic Rep. of) 001 007 038 047 036 022 008 066 001 017 005 024
Iraq 012 019 005 037 009 014 001 025 011 004 001 017
Jamaica 007 006 027 043 055 012 016 088 006 005 0.14 0.26
Jordan 000 007 020 028 001 008 019 030 005 012 011 0.30
Kenya 005 012 017 048 011 030 029 077 006 015 0.13 0.39
Korea 000 019 053 075 000 007 003 011 000 007 002 011

Kuwait 0.00 0.06 0.03 0.09 0.03 0.13 0.07 0.23  0.00 0.08 0.02 011
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Table5 (concluded)
Ratio between spedialized and general -purposetechnol ogy importsfrom advanced devel oping countries, 1970-1998

1970-1979 1980-1989 1990-1998
Agi-  Minga  Low Al Agi- Minga Low Al Agi-  Mingd  Low Al
adture silled speddizd  adture ddlled speddizd adture dilled  specdizd
labour technology labour technology labour technalogy

(1) (2 (3 (4) (5) (6) (7) (8) (9 (100 (11) (@12
Libya 0.00 0.05 0.27 0.32 0.05 0.23 0.05 0.34 0.01 0.16 0.04 0.22
Madagascar 0.07 0.34 3.27 3.79 0.10 0.67 0.34 1.27 0.06 0.13 0.33 0.65
Malawi 0.01 0.20 0.04 0.28 0.37 0.23 0.04 0.69 0.03 0.20 0.10 0.46
Malaysia 0.01 0.45 0.08 0.60 0.01 0.27 0.04 0.36 0.00 0.16 0.03 0.22
Mali 0.00 2.68 0.00 2.68 0.17 0.12 0.06 0.71 0.05 0.28 0.17 1.22
Mauritania 0.40 0.46 0.04 0.89 0.87 0.25 0.34 1.46 0.05 0.14 0.12 0.32
Mauritius 0.01 0.11 0.38 0.54 0.05 0.19 1.34 1.71 0.01 0.09 0.52 0.69
Mexico 0.05 0.39 0.02 0.50 0.02 0.20 0.04 0.38 0.02 0.10 0.06 0.19
Morocco 0.01 0.02 1.41 1.45 1.44 0.12 0.44 2.02 0.06 0.09 0.26 0.45
Mozambique 1.33 0.24 0.17 1.77 1.86 0.20 0.06 2.13 0.11 0.12 0.17 0.42
Myanmar 0.03 0.52 0.03 0.59 0.02 0.14 0.06 0.23 0.06 0.32 0.04 0.48
Nepal 0.13 0.06 0.03 0.28 0.02 0.20 0.07 0.37 0.06 0.06 0.04 0.19
Nicaragua 0.22 0.13 0.16 0.74 0.64 0.40 0.03 1.10 0.13 0.22 0.19 0.61
Niger 0.00 0.78 3.06 3.88 0.01 1.39 0.16 1.57 0.05 0.24 0.24 0.58
Nigeria 0.07 0.26 0.35 0.74 0.06 0.15 0.09 0.38 0.03 0.09 0.13 0.30
Pakistan 0.03 0.11 0.14 0.29 0.05 0.15 0.11 0.35 0.01 0.11 0.25 0.39
Papua NG 0.02 0.51 0.03 0.56 0.02 0.79 0.03 0.87 0.03 0.50 0.01 0.54
Paraguay 0.43 0.20 0.04 0.74 0.30 0.25 0.04 0.64 0.21 0.11 0.02 0.39
Peru 0.17 0.20 0.17 0.58 0.25 0.19 0.09 0.58 0.09 0.37 0.07 0.59
Philippines 0.02 0.30 0.17 0.53 0.01 0.17 0.08 0.31 0.01 0.11 0.06 0.21
Rwanda 0.00 0.10 0.84 0.94 0.00 0.05 1.18 1.28 0.08 0.50 0.12 1.06
Sao Tome NA NA NA NA 0.00 0.00 0.00 0.05 0.01 0.08 0.38 0.48
Saudi Arabia 0.01 0.11 0.07 0.19 0.02 0.06 0.05 0.13 0.01 0.15 0.03 0.20
Senegal 0.49 0.19 0.60 1.39 0.15 0.23 0.39 0.79 0.10 0.16 0.10 0.39
Sierra Leone 0.04 0.04 0.12 0.26 0.13 0.10 0.06 0.38 0.02 0.01 0.03 0.13
Singapore 0.01 0.13 0.11 0.28 0.01 0.08 0.03 0.13 0.00 0.07 0.02 0.09
Somalia 0.07 0.07 0.12 0.27 0.29 0.32 0.08 0.72 0.02 0.07 0.75 0.83
Sri Lanka 0.05 0.17 0.22 0.48 0.02 0.18 0.25 0.55 0.06 0.11 0.35 0.57
Sudan 0.03 0.07 0.15 0.29 0.11 0.06 0.07 0.30 0.09 0.22 0.17 0.53
Syria 0.09 0.05 0.45 0.60 0.14 0.38 0.19 0.72 0.06 0.11 0.24 0.43

