
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/


UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
economy environment @0ilil[pO@)J0ilil@01l0



D~ [0QD0liffiD&[1
[0~w~[1@ [PLJDU~ ~ U

ffi~[P@ffiu ~@@~/~@@~

C{[))mpeting
1tIh7f'{[))1Jjjg Ih
i 1I!)/!a@1J)afti@ n
and/lea7f'n in g

~.~ UNllED NAl~ONS ~NDUSlR~Al DEVELOPMENl ORGAN~ZAlION
~~i! Vienna, 2002~



Copyright @ 2002 United Nations Industrial Development Organization

The designations employed and the presentation of material in this publication do not imply the expression
of any opinion whatsoever on the part of the Secretariat concerning the legal status of any country,
territory, city or area, or of its authorities, or concerning the delimitation of its frontiers or boundaries.

Designations such as "developed", "industrialized" and "developing" are intended for statistical conven-
ience, and do not necessarily express a judgement about the state reached by a particular country or area in
the development process.

This publication has not been formally edited.

The mention of firm names or commercial products does not imply endorsement by UNIDO.

Material in this publication may be freely quoted or reprinted, but acknowledgement is requested, together
with a copy of the publication containing the quotation or reprint.

10/414

UNIDO Publication
Sales No.: E.02.II.B.13
ISBN 92-1-106420-1



1rHE CURRENT PREDICAMENT OF MOST DEVELOPING COUNTRIES AND

the state of the global economy deflate the optimism
in the United Nations Millennium Declaration and the

Millennium Development Goals. The problem is not just the
apparent wedge between targets and trends. It is the more
fundamental differences in what to expect of the future and
how to get there.

Take equity and efficiency. Proponents of each see themselves
as offering the best possible way to maximize both social fair-
ness and economic progress in the long run. But even a par-
tial marriage of the two (often) polar views is not yet in sight,
despite the development community's sorely felt need.

Productivity growth, equity, poverty eradication and security
can all reinforce one another. But for that to happen requires
attentiveness to the widespread access to wealth-creating
assets, especially through education, the basis for acquiring
skills and grasping opportunities. Countries need to pass
thresholds on the route to becoming productivity-driven
economies. They also need to put in place strategies and poli-
cies to sustain productivity gains over time. UNIDO's research
agenda centres on these efforts-to advance today's devel-
opment agenda. '

With more ability to create wealth, people and countries can
achieve sustainable livelihoods, begin to attack poverty and
have the rule of law take hold. But this requires a massive
mobilization of skills and capabilities, while fostering greater
equity. In turn, an economic and social system that offers the
right public goods and that rewards the opportunities for
equitable and efficient growth is the best guarantee for the
rule of law and security for all.

Poor countries stay poor when low productivity leaves poverty
and inequity untouched, slowing growth and hobbling the
innovative forces of society. The challenge for policymakers is
to move to a virtuous circle where productivity gains reduce
poverty and enhance social equity-which can then feed eco-
nomic growth.

iii

A strand of contemporary thought on development holds that
reducing poverty and promoting equity need not compromise
growth. UNIDO strongly subscribes to this view. Indeed,
UNIDO views social progress as an essential part of sustained
growth. To break the negative links between equity and effi-
ciency, direct policy action is needed to enhance the com ple-
mentarities among equity, productivity and growth.

Recent cases of countries catching up strongly suggest that
improvements in equity and reductions in absolute poverty do
much for attaining sustainable productivity increases and for
sharply narrowing the income gap with the advanced
economies. That productivity growth has the salutary effect
of also favouring further improvements in social equity.
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Development thought now stresses innovation, technological
change and other intangibles at least as much as capital accu-
mulation. Trickle-down effects through cross-border capital
and technology flows have benefited only a handful of devel-
oping countries. Why? Because those are the only countries
that paid attention to increasing productivity and creating a
good climate for investment. Too many other countries are
still missing the domestic links between productivity growth,
equity and poverty. And they are not taking advantage of
increasing returns and agglomeration economies. Their real
problems: weak commitments to development and poor
implementation of policy reforms.

So, trickle-down effects, though desirable, now seem far from
automatic. Needed instead is deliberate action. Developing
countries have to foster the diffusion of technology to them
and within them, both in quantity and quality. They also have
to break the negative links between low equality and low pro-
ductivity. In short, they need development policies directed
explicitly to reducing poverty. Only with such policies will it be



possible for a substantial part of the developing country pop-
ulation to share in the benefits of globalization.

Economic growth, 50 essential for eradicating poverty, rests
on the accumulation of physical and human capital and, very
importantly, on the gains in productivity. Catching up rapidly
rests, in addition, on a fast rate of structural transformation.

Normally associated with the initial phases of catching up
quickly are rapid capital accumulation, dramatic increases in
labour participation and the large-scale absorption of foreign
technology. To maximize productivity, each requires signifi-
cant learning-50 that society can assimilate, adapt, master,
develop and efficiently use foreign technology. This learning,
and the institutional and policy setups that enable it, starts
with mobilizing domestic innovative capabilities to fuel sus-
tained structural change.

Opening the economy fosters both domestic competition and
inflows of embodied and disembodied technology. And given
the drive to export, it spurs the domestic diffusion of inter-
national productivity and quality standards through exposure
to international competition.

As countries begin to catch up, innovation-driven produc-
tivity gains have to become the engine of growth. The rea-
son is that input-driven growth eventually runs into rapidly
diminishing returns-unless supported by the assimilation,
adaptation and mastery of rapidly changing technologies. In
a world where continuous innovation and international
competition drive one another, countries have to devote
special effort to keeping up with the advancing technolog-
ical frontier.

Faced with this challenge, the development agenda needs to
give pride of place to policies for sustainable productivity
growth. Countries have to establish framework conditions for
the rich interplay of resources, markets and institutions. They
have to expose themselves to the spurs of competition in the
international economy. And they have to supply the public
goods needed to match gains in efficiency with improvements
in equity.
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The least developed countries, still struggling to meet the
basic human needs of their population, have had their health,
social and economic standards slip over the last few decades.
Indeed, the real per capita income of 30 developing countries
is lower today than it was 35 years ago.
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For the more advanced developing countries the development
priority is to deepen and upgrade their links with the world
economy 50 that they can apply their innovative capabilities to
international competition and domestic development. For the
least developed countries the key development priority is to
take the first steps towards being able to do this. They need
to set policies that allow them to take a greater part in inter-
national trade, investment and technology flows. Yes, macro-
economic stability and a sound incentive system are important.
But 50 is attending to basic human needs, strong institutions
and the building of social capital.
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Much economic reform in developing countries was based on
the assumption that equity and wealth creation would come
from market-led structural reforms. But the record shows that
countries heeding the prescriptions saw equity deteriorate-
and efficiency gains turned out to be short-lived and elusive.

The reason is that the policy reform packages of the 19905
were unbalanced-in the best of cases having only two of the
three legs to support a durable social consensus in the fight
against poverty and the drive for sustainable development.
Macroeconomic and institutional reforms have made some
difference. But the third leg-ensuring enduring productivity
gains by mobilizing the innovative potential of society-has
been missing.

Innovation and technological learning were expected to fol-
low. But for the most part they did not. Hence the attenuated
effect of the macroeconomic and institutional reforms.
Overcoming this deficit is still a major task-one that UNIDO
addresses as a fundamental part of its mandate.
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The ability of a social system to achieve high rates of economic
growth and at the same time improve equity lies in its capac-
ity to ensure ample access to income-generating assets across
the population. That is one of the key lessons from the recent
industrialization experience.

The most sustainable income-generating assets are not nec-
essarily physical or financial-they are human, embodied in
people and institutions. These assets comprise entrepreneur-
ial, management, technical and scientific knowledge as well



as governance systems and codes of conduct. A society that
makes universal access to knowledge and skills a key priority
is much more likely to marry equity and efficiency than a soci-
ety that does not.

Investing in formal education is just one aspect of this. An
innovative and competitive private sector is essential. So are
institutions and incentives geared to eradicating corruption,
ensuring the rule of law, promoting social capital and eas-
ing resource reallocation. At the base, of course, is a com-
petitive business environment and sound macroeconomic
management. Efficiency with equity can be achieved only
when markets, agents and institutions interact to diffuse the
fruits of technical progress and so to improve all sectors of
society.
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The new development round of trade negotiations addresses
the perception that the opportunities to draw on the benefits
of the Uruguay Round agreements have not been evenly dis-
tributed across countries.

The substantial protectionism still prevailing in international
trade is clearly biased against activities in which developing
countries enjoy greater comparative advantages, such as agri-
culture and labour-intensive manufactures. Moreover, devel-
oping countries can take advantage of market access to
industrialized countries only by conforming to their stringent
sanitary, phytosanitary and other regulations and standards.
To do this, they have to overcome their technical and
scientific underdevelopment.

A rule-based international system in which most members
cannot play is doomed. Developing countries, especially the
least developed, should not be held to standards they cannot
meet today. What would be fair is to hold them to relaxed
standards they can meet-and to give them assistance for
increasing their capacities. Only a major concerted effort by
the international community to remove obstacles to market
access and support developing countries' capacity building to
conform with the rules can redress intercountry disparities.

Natural resources are as much for creating wealth as for
improving human welfare. When economic activity is harm-
ful to the environment, resource productivity today is aug-
mented at the expense of resource productivity tomorrow.