Tawen Prov. of China 0.01 0.12 0.09 0.23 0.01 0.07 0.04 0.13  0.00 0.04 0.02  0.06
Tawania(UnitedRep.of)  0.21  0.16 0.26  0.87 0.60 042 021 149 011 0.13 0.18 0.52

Thailand 0.01 0.27 0.24 0.61 0.04 0.35 0.15 0.61 0.01 0.16 0.07 0.27
Togo 0.32 0.02 1.55 1.89 0.07 0.24 049 0.85 0.02 0.03 0.35 042
Trinidad and Tobago  0.30  0.06 0.36 0.76 0.24 0.06 0.16 0.50 0.05 0.09 005 021
Tunisia 0.00 0.14 196 215 0.03 0.15 0.19 0.37 0.03 0.29 0.15 049
Turkey 164 0.39 039 243 0.01 0.16  0.18 0.35 0.00 0.26 0.22 0.50
Uganda 0.34 0.04 0.40 252 0.41 059 031 1.98 0.08 0.16 0.03 041
United Arab Emirates 0.00  0.27 0.01 0.29 0.04 0.20 0.13 0.37  0.00 0.16 0.07 025
Uruguay 053 021 0.09 0.93 0.29 0.19 0.05 0.58 0.23 0.09 0.03 0.40
Venezuela 0.10 011 0.06 031 0.15 0.15 0.09 0.45 0.04 0.12 0.05 0.26
Zambia 0.13 0.05 0.04 0.24 0.57 0.25 0.18 1.05 0.07 0.11 0.11 0.32
Zimbabwe 0.00 0.00 0.00 0.00 0.61 040 011 1.18 0.18 0.35 0.14 0.74
MEDIAN 0.07 0.13 0.17  0.67 0.15 0.17 011 0.58 0.05 0.13 0.08 0.34

Source: COMTRADE.
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and a good investment climate, as well as a comparative advantage in manufacturing or in the minerals
sector, and (iii) which are not subject to balance-of-payments constraints have made the most advance
in technologica integration. But it is clear that there are wide discrepancies even among these
countries. Statistically, there is no significant association between cross-country variation in the GDP
ratio of machinery imports and natural trade barriers, and the evidence regarding FDI inflows is mixed.
The importance of machinery imports from technologically more advanced developing countries
remains small compared to such imports from developed economies, but has risen substantially over
the past two decades. Whereas general-purpose technology has remained the most important part of
machinery imports from developed countries, specidized machinery imports play a substantial role in
machinery imports from technologically more advanced developing countries. Although the sectora
bias of machinery imports has remained small, it has been strongest for mineral-based activities; the
importance of speciaized machinery imports related to agricultura activities has falen, while that
related to labour-intensive activities has increased.