To the extent that the neglect of natural capital affects global
commons, international norms need to be set and complied
with-just as when the health, safety and security of the pop-
ulation are at stake. But developing countries have to con-
form to the emerging international norms as well, and for this
they need home-grown scientific and technical capability.

***

These are the main messages of this report, the first of a new
UNIDO series devoted to the various dimensions of industrial
development highlighted in this foreword. This new series is
intended to build on development policy experience and to
advance the frontiers of current thinking, with a focus on the
least developed countries.

...

Carlos Alfredo Magarinos
Director-General

UNIDO
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References to dollar ($) are to U.S. dollars, unless otherwise specified.

Billion means 1,000 million.

References to tonnes are to metric tonnes, unless otherwise specified.

Country classifications by income levels are from World Bank (2001 b) World Development Indicators 2001. Economies are
divided according to 1999 gross national income (GNI) per capita, calculated using the World Bank Atlas method. The income
groups are low income, $755 of less; lower middle income, $756-$2,995; upper middle income, $2,996-$9,265; and high
income, $9.266 or more.

The designation of least developed country follows the United Nations definitions, which is based on three criteria: low income
(less than $900 estimated GDP per capita, three-year average), weak human resources and economic vulnerability.

The following symbols are used in tables:
Two dots (..) indicate that data are not available or are not separately reported.
A dash (-) indicates that the amount is nil or negligible.
na is not applicable.

Totals may not add precisely because of rounding.

The UNIDO Scoreboard database on selected indicators of industrial performance and drivers draws on numerous databases,
as detailed in the technical annex.

The following abbreviations appear in this publication.

BIPM
BIS
CIP
CO2
COTEX
CPC
EDF
EPZs
EU
FDI
GAD
GATS
GDI
GDP
GNI
GNP
HKPC
ICICI
IMF
ISO
ITMIN
ITRI
JPC-SED

Bureau International des Poids et Mesures
Bureau of Indian Standards
competitive industrial performance
carbon dioxide
Consortium of Textile Exporters
China Productivity Centre
Enterprise Development Fund
export processing zones
European Union
foreign direct investment
General Agreement on Tariffs and Trade
General Agreement on Trade in Services
gross domestic investment
gross domestic product
gross national income
gross national product
Hong Kong Productivity Council
Industrial Credit and Investment Corporation of India
International Monetary Fund
International Organization for Standardization
Industrial Technology and Market Information Network
Industrial Technology Research Institute
Japan Productivity Centre for Socio-Economic Development
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MAC
MEP
MHT
MIDA
MFA
MVA
NAFTA
NAMAC
NCPC
NCS
NGOs
NIST
OBM
ODM
OECD
OEM
PSB
R&D
SAR
SDF
SERCOTEC
TRIMS
TRIPS
UNCTAD
UNEP
UNESCO
UNIDO
USIMINAS
WTO

Manufacturing Advisory Centres
Manufacturing Extension Partnership
medium and high tech
Malaysian Investment Development Agency
Multi-Fibre Arrangement
manufacturing value added
North American Free Trade Agreement
National Manufacturing Advisory Centre
National Cleaner production Centres
Network Computer Systems
non-governmental organizations
National Institute for Standards and Technology
own brand manufacturing
own design manufacturing
Organisation for Economic Co-operation and Development
original equipment manufacturing
Productivity and Standards Board
research and development
Special Administrative Region of China (Hong Kong)
Skills Development Fund
Servicio de Cooperaci6n Tecnica
trade-related investment measures
Trade-Related Intellectual Property Rights
United Nations Conference on Trade and Development
United Nations Environment Programme
United Nations Educational, Scientific and Cultural Organization
United Nations Industrial Development Organization
Usinas Siderurgicos de Minas Gerais SA
World Trade Organization
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WHAT IS THE STATE OF INDUSTRIAL DEVELOPMENT AROUND THE

world? Perhaps the clearest impression is that of
diversity and divergence. A few developing

economies have done very well in recent years in coping with
the fast-changing industrial scene. But others, a disturbingly
large number, have done badly. This is hardly news. It is now
well known that economic performance, particularly industrial
performance, is highly variable among developing economies.
This is accepted as part of the hard reality of development and
globalization. Early models of inevitable convergence, based
on simple neoclassical growth models, have given way to more
diffuse analyses stressing that structural, institutional and
socia.1factors may continue to drive economies apart.

UNIDO endeavors to build on the consensus for macroeconomic
stability, institutional reform and open trade and investment. It
takes it as given that technological change will continue at a
rapid pace-and that economies will be knitted together by freer
flows of information and productive factors and by the interna-
tional rules of trade and investment. In this setting, the ability to
compete internationally will be the basic condition for growth in
the industrial sector. Relying on such static endowments as pri-
mary resources and cheap unskilled labour may be a good way
to start, but it is a bad way to continue.

Most of the effort has to come from within economies, provid-
ing the right environment for capability building and investing in
the necessary factors and institutions. But such local efforts
should be helped from outside. Opening markets completely in
developed economies will help greatly, but much more is
needed to narrow the widening gap between economies and
to build industrial capabilities in developing economies. Indeed,
this is the mission of UNIDO-building and enhancing industrial
capabilities. UNIDO continues to work to narrow that gap and
to ensure the international community's support with financial
and other resources. It is with this purpose that UNIDO launches
its first Industrial Development Report.

This report shows starkly how wide the dispersion is in levels of
industrial development, how much it has grown and, most

important, how it reflects structural factors. Those structural fac-
tors are difficult to alter in the short to medium term-and often
cannot be left to reverse themselves. Nor can they be expected
to improve simply by exposing economies to rapid liberalization
and globalization. They thus raise strong policy concerns. The
international community and national governments together
have to address the growing structural gaps that drive diver-
gence. If they do not, there isa real risk of serious long-term mar-
ginalization of many countries from the dynamics of industrial
development. The clear solution is to follow the high road to
competitiveness-to develop capabilities and increase produc-
tivity growth through concerted innovation and learning.

The report also shows that successful developing economies
have used widely differing strategies to build industrial capa-
bilities and compete in world markets: building capabilities
through domestic research and development (R&D), through
foreign direct investment or through a combination of the
two. Some, but relatively few, have succeeded by drawing in
foreign technology largely at arm's length while building
strong technological and innovative capabilities in local firms.
Others, a larger number, have gone some way by plugging
into global value chains, becoming suppliers of labour-
intensive products and components, without having strong
domestic capabilities. Of these economies, a few have man-
aged to combine their reliance on foreign direct investment
with strong industrial policy, targeting the activities they wish
to enter and the functions they wish to upgrade. Others have
tapped the potential of foreign direct investment by more
passive policies, benefiting from sound economic manage-
ment, pro-business attitudes, attractive locations and plain
good luck. The less successful developing economies-and
there are many-have not managed to follow any of these
strategies effectively.

At first sight, the best strategy for developing economies
without strong technological capabilities is to find their way
into the production systems of global value chains and let
local capabilities develop slowly. While recent experience of
global production systems shows that this works, some cau-
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tion is called for. Latecomers entering global production sys-
tems will find it difficult to sustain growth as wages rise-
unless they can raise their skill, technological and institutional
bases. Plugging into global value chains does not by itself
ensure that participants will upgrade their capabilities. Yet
such upgrading is essential. Moreover, global production sys-
tems are highly concentrated, and the concentration rises
with the sophistication of the technology.

With globalization and liberalization on the rise, economies
must be internationally competitive to prosper and grow.
Governments have reduced or are reducing restrictions on
trade, international finance and foreign direct investment.
Domestic liberalization is being strengthened by new inter-
national rules of the game for economic activity. Production
across national boundaries is being integrated under common
ownership or control-often in the hands of a small number
of large private companies-making it even more difficult to
isolate economies from world market forces. Technical
change is underpinning these processes. The result is that
enterprises are exposed to global competition with an imme-
diacy and intensity rarely seen before.
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The Scoreboard introduced in this report provides information
on crucial aspects of industrial development and competi-
tiveness. It has two parts: an index of a country's ability to pro-
duce and export manufactures, and benchmarks of the
structural drivers of industrial performance.

Benchmarking industrial performance

The competitive industrial performance (CIP) index measures
the ability of countries to produce and export manufactures
competitively. It is constructed from four indicators: manufac-
turing value added per capita, manufactured exports per
capita, and the shares of medium- and high-tech products in
manufacturing value added and in manufactured exports. The
first two indicators tell about industrial capacity. The other two
reflect technological complexity and industrial upgrading.

A ranking of 87 economies (selected on the basis of data avail-
ability for inter-economy comparison) by the CIP index reveals
a general and expected pattern: industrialized economies con-
gregate near the top, transition economies and middle-income
developing economies around the middle, low-income devel-
oping economies and least developed economies at the bot-
tom. Looking at the regional averages for developing
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economies shows East Asia leading the CIP ranking in 1998,
followed by Latin America and the Caribbean, Middle East and
North Africa, South Asia and Sub-Saharan Africa.

The stability of the CIPranking over time confirms that industrial
performance is path-dependent and difficult to change. But
there have been some leaps. Major improvements have been
experienced since 1985 by middle-income developing
economies (China, Costa Rica, Malaysia, Mexico, the Philippines
and Thailand). Enhanced industrial performance in these
economies has been triggered, to a great extent, by their inser-
tion into global value chains through transnational corporations.