V. ESTIMATION RESULTS

The empirical results are based on a sample of 53 developing countries for which comprehensive
data over the 1970-1990 period are available (see Appendix for the composition of the sample). Data
on per capitaincome, capital (capital stock per worker based on aggregate investment) and labour are
from Easterly and Yu (2000), education data (number of school years of the population aged 15 or
above) from Barro and Lee (2000), and data on machinery imports from the United Nations
COMTRADE database. Given that Easterly and Y u (2000) have capital stock data only through 1990,
the time period analysed in this section ends in 1990. Income, capital stocks and the labour force are
measured as the differences in log vaues between 1970 and 1990, while, following Benhabib and
Spiegel (1994), human capital is measured as the average of log values of mean years of schooling in
1970 and 1990."° Technology diffusion is measured as the average of the GDP ratios of machinery
imports over the sample period 1970-1990. This measure reflects the hypothesis that a persistent
increase in the stock of ideas requires a continuous stream of technology inflows. The measure used
by Coe et d. (1997), namely the difference between the GDP ratios of machinery imports at time 0

and time T reflects differences in investment rates, and thus accords well with their measuring human

10 The regressions were also run on the average levels of human capital and the log of the average levels

during the 1970-1990 period. These yielded similar results to those reported below.
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capital as school enrolment rates. However, taking such differences is a less appropriate measure of
how the stock of ideas develops over a period of time, because such a measure would overestimate
the relative amount of new technology used in production over the period for a country whose stock of
ideas grew rapidly over the estimation period from alow basis.™

The model is specified in levels rather than growth rates, following Benhabib and Spiegel (1994)
and, more recently, Hall and Jones (1999). This is an aternative to the basic cross-country growth
specification derived from a neoclassical growth model, as provided, for example, by Mankiw et a.
(1992), which operates with investment data. Studies based on that specification generally use initia
income as a proxy for initia efficiency because when investment data are used to proxy for changesin
the input of capital, the transitiona dynamics induced by factor accumulation need to be controlled for.
Such trangtional dynamics occur because the relatively poorer economies have a lower stock of
capital, so that the margina product of an additiona unit of capital is higher in these countries, and their
rate of growth will be higher for any given rate of investment. By contrast, estimations based on stock
data directly regress the change of output on changes in inputs. The advantage of using capital stock
data is that it dlows for the omission of a term in initid efficiency and, as a result, more precise
estimates are obtained (Jones 2000; Temple 1999a: 121-125). However, Temple (1999b) points out
that estimations based on the method used in this paper may be biased by influentia outliers. He
suggests testing to see whether the residuals are normally distributed; if they are not, the regression
should not be applied to the entire sample.

Caution is required in assuming that the variable representing total factor productivity growth
actualy measures the contribution of technological change to economic growth. The measurement bias
can go in ether direction. The contribution of technological change will be overestimated to the extent
that the increased integration of developing countries into the world economy (as reflected here by
increased machinery imports) has improved the efficiency with which capital and labour are used. The
bias will be the reverse to the extent that the easticity of substitution between production factors is
less than unity and technological change has a Hicks-labour saving bias (see O’ Connor and Lunati,
1999, for discussion of this issue). The underestimation of the contribution of technologica change to
economic growth will increase with the growth in the capital/labour ratio, the degree of labour-saving
bias and the inelagticity of subgtitution. In addition, to the extent that endogenous innovation drives
growth, part of the contribution to growth of an increase in the varieties of capita goods facilitated by
R&D will be attributed to capita rather than to total factor productivity. However, this endogenous

1 Running the regressions on this measure yields similar results to those reported in table 6, with the

difference that in most cases the point estimates on machinery imports increase.
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growth component in technological progress is largest in developed countries and is considered to be
negligible in this paper because only developing countries are considered.