Low-income economies remain at the bottom in the CIP index
and the gap between least developed economies and other
developing economies widened during the period
1985-1998. This points to growing industrial divergence
within developing economies. Low-income economies have
not moved up the technology ladder. Evidence suggests that
42 developing economies had a technology structure in 1998
similar to that in 1985. Only 16 developing economies (of the
58 in our sample) have shown dynamic production and export
structures towards technology-intensive products.

Industrial production and manufactured exports within devel-
oping economies are highly concentrated. The top 5 countries
account for 60 percent of developing country industrial pro-
duction and 61 percent of exports. By contrast, the bottom
30 countries account for only 2 percent and 1 percent. Most
worrying, these shares declined during 1985-1998.

Benchmarking the "drivers" of industrial
performance

Industrial performance is the outcome of many social, politi-
cal and economic factors interacting in complex and dynamic
ways. The purpose here is to benchmark economies on their
key structural variables-referred to here as drivers-using
available data. This report focuses on five proxy variables for
drivers directly relevant to industry: skills, technological effort,
inward foreign direct investment, royalty and technical pay-
ments abroad and modern infrastructure.

Singapore led developing economies (and the world) in for-
eign direct investment per capita in 1998, while Hong Kong
Special Administrative Region (SAR)of China was in fifth place.
Other developing economies among the top 20 recipients of
foreign direct investment were Malaysia and Chile; one tran-
sition economy, Hungary, also ranked among the top 20.
Singapore and Hong Kong SAR ranked among the top 5 in
payments for technology per capita, followed in the develop-
ing world by Malaysia, Taiwan Province of China and the



Republic of Korea. Singapore ranked third in physical infra-
structure, with Bahrain and Hong Kong SARalso in the top 20.

The ranking of economies by each driver of industrial per-
formance shows considerable stability over time (just as the
ranking by the CIP index does). Thus the ranking of economies
by R&D spending per capita for 1998 is highly correlated with
that for 1985, and so on. Even so, some countries changed
their relative position significantly between 1985 and 1998,
such as Uruguay in the skills index, Ecuador in R&D per capita
and Tunisia in foreign direct investment per capita.

Indigenous technological effort (proxied by enterprise R&D)
appears to be one of the most important factors for improv-
ing industrial performance, in industrialized and developing
countries alike. Foreign direct investment has become central
to competitive performance (especially in fast-moving indus-
tries) as global production systems have grown in importance.
And skills and infrastructure continue to be key drivers.

But indigenous technological capabilities do not always match
industrial performance. Some economies with high capabili-
ties have "underperformed" due to a disabling regulatory
environment, macroeconomic instability and other funda-
mental factors. Bahrain, Hong Kong SAR and Panama are
among them. Similarly, economies with relatively low capabil-
ities have "overperformed", rapidly upgrading their export
structures, led by transnational corporations. They include
Malaysia, Mexico, the Philippines and Thailand.

Among developing economies, industrial capabilities are
highly concentrated, with East Asia leading in all factors.
Industrial divergence among developing economies is even
more acute when looking at technological capabilities. For
instance, the bottom 30 economies account for only 2 per-
cent of developing economy foreign direct investment inflows
in 1998, and their R&D expenditure, technology license pay-
ments and Internet hosts are almost negligible.
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The report demonstrates that building technological capabili-
ties is a long, costly and risky process, which many developing
economies cannot afford entirely on their own. But the emer-
gent global setting opens up alternatives for developing
economies to build up such capabilities. Although external
sources can be used by developing economies to stimulate
industrialization, building domestic industrial capabilities is a
must if industrial growth is to be rewarding and sustainable. In
today's interdependent world, connectivity to the external

sources of technology and market access remains vital for
industrial success. Tapping into global value chains, especially
in knowledge-driven sectors, can be a good means to enter
global markets and gain access to new technology and
knowhow.

Enterprises in developing countries generally start the inno-
vation and learning process by importing new technology;
they then invest in building their capabilities to master the
tacit elements. How much they invest depends on the incen-
tives thrown up by markets, mainly by the competition faced
in foreign and domestic markets, as well as on the ability to
assesscomplementary supporting activities. Enterprises draw
on internal and external resources-both foreign and
domestic-to build their capabilities. The process starts with
capabilities needed to master the technology for production
purposes and may deepen over time into improving the tech-
nology and creating new technology.

Linking, leveraging and learning capture what enterprises-and
countries-have to do to enable their technological
development.

o Linking-connecting with outsiders to acquire needed
technologies and skills.

o Leveraging-going beyond arms-length transactions to
squeeze as much as possible from the new relationships
with those outsiders.

o Learning-making the many efforts to master process
and product technologies, consciously building the foun-
dation for improving current technologies and creating
new ones.

Whatever the process, enterprises have to start with their ini-
tial complement of resources, technologies, skills and capa-
bilities. It is what they do with these elements that counts. The
most important thing an enterprise can do is accelerate its
acquisition of capabilities by looking overseas to obtain infor-
mation, purchase machinery, acquire bits of technology,
bring in consultants and so on. An important part of this can
be linking up with other enterprises or institutions, locally or
overseas, through formal or informal ties. Strategically, it
makes a lot of difference what choice is made-but the
choices are also heavily constrained by the enterprise's com-
petence and the options available to it.

Latching onto global value chains

The report shows how firms and economies can build a foun-
dation for ongoing innovation and learning by competing in
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global value chains. Spread around the world, enterprises in
global value chains perform related activities to bring a prod-
uct (or service) from design and product development to pro-
duction, marketing and sales and to consumption, after-sales
services and eventual recycling. The advantage of latching
onto global value chains is that firms can seek involvement at
their level of technological competence.

Competing in global value chains can build foundations for
industrial innovation and learning. Crucial factors for latching
onto a global value chain are not only the hard facts of price,
quality and punctuality but also the willingness to learn and
to absorb advice from the lead enterprises. Global value
chains can thus unleash enterprises-but they can also con-
strain them. Particularly in manufacturing, the insertion of
local activities in wider networks is an opportunity for devel-
oping countries to upgrade their capabilities.

But entering global value chains does not provide an assured
ride up a capability escalator. It is often a fast track to acquir-
ing production capabilities, but moving further up the chain
can lead to conflicts with existing customers. Some firms even
have had their capabilities downgraded as a result of their
integration in global value chains. So, it makes sense for late-
comers to use all the resources they can acquire from the
advanced world, in return for providing such services as low-
cost manufacturing. But this requires a strategic choice to use
the links for domestic development.

Helping firms solve problems and grasp
opportunities

The report also details how-and whether-support institu-
tions can help firms meet the information, skill, finance and
other needs that are difficult to satisfy in open markets. A nur-
turing environment is required to foster vibrant industrial
development. And ensuring access to vital services that sup-
port innovation and learning is a critical part of establishing
that environment. Many of these services are supplied
through the market in industrialized countries, but even these
countries find it necessary to augment what is supplied
through the market with subsidized services. Various consid-
erations provide ample justification for the provision of sub-
sidized services to support the process of innovation and
learning-even more for developing countries.

Many types of institutions are essential in supporting innova-
tion and learning by firms. Infrastructure determines the cost
of operation and interacting with the outside world. Training
and specialized education are very important, as are financial
services. The focus here is on the institutions directly sup-
porting the innovation and learning efforts of firms.
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What principles, then, should guide the provision of the sub-
sidized services for innovation and learning? The report con-
siders three to be paramount.

o First, support institutions should be established and man-
aged and subsidized services provided within the frame-
work of the national strategy for industrial development.

o Second, as a general rule, subsidized provision of indus-
trial services has more justification the more widely shared
the specific services rendered.

o Third, the services and organizations should not be sup-
plied solely by government. As quickly as is feasible, they
should be supplied in public-private partnerships or by pri-
vate firms and associations-with subsidies, if justified, or
without, if the market can supply the services.

Formulating strategies

Developing economies can build competitive industrial capa-
bilities in the current setting. Also clear is that building these
capabilities needs extensive policy support. The success of
developing economies that employed industrial development
policies in export-oriented environments-with complemen-
tary policies to build skills, technological capabilities and sup-
porting institutions and to leverage foreign resources-shows
that such strategies can radically transform the industrial
landscape in just a few decades.

The report argues that the basis of any coherently framed
industrial strategy is a national vision of industrial
development-a vision to get on the high road to competi-
tiveness by increasing productivity growth through con-
certed innovation and learning. Foresight exercises offer a
disciplined means for determining targets and the ways to
achieve them in formulating industrial development strate-
gies. The focus of these exercises in developing economies
differs from that in industrialized economies in that the
objective is to catch up with the global technological fron-
tier, not to remain on, or at the forefront of, the changing
frontier. Even so, developing economies require foresight in
relation to existing industries-not simply for keeping up but
also for catching up to a shifting frontier-and in relation to
industrial activities for which potential competitive advan-
tage is within grasp.