All the growth regressions in this paper were based on ordinary least squares and run with
White's heteroscedasticity-consistent covariance estimation method. The results of the basic
estimations which use tota machinery imports as the measure for technology transfer and overal
educational attainment as the measure for human capital are shown in table 6.2 In al the regressions,
changes in the stock of physical capital (dK) and of the labour force (dL) enter with their expected
signs. Human capita (H) enters with a positive sign at a high level of significance in model 1, and the
coefficients on machinery imports from both developed and technologically more advanced developing
countries (Machin,) and from developed countries aone (Machlndiqy,) have the expected positive sign
and are datigtically strongly significant. However, once an interaction term is introduced (model 2),
human capita takes a negative sign and becomes satistically insignificant, thus mirroring the result
obtained by Benhabib and Spiegel (1994). The coefficients on the interaction terms are positive and
satisticaly highly significant. The results of modd 3 show that the coefficient on the interaction terms
remains significant with a positive sign, even when the other two variables (human capital and
meachinery imports) are dropped from the equation. This suggests that human capitd is realy used for
the adoption of imported machinery.

Machinery imports from technologically more advanced developing countries appear to have an
insgnificant impact on economic growth, given that the results change little when only machinery
imports from developed countries (Machl ndin) are included, as can be seen by comparing columns 2,
4 and 6 with columns 1, 3 and 5 of table 6. This could be due to the fact that the GDP ratio of
machinery imports from technologically more advanced developing countries strongly rose only over
the last ten years or so (figure 1), and that this feature is not taken into account in the regressions
because the sample period ends in 1990. However, this hypothesis is not corroborated by the
regressions on the extended period 1970-1997, which aso give smilar results for the two measures of
machinery imports (see Annex table).®* This might indicate that in spite of its strong relative increase
over the past few years, the level of machinery imports from technologicaly more advanced
developing countries is ill too low, compared to that from developed countries, to have a significant
measurable impact on productivity in developing countries.

12 The P-value of the normality test on the residuals reported in the last row of the table suggests that the

regression results are not biased by influential outliers. Excluding Iran and Tunisiafrom the regressions on model
3 raises the P-value of the normality test above 0.90. Doing so affects the results reported in the table only with
regard to dL for which both the point estimates and the t-values (becoming significant at the 10 per cent level)
rise.
13 However, these results are only approximative, given that comprehensive data on physical capital stocks
for the period after 1990 are not available, so that the time series on the stock of physical capital was extended
using the rate of gross domestic investment and the same fixed annual depreciation rate for all the countries.
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Table 6

Cross-country growth regressions with overall educational attainment and machinery imports, 1970-1990

Dependent variable — differencesin log levels of per capitaincome

Model 1 Model 2 Model 3
Constant -055  -055 011 014 -033 033
(3277 (3307 (039) (-051) (237" (232°
H 0.18 0.19 -010 008
(207" (216" (-062)  (-0.49)
Machimp 0.03 -0.12
(2977 (-1.58)
H * Mach;n, 0.10 0.03
(2.15)" (3.36)°
Machind;, 0.03 -0.12
(2977 (-1.45)
H * Machind;p, 0.10 0.04
(2.00)° (327
dK 047 048 0.46 0.46 047 048
(7447 (7.60° (721* (7457 (726 (7597
dL 0.49 0.49 0.49 051 041 041
@73F @7’y (186)°  (L90f (155  (156)
R 0.65 0.69 0.68 0.68 0.65 0.65
F-stat. 220 255 200 196 355 299
N 53 53 53 53 53 53
Normality P-value 0.95 0.96 0.85 0.85 0.86 0.85

Note: White's heteroskedasticity correction used; t-statistics in parentheses; the superscript a denotes

significance at the 1 per cent, b at the 5 per cent and c at 10 per cent confidence level.

When the models are estimated with technology imports measured as imports of genera-
purpose machinery (GMachiny) rather than total machinery, both the point estimates and the t-values
of the variables measuring human capital and technology imports rise, as shown in table 7. This
suggests that within the category “machinery”, imports of genera-purpose machinery have a
significantly stronger positive impact on economic growth than speciadlized machinery. A possible
explanation of this result is that developed countries design technologies for the factor combinations
which prevail there, so that developing countries, which import such technologies and whose relative
supply of skilled workersis lower, must use unskilled workers in tasks performed by skilled workers



Table7

Cross-country growth regressions with overall educational attainment and general-purpose machinery
imports, 1970-1990

Dependent variable — differencesin log levels of per capita income

Model 1 Model 2 Model 3
Constant -054 055 -011 013 032 032
(328 (3337 (-0.38)  (-0.46) (-2.28)° (227"
H 0.18 0.19 -010  -0.08
(211)° (220" (-059) (-0.50)
GMach; 0.05 -0.19
(3397 (-1.65)
H * GMach, 0.15 0.04
(218)° (332
GMachindm, 0.05 -0.19
(3.45° (-1.54)
H * GMachind,,, 015 0.05
(2.04)° (3.209
dK 047 047 0.46 0.46 047 047
(733% (7507 (7137 (7.34)° (7187 (7497
dL 049 0.50 050 051 042 043
(176)°  (L79Y (191)° (LYY (160)  (L62)
R 0.65 0.65 0.68 0.68 0.65 0.65
F-stat. 223 222 201 19.8 30.3 298
N 53 53 53 53 53 53
Normality P-value 0.97 097 0.82 0.84 0.89 0.86

Note:  White's heteroskedasticity correction used; t-statistics in parentheses; the superscript a denotes
significance at the 1 per cent, b at the 5 per cent and c at 10 per cent confidence level.

in developed countries. Even though this constraint applies to al imported technology, it may be more
binding for speciaized machinery whose productive use tends to require specialized knowledge which
may be particularly scarce in developing countries.

The results of the regressions run using the entire category “machinery and transport
equipment” to measure technology imports, such as in Coe et a. (1997), are shown in table 8. As

expected, the point estimates of this measure of technology imports are substantialy lower than those
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Table 8

Cross-country growth regressions with overall educational attainment and imports of machinery and
transport equipment, 1970-1990

Dependent variable — differencesin log levels of per capita income

Model 1 Model 2 Model 3
Constant 054 055 -006  -0.09 031 032
(-331)% (-3.36)° (-023) (-0.31) (227" (225"
H 0.18 0.19 011  -010
(213° (222" (-067) (-059)
SITCimp 0.01 -0.06
(331)° (-1.84)°
H* SITCmp 0.05 0.01
(2.38)° (3327
SITC7ING;mp 0.02 -0.07
(3.38)° (-1.68)°
H* SITC7INd;rp 0.05 0.02
(219" (3127
dK 047 047 0.46 0.46 047 048
(7.23°  (7.36)° (712*  (7.29° (7087  (7.29°
dL 050 0.50 047 048 042 042
(179° (180 (177° (L8O (161) (160
R 0.65 0.65 0.68 0.68 0.65 0.65
F-stat. 25 224 204 200 304 299
N 53 53 53 53 53 53
Normdity P-value 0.96 0.97 0.73 0.77 0.89 0.85

Note:  White's heteroskedasticity correction used; t-statistics in parentheses; the superscript a denotes

significance at the 1 per cent, b at the 5 per cent and c at 10 per cent confidence level.

based on either total machinery imports (table 6) or general-purpose machinery imports (table 7), while
the level of significance remains by and large unchanged. A comparison of these results shows a
remarkable hierarchy in the impact of the different measures of technology imports on growth, with
that of genera-purpose machinery being highest, followed by total machinery, and with the measure
used by Coe et d. (1997) having the lowest impact.
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Table9