The report makes three major points on the policy process.
First, policy needs vary with the level of development. As mar-
kets and institutions become more efficient and complex, the
need for direct interventions falls and the potential costs rise.
Second, industrial development policy must be systemic. No



1-------------------------------------------------------

strategy can succeed unless it dovetails physical investment in
capacity with technology development, skill building, cluster
strengthening and so on. Third, policies must correspond to the
phase of learning and so must change accordingly: policies in
the infant phases of capability building must differ from those
in the mature phase, when R&D and frontier innovation
become vital.
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Industrial development can drive human development and
national development. By attending to the drivers of indus-
trial development countries can greatly improve their poten-
tial industrial performance. Needed are policies to ensure
sustained productivity growth with an emphasis on equitable
distribution. Only when countries achieve this will they turn
onto the high road to development, drawing fully on world
trade and investment flows and connecting their people to
the global economy.

Developing economies have to deliberately mobilize the key
ingredients of productivity growth and spread them widely.
Getting the macroeconomy right and opening up to trade and
investment is only a first step. And it is one that needs to be
handled carefully: many countries have rushed into it without
adequate preparation. If they stop here and make no delib-

erate effort to build up the widest possible base of higher
order skills, capabilities and institutions, growth will slow
down or grind to a halt.

Countries have to build the capacities to take on, at compet-
itive levels, more complex activities that use emerging tech-
nologies and sustain rising wages. This entails building the
institutions and providing the support to create new skills,
information and capabilities. These ingredients of success are
hardly a secret. What is difficult is to devise and implement
practical strategies to suit the specific needs of particular
developing economies.

The task is broad and challenging. It is also slow, difficult and
detailed. It requires understanding and tackling the basics of
small, incremental changes on which received theory provides
little guidance. It entails constant adaptation and learning on
the part of policymakers. And it has to call forth the cooper-
ation of a range of agents, private and public, as well as new
forms of governance that are difficult to introduce.

In all this, countries need consciously to build their techno-
logical capabilities through concerted innovation and learn-
ing. To get the productivity gains promised by such efforts
they need, in addition, to put in place the institutions to sup-
port their proactive integration into the global flows of trade,
capital and technology. Again, the international community
can do much to support these efforts-and again, UNIDO will
work to ensure that such support is forthcoming.
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1rHE INDUSTRIAL SCENE IS CHANGING QUICKLY-DRIVEN BY

constantly emerging, rapidly spreading new tech-
nologies that are altering the relationships between

enterprises and other entities and influencing how enterprises
are organized and managed. National and international rules
and regulations are also changing, improving the functioning
of markets. Although many of these changes offer enormous
benefits to developing countries that can use them in their
economic interest, countries that cannot could be marginal-
ized and excluded. Countries at all levels of development face
the same challenge: ensuring that industrial enterprises
become and remain internationally competitive.

Becoming internationally competitive can be much harder
than it sounds. Why? Because industrial competitiveness
does not result from merely opening economies to global
trade, investment and technology flows-though, if done
carefully, that can be important. Nor does it mean cutting
wages-a response that is, at best, a short-term defensive
strategy (often termed the "low road") incompatible with
sustained growth. Instead, industrial competitiveness
requires building capabilities in the use of new technologies
(the "high road").

To develop those technological capabilities, countries have to
acquire enterprise-specific knowledge, skills and practices
through an incremental learning process. This process can be
slow and difficult. Depending on the country and the tech-
nology, it can involve heavy costs and great risks and uncer-
tainties. But if countries fail to build the capabilities to
compete internationally, they can become bystanders at the
technological feast, stuck with the crumbs-stuck with sim-
ple manufacturing activities that do not lead to sustained,
diversified growth.

Capability development takes place primarily in enterprises. It
is, however, strongly conditioned by the environment in
which enterprises operate. Responding to market, policy and
technological signals, enterprises are sensitive to macroeco-
nomic changes, growth prospects, national security issues

9

and physical and intellectual property rights. They need a vari-
ety of inputs from markets, institutions and other enterprises
to build and strengthen capabilities. These inputs-including
finance, skills, machines, information and technical
knowledge-have to keep pace with rapid technical change
and intense competition. Thus capability building requires
complex interaction among actors. The policy challenge for
developing countries is to foster dynamic competitiveness.

The complexity of the capability building process varies by
industry. It also varies by a country's level of industrial devel-
opment. With industrialized countries constantly increasing
their competitiveness and strengthening technology systems,
capability development is crucial in developing countries-
and requires strong policy support. Policy needs are even
greater in the world's least developed countries. This chapter
assessesthe opportunities and challenges that the new indus-
trial scene creates for the the process of industrialization in
developing countries.
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Recent scientific and technical advances provide a wealth of
productive knowledge. Such knowledge, applied properly,
can raise incomes and employment in developing countries.
A rice producer in India, a goods transporter in the United
Republic of Tanzania, a small fruit processor in Thailand, an
automobile component manufacturer in Brazil-all can ben-
efit from new technologies. The rapid pace of technical
progress shows no signs of slowing, and its reach is pervasive,
affecting nearly every aspect of life.

Except if directly taught, productive knowledge can move
from innovator to user only if it is codified into transmittable
form-into information. New technologies facilitate such
codification and transmission, allowing knowledge to spread
faster and cheaper than ever before. 1 Moreover, it is not only
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Opportunities

• The technology structure of production and exports matters for
long-term development.

• With adaptive capabilities, technology can be upgraded to increase
competitiveness in all countries and industries and at all techno-
logical levels.

• Technological upgrading can be achieved by pursuing a strategy
of innovation based on linking, leveraging and learning.

• Technological upgrading is facilitated by entering into high-tech
global value chains, even at the assembly level (for export-oriented
operations).

Chal/enges

• Stricter intellectual property rights have raised the "entry fee" for
technological upgrading.

• Low-tech, low-wage, resource-based industrialization is a slow-
growth strategy. Sustainable growth requires rapid increases in
wages and productivity.

• Large-scale investments are required in information and commu-
nication technologies, infrastructure and capabilities.

• Narrowing the "economic divide" requires bridging the "digital
divide".

• Replicating East Asia's rapid, technology-led growth will be diffi-
cult given the new global setting, new rules, different precondi-
tions and new competition from China and India.

knowledge that moves more easily: so do products, money,
skills, machines and other inputs into production. Thus indus-
try remains the focal point of technical change and diffusion.
Accordingly, this report's main concern is to determine why
many developing countries are unable to use new industrial
technologies efficiently.

With falling costs of distance, the economic world is shrink-
ing rapidly and irreversibly. Globalization, the term that
describes this process, has huge technological potential to
change-and improve-economic life. But it also carries costs
and risks (box 1.1).

The ability to move information easily does not mean that pro-
ductive technologies spread easily or that their benefits are
distributed equally. On the contrary, resources tend to flow
to relatively few countries-those able to use them efficiently
and profitably. Because globalization lacks inherent forces to
balance such divergence, it is not always an engine of bene-
ficial and sustainable economic integration.2 Indeed, it can
also be a powerful force for deprivation, inequality, margin-
alization and ecological disruption.
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Statistics on global deprivation and inequality, though well
known, are worth reiterating. About half of the world's
people-around 3 billion-live on less than $2 a day. Around
1.2 billion people struggle on less than $1 a day (the yardstick
of extreme poverty). Some 15 percent more people live in
poverty in developing countries than 10 years ago; 800 mil-
lion lack access to health care; and 500 million are not
expected to survive to age 40. Women and children suffer the
most: 10 million children under five died in 1999, mostly from
preventable diseases.3 In 1960 per capita incomes in the rich-
est 5 percent of countries were 30 times those in the poorest
5 percent. By 1997 they were 74 times as high.

Inequality has also increased in the manufacturing industry,
both between industrialized and developing countries and
within the developing world. In 1985 per capita manufactur-
ing value added in the most industrialized 5 percent of coun-
tries was 297 times that in the least industrialized 5
percent-while in 2000 it was 344 times as high. The indus-
trial leaders among developing countries did quite well. But
in 1985 per capita manufacturing value added in the five lead-
ing developing countries was 276 times that in the five
laggards-and in 2000 was 437 times as high .

To the extent that manufacturing remains a driving force in
sustained development-and the next section argues that it
does-the growing divergence in manufacturing perform-
ance presages a similar divergence in economic performance
more generally. But if the international economy is to pro-
mote political and social stability, it cannot sustain this pat-
tern for long. The broad acceptance of global integration in
a democratic framework requires that the process benefit all
participants-and that the benefits be reasonably equitably
distributed. This is not the case today, creating hardship and
raising resistance to further reform. Unless the divergence is
reversed, the promise of growth based on technical progress
may remain just that-a promise that marginalized people no
longer believe in.
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Is industry still important for economic development? Most
analysts would say yes. Since the industrial revolution, manu-
facturing has been the main engine for growth and for trans-
forming the economic structure of poor countries. It has been
the catalyst for shifting them from simple, low-value activities
with poor growth prospects to activities with high productiv-
ity, increasing returns and strong growth potential.4 The rapid
growth of technology-driven economic activity does not
change this, despite the rising share of services in income and



the much-hyped growth of the "new economy". Indeed,
rapid technical progress makes industrialization even more
important for developing countries (box 1.2).

With globalization and liberalization on the rise, countries must
be internationally competitive to surviveand grow. That was not
the casewhen industrial development started in today's indus-
trialized countries and most newly industrializing economies.
Many governments used import protection, subsidies,procure-
ment and other measuresto promote industrial enterprises and
catch up with the leaders. The leaders, in turn, tried to protect
their positions through measures such as prohibiting the emi-
gration of skilled workers and even (in early nineteenth century

Industry has long been the main source, user and diffuser of techni-
cal progress and associated skills and attitudes. No other productive
activity comes close. Industry's special role can be understood only in
a world of dynamic learning and technical change, where large enter-
prisesstrive to increase their size and capabilities to realize economies
of scaleand societies constantly transform their structures and habits.
In this world the manufacturing industry is not just an ingredient of
development-it is the essential ingredient.

Applying technological progress to production. Manufacturing is the
main vehicle for applying technological progress to production.
Agriculture also benefits from technical progress, but at a much
slower pace than manufacturing. Manufacturing can apply a limitless
variety of inputs and equipment. Moreover, many industrial tech-
nologies involve increasing returns to scaleand offer enormous poten-
tial for further learning and incremental improvements. That is why
the shift from low- to high-productivity activities always involves a
shift from agriculture and traditional services to industry. In recent
years information and communication services have also attracted
innovative activity. But that innovation was only possible because of
technological advances in the hardware of information processing
and telecommunications.

Driving innovation. Manufacturing is the main source of innovation.
Researchand development by private industrial enterprisesaccounts for
the bulk of innovation in industrialized countries; these enterprises also
finance significant researchand development in universities and other
laboratories. Moreover, formal research and development is only part
of the technology development process.A significant portion occurs in
the engineering, production, procurement, quality management and
other departments of enterprises.Thescopefor such innovation isenor-
mous in manufacturing, perhaps more so than in other activities.

Diffusing innovation. Manufacturing is often the hub for diffusing
innovation to other activities, providing capital goods and transmit-
ting new technical and organizational knowledge. Historically, the
capital goods sector served as such a hub; today the electronics indus-
try is the hub. In particular, the use of information technologies by all
activities involves the considerable spread of new technologies,
accompanied by close interaction between suppliers and users.

Developing new skills and attitudes. Manufacturing is a vital source
of new skills and attitudes, transforming traditional economic struc-
tures. It creates an industrial work ethic, spreading the discipline and
organization required in modern societies. It fosters entrepreneurial
capabilities, with small enterprises as the springboard, and it develops

Sources: UNIDO; Chenery, Robinson and Syrquin (1986).

England) banning the export of machineryS In the early daysof
industrialization, high transport and communication costs also
provided natural protection. In addition, different countries
adopted different technical standards, and governments rarely
bought goods from foreign suppliers. Finally, consumers often
knew little about competing foreign products.

Things are very different today. Governments have reduced or
are reducing restrictions on trade, international finance and
foreign direct investment (FDI).Domestic liberalization is being
strengthened by new international rules of the game for eco-
nomic activity. Production across national boundaries is being
integrated under common ownership or control-often in the

new managerial and technological capabilities, the core of modern-
ization and competitiveness.

Leading institutional development. Manufacturing has led the devel-
opment of modern institutions and legal structures such asjoint stock
companies, accounting standards and corporate governance norms.

Producing beneficial externalities. The innovation and skills created in
manufacturing provide large benefits for other activities. Agriculture
gains from richer consumers, better equipment and inputs, and
improved storage, transport, distribution and processing facilities.
Servicesgain from better equipment and skills.

Stimulating modern services. Manufacturing provides the direct
demand that stimulates the growth of many modern services. It is
often the largest customer for banking, transport, insurance, com-
munications, advertising and utilities. It creates markets for new serv-
ices and skills, particularly important for finance, education and
logistics. It isalso the source of new serviceenterprises, many of them
originally part of manufacturing enterprises and hived off to provide
design, logistics, maintenance, training and other services.

Generating dynamic comparative advantage. Manufacturing is the
main source of dynamic comparative advantage, the shift from pri-
mary to more advanced-and generally more dynamic and higher-
value-manufactured exports. Manufacturing now accounts for
about 90 percent of global visible trade, a share that has grown
steadily over time. Terms of trade for manufactures have also
improved steadily. Although modern serviceexports are also growing,
much of this growth comes from industrialized countries that have
built modern skillsand capabilities through manufacturing. Fewcoun-
tries are able to sell high-value services (excluding tourism) without
first undergoing industrial development.

Internationalizing economies. The internationalization of an economy
often follows the spread of transnational manufacturing corpora-
tions, banks, transport providers, advertisers and so on setting up
shop around the world to serve their customers. The current phase of
globalization, with integrated facilities acrosscountries, is led by man-
ufacturing enterprises.

Modernizing enterprises. The exposure to foreign markets, enter-
prises, skills and practices that manufacturing brings can be the cat-
alyst for modernizing national industrial enterprises, as in the Tiger
economies of East Asia. Without industrial development, such mod-
ernization would not have been possible.
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hands of a small number of large private companies-making
it even more difficult to isolate countries from world market
forces. Technical change is underpinning these processes. The
result is that enterprises are exposed to global competition
with an immediacy and intensity rarely seen before.

Thus it is essential for enterprises and countries to deal with
the increase in international competition. To compete inter-
nationally, enterprises not only have to be efficient, they also
require a supportive economic and business environment.

o Governments must provide appropriate conditions: polit-
ical security, good macroeconomic management, sound
and enforceable legal and property rights, transparent
and predictable policies, well-functioning institutions and
a business environment with low transaction costs.

o Suppliers of physical and service inputs and infrastructure
must meet international standards of cost, quality and
delivery.

o Markets for Jabour, capital and information, along with
their supporting institutions, must work reasonably
efficiently.

o Enterprises must be encouraged to invest in building new
capabilities, mounting competitive strategies and devel-
oping networks and clusters for achieving efficiency and
dynamism.

The needs of competitiveness thus stretch well beyond the
front-line enterprises that face international rivals, encom-
passing other enterprises, activities, institutions and policies-
and applying to developing and industrialized countries alike.
For latecomers to industrialization that lack the required capa-
bilities, structures and institutions, globalization can pose
considerable challenges. But countries that can address these
challenges have enormous opportunities for growth. How
well countries cope depends on their ability to link with for-
eign partners and leverage additional resources-particularly
technology and knowledge-for development. But success in
these areas requires investing in and facilitating learning
efforts to adopt, adapt and improve on the resources
acquired.

Competition is constantly taking new forms. Low costs are
important-but so are innovation, flexibility, reliability, serv-
ice and quality. In industrialized countries new products,
processes and services are the main drivers.of competitive-
ness. Enterprises in developing countries do not innovate in
this sense and cannot rely on these mechanisms to achieve
competitiveness. They compete by using imported technolo-
gies together with lower labour and other costs-and, where
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relevant, natural resources. Using new technologies effi-
ciently, however, requires considerable technological and
managerial effort.

Mastering technologies to competitive standards requires
new skills, technical information, organizational techniques
and marketing and supply chain methods. The hardware of
new technologies, along with blueprints and instructions, can
be imported. But its efficient deployment necessarily involves
local learning. This process is continuous, because technolo-
gies change constantly. Industrial development also entails a
constant shift from simple to complex technologies-only
then can wages and living standards rise. This means moving
both across industries (from low- to medium- and high-tech)
and within industries (from low to high value-added
activities).6

None of this is easy, even for countries that do not innovate
at the frontier. It is not easy because achieving technical and
managerial efficiency takes considerable effort. Opening the
economy to world markets does not, in most developing
countries, ensure that enterprises will secure the right tech-
nologies and, more important, use them at best practice lev-
els. A user of new technologies-new to the user, that is,
rather than the world-has to master their tacit elements to
achieve best practice. In this process the user has to build new
skills, collect new information, set up new systems and forge
new links with other actors.

This process, often requiring costly and risky learning, is in
many ways similar to real innovation in industrialized coun-
tries. The content, risk, cost and duration of the effort vary-
by technology, industry, actor and context. Becoming
competitive requires widespread technological effort, which
is a constant process of innovation and learning. The effi-
ciency of this innovation and learning determines the success
or failure of industrial development. How this occurs in devel-
oping countries is the theme of this report.

That the world's industrial setting is changing is evident, but
many changes are not new by historical standards. In some
ways the global economy was more open a hundred years
ago. There were fewer barriers to trade and investment, and
there was greater certainty about security and exchange
rates. Technical progress, however, has integrated the world
economy much more closely today, and the interaction of sev-
eral factors has created a qualitatively different setting for
industrial activity. Product, service, financial and information
markets are better linked, each in a state of constant ferment.

The many features of the new setting can be grouped in three
clusters: those driven by new technologies, those driven by
new innovation, managerial and organizational systems in



enterprises and those driven by new international rules and
regulations.
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Today's technical change is unprecedented in pace and
scope. Information and communication technologies are at
the core of such change, making spectacular advances. In
1930 a one-minute telephone call from New York to London
cost $300 in today's prices; today it costs a few cents7 The
cost of 1 megahertz of processing power fell from $7,600 in
1970 to 17 cents in 1999-a 99.9 percent decline over the
same period. The cost of sending 1 trillion bits fell from
$150,000 to 12 cents. The entire contents of the U.S. Library
of Congress can now be transmitted across the country for
$40; soon it may be stored on one computer chip. All of this
is revolutionary, but the pace of innovation continues to
accelerate. Thus it is not surprising that there is so much
interest in knowledge societies and the "weightless" econ-
omy8

Information and communication technologies, the most visi-
ble face of technical progress, also affect the pace of innova-
tion. Today information can be processed at rates unthinkable
just 10 or 20 years ag09 But these technologies are also
important in mundane low-tech activities, often opening
unexpected opportunities to entrepreneurs in developing
countries (box 1.3).