Cross-country growth regressions with specific educational attainment and general-purpose machinery

imports,

1970-1990

Dependent variable — differencesin log levels of per capita income

Model 1 Model 2 Model 3
Constant 054 055 035 037 037 037
(3307 (-3347 (-1.85° (-1.92) (-251)° (252"
Hrigh 0.09 0.10 0.02 0.02
(229° (239" (0.36) (0.43)
GMachy, 0.04 -0.20
(1.74)° (-L.74)°
Hmedium *GM aChimp 0.07
@17y
GMachind, 0.04 -0.19
(1.70)° (-1.65)
Hiedium * GMachindip,, 0.07
(2.09)°
Hrigh * GMach;,, 0.03
(3437
Hrign * GMachind;r,, 0.03
(3.30)*
dK 048 048 048 047 0.47 047
(666"  (6.72)° (687"  (6.86)° (670  (6.74)7
dL 0.64 0.65 0.73 0.73 0.56 057
(238)° (241" (278° (2777 (217° (220"
R 0.68 0.68 0.71 0.71 0.69 0.68
F-stat. 24.8 24.7 26 223 350 4.7
N 52 52 52 52 52 52
Normality P-value 0.92 091 0.97 0.98 0.96 0.93

Note:  White's heteroskedasticity correction used; t-statistics in parentheses; the superscript a denotes

significance at the 1 per cent, b at the 5 per cent and c at 10 per cent confidence level.

It may be argued that including primary, secondary and tertiary schooling in the measure of
human capital results in too broad a category to be used in association with technology. Thisis because
only that part of the labour force with advanced education will be able to conduct domestic R&D



activities. Moreover, Bartel and Lichtenberg (1987) have shown that more educated workers have an
advantage in implementing imported technology. Therefore, the regressons were run with two
modifications: first, the human-capita variable measuring domestic R& D activities was defined as the
share of the adult population with some tertiary and completed secondary education (Hnign) and,
second, the human-capital part of the interaction term between human capital and imported machinery
in model 2 was defined as the share of the adult population with some secondary education (Hmegium)-
The interaction term in model 3 uses Hrign. The results of this exercise are shown in table 9 for imports
of general-purpose machinery (the results for total machinery imports are not materialy different, and
are thus not shown). With this specification, al the variables regarding human capital have the
expected sign, while the interaction terms remain statistically highly significant in both models 2 and 3.

V. CONCLUDING REMARKS

This paper has explored technology transfer to developing countries and its contribution to
economic growth. The paper highlights the importance of trade as a vehicle for technologica spillovers
and attempits to trace the combined role of human capitd and technology diffusion in economic growth
during the trangition to the steady state.

The statistical analysis of the evolution of machinery imports by developing countries shows that
the technological integration of these countries as a group has increased, but that comparatively few
individua countries account for this phenomenon. There is some evidence suggesting that economies
either () located in South-East or East Ada, or (ii) very smal or large sized, or (iii) with a good
investment climate, or (iv) with a large minerals sector, have made the most advance in technological
integration; but it is clear that there are wide discrepancies even among these countries. In spite of a
substantial increase over the past two decades, the importance of machinery imports from
technologicaly more advanced developing countries remains small compared to such imports from
developed countries.

The results of the growth-accounting exercise for a sample of 53 developing countries that
relates productivity differences to differences in the stock of human capital and machinery imports
suggest a pogitive and datigtically strongly significant impact of the combination of machinery imports
and the stock of human capital on economic growth during the transition to the steady state. This
impact is most significant when genera-purpose machinery imports are combined with that part of the
labour force which has a high level of education. An important implication of thisfinding is that the role
of human capital in economic development is described best as affecting the speed of adoption of



technology from abroad and hence productivity, rather than as being an independent factor of
production.

These results suggest that an important determinant of the benefits which developing countries
can regp from globalization is whether they can ignite a smultaneous increase of technology diffusion
and the skill level of the domestic labour force. This implies a need for government policy to sustain
incentives for both human capital formation and a reduction in the cost of technology adoption. The
coordination of such efforts is cruciad because investment in human capital alone would lead to
diminishing returns of skill accumulation, while increased technology transfer adone is unlikely to be
enduring and might have negative developmenta effects from rising income inequality.