Information and communication technologies can also signif-
icantly boost economic performance, though there is much
debate about their precise effect on recent economic
growth.lO Developing economies with fast growth in con-
sumption of information and communication technologies-

In rural southern Ghana, petrol stations place orders by telephone-
a task that entailed travelling to Accra. In Zimbabwe a company gen-
erated $15 million in new business by advertising on the Internet. In
the mountains of Lao People's Democratic Republic and Myanmar,
drivers of yak caravans use mobile telephones to call ahead and find
the best route to deliver their goods to market. Fishersoff the shores
of Kerala, India, make phone calls from 7 kilometres out to sea to
determine which market is paying the most for their catch, then sail
there. Farmers in some remote Indian villages get weather and price
information on the Internet. And in Bangalore, India, a non-profit
trust is promoting a $200 computing device to provide rural dwellers
with the same information.

Source: Baxter, Perkin and Mulligan (2001, background paper).

India, the Republic of Korea, Taiwan Province of China and
Thailand-also appear to have the fastest growth in produc-
tivity and gross domestic product (GDP). In Canada, the
United Kingdom and the United States between 1990 and
1996, about half the growth contributed by fixed investment
is estimated to have come from information and communi-
cation technologies.11 Accelerating the adoption of these
technologies are their falling prices, which are dropping faster
than those for other capital goods.

Information and communication technologies can change-
and improve-innovation by integrating diverse production
systems and formerly unrelated technologies.12 They can also
change the geography of industrial activity, bringing together
locations once separated by high communication and trans-
port costs. In addition, they can create new opportunities for
learning in developing countries, using electronic links to
accessglobal knowledge on an unprecedented scale. Distance
learning, if properly organized, can be quite successful.13 It is
partly in response to these possibilities that many governments
are opening their economies to international flows of prod-
ucts, knowledge and resources.

Quite apart from the massive increase in the use of infor-
mation and communication technologies, the information
content of industrial activities is rising rapidly. About half of
the value of a new car lies in its information content-
design, process management, marketing, sales and 50 on. In
industrialized countries the weightless part of economic
activity seems set to dominate life,14 but it is also going to
play a larger role in industrial activity in developing
countries.1 s

Can information and communication technologies facilitate
leapfrogging and catching up by developing countries? Can
latecomers without industrial bases jump to the forefront
without going through traditional industrialization? The
Internet became economically useful to enterprises in indus-
trialized countries only around 1997, and its potential is just
beginning to be exploited. Countries with no background in
information and communication technologies and without a
large traditional industrial base can use the Internet to pro-
mote growth and employment. Developing countries' lack of
old computer systems is an advantage. New technologies that
do not require fixed communication networks may enable
developing countries to leapfrog stages of technological
development. In Africa satellites and new wireless technolo-
gies may make it possible to bypass fixed telephone landlines
(box 1.4). Moreover, as computing reaches mobile telephony,
millions of users in Africa may come online.

Still, the evidence so far does not offer great hopes for
leapfrogging. As noted, most countries that have succeeded
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Africa boasts many technology successstories and centres of excel-
lence. One of them isGhana, which aspiresto be an Internet and rapid
communications hub for West Africa. Although there is no "one size
fits all" solution for the best adoption of these technologies, Ghana
suggests basic principles for all developing countries. Ghana was the
fourth Sub-Saharan country to go online, after South Africa,
Botswana and Zambia. Accra's only full-service Internet access
provider, Network Computer Systems (NCS), offers a gateway to
global communications.

NCS pioneered Internet access in Ghana in late 1994, before many
users in Europe had even heard of the technology. NCS subscribers
are a cosmopolitan blend of embassies, chief executives, non-gov-
ernmental organizations, companies and ministries. Ghana's govern-
ment, which began promoting the adoption of the technology in
1995, deserves some of the credit for Accra's Internet preeminence.

Ghana's Internet structure and capacity are ahead of those in the 14
French-speaking countries of West Africa, where electronic network-
ing consists primarily of email, bulletin boards, database access,news
feeds and small file transfers. Ghana's true Internet connectivity offers
much more, including instant accessto messages,browsing through
hypertext links, accessto newsgroups on thousands of subjects and
even video transfers.

Costs continue to be an issue, however. NCScharges an annual reg-
istration fee of $100 and a monthly use fee of $100. But with the
average Ghanaian journalist earning lessthan $150 a month, the cost
of a laptop computer is equal to a year's salary. So, while Internet
technology appears promising and tantalizing, it is unaffordable for
all but the richest people in Ghana.

To broaden access,cyber cafes have mushroomed all over Accra, and
in 2001 the number of Internet users doubled to about 100,000.
Similar growth isexpected over the next two or three years. But Ghana
faces hurdles to developing a thriving online economy. Although
there is high demand for basic services, headier ambitions have been
thwarted by Ghana's economic crisis. In addition, dreams of e-
commerce and international online trading have not been realized.

Source: Baxter, Perkin and Mulligan (2001, background paper).

with information and communication technologies (in both
hardware and software) have been relatively industrialized.
Effective use of these technologies requires massive invest-
ment in infrastructure and, more important, in new skills and
capabilities-investment that is beyond the means of most
developing countries.16 Moreover, industrialized countries
show that considerable time can pass before the benefits of
information and communication technologies are realized. A
critical mass of technology diffusion-in coverage, organiza-
tional adaptation and learning-is needed for widespread
productivity gainsY

Organizational and managerial changes at the industrial level,
redesigning processes and developing new business cultures,
are also needed. Productivity gains often arise not directly
from technologies but from the higher productivity of new
systems, procedures, skills and attitudes. In many developing
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countries the critical mass of information and communication
technologies and the necessary skills and organizational and
managerial capabilities-the main determinants of produc-
tivity gains-may not exist for some time.
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New innovation systems are widening differences between
enterprises, industries, countries and regions. At the same
time, new managerial and organizational systems are chang-
ing relationships between and within enterprises.

Main actors in innovation

With rapid technical change. the growing divergence in tech-
nological opportunities between activities leads to rising dif-
ferences in innovative activities between industries. One good
indicator of innovation is spending on research and develop-
ment (R&D).18 In 1994 high-tech industries in the countries
that form the Organisation for Economic Co-operation and
Development (OECD) spent nearly 25 times more of their
value added on R&D than did low-tech industries (figure 1.1).
In industrialized countries high-tech and medium-high-tech
industries account for nearly three-quarters of business R&D.

Innovative activities introduce new products, create new
demand and substitute for old products more rapidly than do
stable activities. As a result R&D-intensive output and exports
grow faster than other industrial activities.19 Between 1980
and 1997 medium- and high-tech exports grew faster than
other manufactured exports. These complex products now
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account for two-thirds of the world's dynamic exports, gain-
ing ground on low-tech and resource-based activities (figure
1.2).

The most high-tech products-advanced electronics, aero-
space, precision instruments, pharmaceuticals-have grown
much faster than all other groups20 The five fastest-growing
products in world trade during 1980-1997 were high-tech
information and communication technologies, driven by a
flood of new products and their growing application in other
activities. But the high-tech industry is highly cyclical. Like
many investment goods, it takes the lead in both downward
and upward business cycles. And with the world economy
slowing, it is heading downwards.

Enterprises have always been the main investors in new tech-
nologies, particularly in industrialized countries. In OECD
countries enterprises conducted 69 percent of total R&D in
1997, up from 66 percent in 1981. The share of higher edu-
cation institutes remained constant at 17 percent, while that
of government fell from 15 percent to 11 percent. Private
non-profit institutions account for the rest.21 Among enter-
prises, manufacturing remains the main source of R&D. But
the share of services, driven by software, is rising-account-
ing for 15 percent of the OECD total in 1997.22 Distinctions
between manufacturing and services are somewhat arbitrary,
however, as the lines between them blur and industrial enter-
prises contract functions to independent enterprises.

To cope with global competition and the growing complexity
of knowledge, enterprises are specializing in their core com-
petencies. As a result large enterprises no longer develop all
their innovation in-house, but increasingly procure it from
other enterprises. Several channels, discussed later in the
report, provide access to the required knowledge. Innovation
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surveys suggest that inter-enterprise collaboration is the most
important.23

Enterprises share innovation in two ways. The first is with
~nterprises in the same value chain, such as for automobiles.
Major manufacturers work with first-tier suppliers in devel-
oping new models, expecting them to design and develop
new components and sub-assemblies24 This process facili-
tates faster, riskier and more expensive innovation. It also
raises the technological distance between first-tier suppliers,
generally with strong R&D capabilities, and suppliers that lack
such capabilities. This can have implications for enterprises in
developing countries supplying (or hoping to supply) global
value chains. The increasing use of information and commu-
nication technologies for business-to-business relations
makes it easier for such enterprises to plug into supply chains.
But the tightening technological links between lead enter-
prises and first-tier suppliers threaten to exclude them from
the upper echelons of the supply hierarchy.

The second way enterprises share innovation is between
competitors in and across countries. This trend is driven by
the rising costs and risks of innovation (particularly in the
basic, pre-commercial stages), which lead to more frequent
use of strategic alliances and research consortiums. Some
5,100 strategic alliances were formed between 1990 and
1998-mainly by enterprises from the United States, which
are part of 80 percent of known agreements (half with a
partner from outside the United States). Enterprises in
Europe participated in 42 percent of the alliances, and those
in Japan in 15 percent, along with some enterprises from
elsewhere25 Governments that would otherwise oppose
such collaboration on antitrust grounds now often permit or
support it, even when they maintain stringent antitrust
measures.26

Faster technical change, growing industrial links with science,
multiple nodes of innovation and falling costs of transmitting
information raise the significance of innovation networks27

Such networks are spreading over wide areas. Geographic
agglomeration remains important for some technologies and
types of interaction that require direct contact-Silicon Valley
is an excellent example-but it is becoming less so for others.
Some networks spread across cities, others over regions, still
others around the globe. Plugging into the relevant network,
or concentric series of networks, is critical to competitive tech-
nology development. 28

Source: UNIDO calculations based on Com trade database.
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Given the risks and economies of scale, R&D tends to be con-
centrated at the enterprise level. In the United States the top
100 enterprises, in terms of turnover, accounted for nearly
two-thirds of R&D in 1995, and in 1997 the top 20 accounted
for one-third. Of the 35,000 enterprises doing R&D, just 1
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percent performed nearly 70 percent of the total29 Not sur-
prisingly, R&D is even more concentrated in small industrial-
ized countries. In Switzerland three enterprises accounted for
81 percent of R&D in the 1980s, and in the Netherlands four
accounted for nearly 70 percent. But technical change is
reducing concentration30 In addition, the list of leading
enterprises for R&D is changing rapidly: in the United States
some 40 percent of the top performers in 1994 were not on
the list 10 years before.

Interactions between industrial innovators and external
agents-such as research laboratories and universities-are
also changing. New technologies need closer links to basic sci-
ence even for commercial innovation, with biotechnology as
a good example. Technology clusters near knowledge centres
with significant concentrations of universities and research
centres are an important competitive advantage. As a result
industrial enterprises are spending more to sponsor R&D in
such centres and tap their expertise.

In many industries, relations with technology institutions-
such as standards and metrology bodies and support agen-
cies for small and medium-size enterprises-also become
important in enterprise technological activity. Most industri-
alized countries have an array of institutions providing spe-
cialized technical inputs to industry. Given the public goods
that they produce, many depend on government subsidies, as
with Germany's Fraunhofer institutes (box 1.5). Industry asso-
ciations, export agencies and the like can also provide support
and technical assistance. Together these institutions create an
environment rich in various kinds of information-crucial for
fostering sustained growth in industrial innovation and learn-
ing (chapter 8).

New ways of organizing and managing
enterprises

New technologies affect relationships between enter-
prises-that is, industrial structure and organization. They
also affect relationships within enterprises-the way they
are managed. Both developments influence the organiza-
tion and management of global production systems and
encourage global enterprises to cut inventory costs and
ensure reliable procurement and delivery (box 1.6). The just-
in-time system is the best-known manifestation of this, but
there are others.

CHANGES BETWEENENTERPRISES

Pressures for specialization, increasing the reliance on suppli-
ers, mean that manufacturers have to manage supply and
value chains31

16 Industrial Development Report 2002/2003

Many countries recognize the need for research centres that can con-
duct technological work for industry and combine it with publicly
funded long-term research. One of the best models, Germany's
Fraunhofer-Gesellschaft, was created in 1949 and has become
Europe's leading organization for institutes of applied research. It per-
forms research for industry, servicesenterprises and the government,
providing rapid, economical and practical solutions to technical and
organizational problems. In addition, within the framework of tech-
nology programmes in the European Union, it participates in indus-
trial consortiums to make industry in Europe more competitive.

Fraunhofer-Gesellschaft's 56 specialized institutes-funded by
Germany's central government, regional governments and private
industry-help develop new technologies for industry and other uses.
It has nearly 11,000 staff members (mainly scientists and engineers)
and an annual budget of about 900 million euros Gust under $1 bil-
lion), more than 80 percent of which comes from contract research.
About two-thirds of contract revenue comes from industrial and pub-
licly financed research projects and one-third from the federal and
Länder governments. Small and medium-size enterprises account for
a large portion of research contracts: in 2000, enterprises with fewer
than 100 employees provided nearly 25 percent of Fraunhofer's
budget and those with fewer than 500 employees about 45 percent.
Researchfor the government is aimed at longer-term social and eco-
nomic problems, such as the environment.

Fraunhofer scientists specialize in a broad range of complex research.
When needed, several institutes pool their expertise to develop sys-
tem solutions. Researchersmove easily between science and industry,
and more than half of the institutes are headed by academics.
Fraunhofer institutes can handle clusters of technologies that univer-
sities cannot, and their practical orientation makes them valuable to
clients. Companies of all sizesand types use the institutes as high-tech
laboratories for development work, special services and organiza-
tional and strategic issues. In addition, the Fraunhofer institutes
increasingly collaborate with affiliate institutes in Asia, Europe and the
United States.

Source: http://www.lraunholer.de/english/index.html.

These new organizational systems are not easy to set up and
manage, particularly in developing countries. The systems
require advanced infrastructure, new contracting mecha-
nisms, greater trust and openness, and new skills and man-
agement techniques32 To manage supply chains effectively,
many large enterprises in OEeD countries have had to
broaden their managerial and technological competence.
Information flows, logistics and networking are the new
weapons in the competitive armoury, with large potential
benefits from lower costs and increased flexibility. In many
developing countries, however, policy and business cultures
are not conducive to these changes.

For two reasons, electronic commerce technologies offer
faster, more efficient and potentially more cost-effective
ways of connecting enterprises.33 First, these technologies
are cheaper and easier to automate in ubiquitous processes
such as distribution, sales, after-sales service and inventory
management. Electronic data interchange is especially
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Opportunities

• Clustering, networking and specialization increase efficiency and
productivity.

• New managerial methods and production techniques also enhance
efficiency and productivity.

• Information and communication technologies provide access to
new knowledge on management methods, production tech-
niques, marketing and export opportunities (e-commerce).

Chal/enges

• Increased competition at all levels in both export and domestic
markets due to trade liberalization.

• New skills and capabilities required to master information
technology-especially for new design, production and marketing
systems.

suited to supply chain management but may be replaced by
the Internet for small suppliers. Second, e-commerce tech-
nologies can be applied all along the value chain in an inte-
grated manner-something not possible with earlier
technologies.

Efficiency gains through e-commerce applications include:

o Lower sales costs. 'In the past, errors forced large enter-
prises to rework about a quarter of their orders. E-com-
merce now allows enterprises to check that orders are
internally consistent and that orders, receipts and invoices
match. General Electric's Trading Post Network, for exam-
ple, significantly reduced ordering errors. It also cut mate-
rial costs by 5-20 percent because competition increased
among suppliers and the length of the procurement cycle
was cut in half.

o Cheaper customer support. Cisco Systems, the world's
largest supplier of routers for Internet traffic, has moved
70 percent of its customer support online-eliminating
250,000 telephone calls a month and saving more than
$500 million, about 17 percent of its operating costs.

o Cheaper, faster procurement. Typical procurement orders
cost $80-125 to process for low-value requisitions and
much more for complex orders (in some cases exceeding
the value of the purchase). The use of electronic data
interchange can cut these costs by 10-50 percent. MCI
has cut its personal computer purchasing cycle from 4-6
weeks to 24 hours, while Bell South has shortened the
time required to approve an expense account from 3
weeks to 2 days.

o Smaller inventories. In the United States the average value
of inventories is 2.3 percent of annual (non-farm) sales
and 4.2 percent of final goods sales. Each stage of the
value chain holds significant inventories: 37 percent by
manufacturers, 25 percent by wholesalers and 27 percent
by retailers. E-commerce can also significantly reduce
costs on inventories held .

o Better forecasts of consumer demand. E-commerce
enables more accurate forecasts of consumer demand
and increased customization of orders. Collaborative
forecasting is expected to cut inventory levels in the
United States by 25-30 percent, or $250-300 billion
(OECD 2000a, p. 48).

Another change is the growing importance in several indus-
tries of the geographic clustering of enterprises, particularly
small and medium-size enterprises34 The benefits of agglom-
eration arise from external economies such as the availability
of information or proximity to pools of suppliers, customers
and skilled workers. Clusters are more advanced than passive
agglomerations, where enterprises realize external economies
just by being there. Combining networking, specialization
and joint action,35 clusters could overcome many of the dis-
advantages associated with small size.

Many high-tech clusters have emerged in industrialized coun-
tries, inspiring much analysis and policy36 Many active, com-
petitive clusters also exist in developing countries37 But their
technological dynamism is often limited,38 posing severe chal-
lenges in the emerging competitive setting. Such clusters
need to shift from realizing largely static external economies
to building dynamic capabilities based on new technologies,
skills and networks.