To the extent that disparities in productivity reflect differences in the technology that countries
use, it will be important to improve policies and ingtitutions that permit developing countries to benefit
from advanced technologies. It appears that unilatera trade liberaization in developing countries has
not had the expected positive effect on technology imports and growth. This is due, at least to some
extent, to the insufficiency of export revenues which has tightened the balance-of-payments constraint
and reduced the beneficia effects of improved access to foreign technology. While congtraints on the
earning capacity of developing countries are partly of domestic origin (for example, impediments to
productive investment and an insufficient level of human capital), the continued existence in devel oped
countries of trade barriers in areas of export interest to developing countries is likely to have aso
played a role. Action on this front taken by developed countries would be an important step towards
increasing the growth prospects of developing countries.



APPENDIX

Coverage and sources of data

The sample of 89 developing countries used in the statistical analysis of section 11 includes the
following countries. Afghanistan, Algeria, Angola, Argenting, Bangladesh, Benin, Bolivia, Brazil,
Burkina Faso, Burundi, Cameroon, Central African Republic, Chad, Chile, China, Colombia, Comoras,
Congo, Codta Rica, Céte d'lvoire, Democratic Republic of Congo, Dominican Republic, Ecuador,
Egypt, El Salvador, Equatorid Guinea, Ethiopia, Gabon, Gambia, Ghana, Guatemala, Guinea, Guinea
Bissau, Guyana, Haiti, Honduras, Hong Kong (China), India, Indonesia, Iran, Irag, Jamaica, Jordan,
Kenya, Kuwait, Libya, Madagascar, Malawi, Maaysia, Mdi, Mauritania, Mauritius, Mexico, Morocco,
Mozambique, Myanmar, Nepal, Nicaragua, Niger, Nigeria, Papua New Guinea, Pakistan, Paraguay,
Peru, Philippines, Republic of Korea, Rwanda, Saudi Arabia, Senegal, Sierra Leone, Singapore, Sao
Tome and Principe, Somdia, Sri Lanka, Sudan, Syria, Taiwan Province of China, Thailand, Togo,
Trinidad and Tobago, Tunisia, Turkey, Uganda, United Arab Emirates, United Republic of Tanzania,
Uruguay, Venezuela, Zambia, Zimbabwe.

Developing countries with significant domestic R&D expenditures (15 countries): Argentina,
Brazil, Chile, China, Hong Kong (China), India, Indonesia, Mexico, Pakistan, Republic of Kores,
Singapore, Tawan Province of China, Thailand, Turkey, Venezuela.

The sample of 53 developing countries used in the regresson analysis of section 1V includes the
following countries: Algeria, Argentina, Bangladesh, Benin, Bolivia, Brazil, Cameroon, Centra African
Republic, Chile, Colombia, Costa Rica, Dominican Republic, Ecuador, El Salvador, Ghana, Guatemala,
Honduras, Hong Kong (China), India, Indonesia, Iran, Jamaica, Jordan, Kenya, Malawi, Maaysia,
Mali, Mauritius, Mozambique, Nicaragua, Pakistan, Papua New Guinea, Paraguay, Peru, Philippines,
Republic of Korea, Rwanda, Senega, Sierra Leone, Singapore, Sri Lanka, Syria, Taiwan Province of
China, Thailand, Togo, Trinidad and Tobago, Tunisia, Turkey, Uganda, Uruguay, Venezuela, Zambia,
Zimbabwe.

Breakdown of “machinery and transport equipment” imports (SITC Revision 1 codes):
Machinery: 71+ 72 + 86169 + 89112, less 71941, less 7295, less 71966, less
7241, less 7242, less 725, less 71962, less 7293

(correspondsto SITC Rev. 2: 71-77, less 7613, less 775-776)

Transport equipment: 73 + 8941 + 71966 + 89999
(corresponds to SITC Rev. 2: 78-79)

Television and radio-broadcast 7241 + 7242 + 89111 + 725 + 71962 + 6566
receivers, gramophones, and (corresponds to SITC Rev. 2: 761-3 plus 775)
household equipment:

Parts and components for 71492 + 86169 + 7249 + 89112 + 7222 + 7293
dectrica and eectronic goods (correspondsto SITC Rev. 2: 759, 764, 772, 776)

The sum of the above correspondsto SITC Revision 2, section 7.



The following sub-categories of “machinery” have been made:

Agricultura machinery and tractors: 712 (correspondsto SITC Rev. 2: 721 + 722)
Textile and leather machinery: 717 (corresponds to SITC Rev. 2: 724)

Paper and pulp mill machinery: 7181 (correspondsto SITC Rev. 2: 725)
Food-processing machinery: 7183 (correspondsto SITC Rev. 2: 727)
Construction, mining, metal crushing: 7184 + 7185

Metalworking machinery: 715 + 71954 + 72992

(correspondsto SITC Rev. 2: 736 + 737)

Data sourcesfor table 3

Panel A:

Pandl B:

Panel C:

Investment data from World Bank, World Development Indicators CD-ROM 1999.

Risk data from Politicd Risk Services, 1996, International Country Risk Guide.
Syracuse, New Y ork.

Dataon FDI from UNCTAD (2000b).
Education data from Barro and Lee (2000).

Land and population data from World Bank, World Development Indicators CD-
ROM 1999.

Distance to closest mgjor port: Galup et a. (1999).

Minera reserves: value of known metal, gas, cod and oil reservesin 1990 per unit of
land area (US$ million per square kilometre). For the data sources, see Wood and
Mayer (1998).

External debt: Easterly and Y u (2000).

Exports as a capacity to import reflects the current price value of exports of goods
and services deflated by the import price index (in loca currency): World Bank,
World Development Indicators CD-ROM 1999.

Export data from World Bank, World Development Indicators CD-ROM 1999.
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Results of the extension of the regression analysis to the period 1970-1997

ANNEX

Given that a deflator for investment goods is not available, the time series on the stock of

physical capital was extended, using the rate of gross domestic investment; an annual depreciation rate
of 0.07 was assumed, as suggested by King and Levine (1994). The 1997 values of the education
variable were caculated as arithmetic averages between the 1995 values and the estimates for 2000 in

Barro and Lee (2000). The regressions on the extended period include a smaller number of countries

because some of the required data are not available for the entire sample.

Table Al

Cross-country growth regressionswith overall educational attainment and machinery imports, 1970-1997

Dependent variable — differencesin log levels of per capitaincome

Model 1 Model 2 Model 3
Constant -039 039 031 024 -001  -001
(205" (-2.00)° (-158) (-1.10) (-0.03) (-0.05
H 0.12 012 0.09 0.07
(4577  (446)7° (3317 (215"
Machin, 0.08 0.05
(6.30) (1.87)°
H * Mach;m, 0.01 0.03
(083 (6.03°
Machind;, 0.08 0.04
(6.03° (0.94)
H * Machind;n, 0.02 004
(1.13) (552
dK 0.37 0.39 0.36 0.38 0.36 0.38
(6357  (6.64)° (5877 (6127 (5587  (6.10°
dL 027 029 031 035 -037 040
(-117) (119 (-1.30) (142 (-1.65) (177
R 0.80 0.78 0.80 0.78 0.78 0.77
F-stat. 412 363 326 29.2 489 458
N 46 46 46 46 46 46
Normality P-value 0.80 0.74 0.85 092 0.88 0.70

Note:  White's heteroskedasticity correction used; t-statistics in parentheses; the superscript a denotes
significance at the 1 per cent, b at the 5 per cent and c at 10 per cent confidence level.
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