CHANGES WITHIN ENTERPRISES

Enterprises are experiencing important changes in internal
management and organization. The need to facilitate infor-
mation flows is causing enterprises not only to introduce
information and communication technologies but also to cut
management hierarchies and build new tools to handle
information-calling for new skills throughout39 On the shop
floor the use of new technologies requires new skills-and
more continuous training, multiple skills, work teams and the
close involvement of workers in quality and productivity
improvements40 Information technology is now pervasive in
work methods, plant layouts and process control, quality
management, continuous improvement, lean production and
just-in-time inventory systems. Other information technology
applications include computer-aided design, manufacturing
and engineering, manufacturing and enterprise resource
planning, product data management, automation, robotics
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and flexible manufacturing systems. information and com-
munication technologies are also being used to automate
design, manufacturing and coordination-changing and
improving the innovation process.41

None of this is easy, even in industrialized countries with
sophisticated enterprises, ample skills and strong support
institutions. The need for new systems and increased interac-
tion with external agents is disruptive to the internal organi-
zation of enterprises.42 But enterprises that master the new
culture and technologies find it easier to manage operations
over long distances. Information and communication tech-
nologies also make it feasible for enterprises to separate func-
tions and processes-locating them, almost regardless of
distance, where cost, efficiency and market needs dictate.

By better managing global networks and spreading activities
around the world, enterprises can minimize costs and opti-
mize flexibility and logistics. These possibilities also apply to
other activities in the value chain-services, marketing,
R&D-that are also relocating within tightly coordinated
international systems. Of all the activities in the value chain,
R&D is the slowest to shift, but here too there are signs of
change.

For several reasons, these activities are not relocated evenly
across countries. For example, some activities have to be con-
centrated in a few sites to reap the benefits of scale
economies, agglomeration economies, skill and supplier avail-
ability and logistics possibilities. Others can be spread more
widely because there are fewer scale or cluster economies-
or because of the need to be near material inputs or final cus-
tomers. Other reasons for choosing certain locations may be
strategic, including the locations of competitors, need to
spread risk, access to innovative work and benefits of first-
mover advantages. Countries that insert themselves into the
global value chain early can develop skill, technological, sup-
piy and infrastructure advantages that build up over time.
Moreover, the success of a few sourcing activities can attract
other transnational corporations, as direct suppliers or as fol-
lowers, looking for locations with good images and
reputations.

In addition, several traditional factors make certain locations
more attractive for foreign direct investment-political and
macroeconomic stability, welcoming policies and so on. Low
wages for unskilled workers increasingly count for less in all
but the simplest low-tech activities.

GLOBALIZED PRODUCTION AND NEW GLOBAL ENTERPRISES

Globalization means different things to different people. In this
report it signifies the tighter links between all markets affecting
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industrial activity-for final products and for inputs such as raw
materials, intermediate goods, machinery, finance, technology
and, in many cases, high-level skills. It has many manifestations:
increased trade, investment, licensing, joint ventures, alliances,
networks and subcontracting activities. In most the lead players
are transnational corporations from industrialized countries, the
main drivers of technical change and the most important agents
for transferring technologies and production across the world.
But enterprises from newly industrializing economies are also
enthusiastic participants.

The international role of transnational corporations has been
rising steadily, with growing shares of global production,
trade, technology transfer and investment. In manufacturing
perhaps the most visible manifestation of their activity is the
rise of global industrial value chains, linking the entire
sequence of activities-raw material extraction, production,
design, R&D, marketing and delivery. Of course, many indus-
trial value chains have long been global in the sense that their
materials, components or products have been traded across
national boundaries. But some distinct organizational fea-
tures of emerging global value chains are worth noting:

o Value chains are organized internationally under the com-
mon governance of private enterprises. These enterprises
may hold an equity stake in activities in different countries,
thus becoming transnational. Or they may have other mar-
ket or non-market links with local enterprises (through
subcontracting, joint ventures, strategic alliances or buy-
ing arrangements). Where economies of scale in innova-
tion, production, logistics and marketing are important,
the number of key players tends to fali over time. With pol-
icy liberalization, the key players rationalize production
facilities across countries, often reinforcing their central
role. The organization of the global value chain and the
strategies of the leading players can affect the entry,
upgrading and dynamism of the constituent units.

o The role of transnational corporations in global value
chains (of ownership stakes in activities overseas) is rising,
though there are significant differences by industry. In
low-tech activities, where it is relatively easy for local enter-
prises to achieve best practice, arrangements tend to be
loose and diverse. Some transnational corporations set up
affiliates; others contract local enterprises. Independent
buyers often control significant segments of the market,
contracting local enterprises and providing specifications,
technical assistance and inputs. In high-tech activities, by
contrast, links tend to be much tighter because of the
need for close coordination, rigorous quality and training
needs and the desire to keep valuable technologies within
the enterprise. In some of these industries, market leaders
are taking specialization to its logical conclusion by



renouncing manufacturing altogether. They confine
themselves to R&D, design, marketing and after-sales serv-
ice, letting contract manufacturers handle the entire pro-
duction process.43 Even in high-tech industries the
production systems of transnational corporations are not
closed: there is a growing tendency to outsource functions
and inputs to capable suppliers. Thus transnational value
chains can encompass local enterprises in host countries,
with the spread and nature of the links depending on the
technologies used, the capabilities of local enterprises and
the strategy of the competitors.

o Industrial activities are being disintegrated across coun-
tries by function and stage of production, while remain-
ing tightly linked to ensure the efficiency of the process.
Thus an enterprise may design a semiconductor in the
United States with an affiliate in India, buy the wafer from
a foundry in Taiwan Province of China, assemble and test
the chip in the Philippines and use an independent logis-
tics company to ship it to Germany and market it allover
Europe. Accounting may be in one country and back-
office functions in another. These divisions, taking advan-
tage of small differences in cost, logistics, skills and
efficiency, are made feasible by new communication and
management techniques.

o Different stages of the chain have different levels of value
added and technology and so impose different capability
needs for participants. Those at the bottom of the chain,
with the simplest requirements, are most vulnerable to
the erosion of competitive advantages (if the location
offers primarily cheap semiskilled labour, it will tend to
lose as wages rise). Thus there is constant pressure to
upgrade products and processes within value chains,
whether facilities are foreign owned or not.

factors that lead transnational corporations to concen-
trate in countries.

These structural factors affect FDI location as political and
other framework factors converge. Clusters again emerge as
an important factor in attracting transnational corporations in
activities where complementary factors and capabilities
agglomerate. They are particularly important in knowledge-
and skill-intensive activities, where the proximity of special-
ized suppliers, consultants and research and teaching insti-
tutes can be critical to competitive dynamism. The evidence
suggests that FDllocation is increasingly based on such local-
ized factors rather than on general factors of the host coun-
try45 Governments seeking to tap FDI for industrial
development have to pay attention to this new reality.

Transnational corporations look for efficient complementary fac-
tors in making their location decisions, but they also invest in rais-
ing the quality of local factors once they have invested. They train
employees in new skills, help develop local suppliers, interact
with and improve local institutions and so on. In 1989 Hewlett-
Packard, one of the world's leading electronics companies,
started operations in Bangalore, India, with about 10 people,
basically to sell hardware. Still growing, it now employs more
than 1,000 engineers. Apart from its salesarm, it has two large
software development and R&D operations, one in Bangalore
and another in Chennai. The second centre collaborates inten-
sively with the locally owned Tata Consultancy Services.

Hewlett-Packard has forged strong links with other local
enterprises-including 25 small and medium-size
enterprises-and local research institutions. Its Bangalore affil-
iate interacts closely with the Indian Institute of Science and
funds research in universities around the city. It also helps col-
leges in the locality develop courses and train teachers. Its

Sources: World Bank (2000); UNCTAD (1995. 1999) and national statistics.
Note: Annual averages calculated for available data for 1981-1 985 and 1993-1997.
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o That capital and technology are mobile does not mean
that local capabilities cease to matter. If anything, they
matter more because other factors are so mobile and
require strong immobile factors to attract them to partic-
ular sites44 The factors that matter to investors using new
technologies and looking for competitive locations are
specialized skills, modern infrastructure, strong institu-
tions, low transaction costs, efficient local suppliers, clus-
ters of enterprises and providers of business support
services. Thus the spread of transnational corporations
promises much to developing countries in investment,
technology, skills and market access. But flows of FDI are
highly uneven and concentrated. The share of the top five
recipients of FDI has declined for the world but risen for
developing countries (figure 1.3). Part of this unevenness
is due to political, social and policy factors that may deter
investment. Part, however, is due to structural economic
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engineering employees, who receive six months of rigorous in-
house training, are encouraged to take out patents on their
research (some 60 have been granted). Many travel regularly
to Israel and the United States, where the enterprise also has
R&D centres.

There is a minimum of capabilities in host countries below
which it is not economical for transnational corporations to
locate facilities or invest in further upgrading. The more
advanced the technologies and functions being deployed, the
higher the local capabilities required. It is up to the host coun-
try to ensure that it reaches the critical level. Moreover, it has
to ensure that as wages and other costs rise, the quality of
local factors improves to attract more complex technologies
and functions-such as design and R&D. In other words, suc-
cessful participation in the systems of transnational corpora-
tions requires constant efforts to build and improve local
capabilities. The spread of global chains intensifies this need
as more countries compete for high-value FDI.

Several features of recent FDI are of direct concern to indus-
trial development:

o Fast growth. FDI flows are growing faster than other eco-
nomic aggregates such as GDP, world exports and
national gross fixed capital formation. As a result the
share of international production-that under the control
of transnational corporations and their affiliates-in
global production is steadily increasing. If production by
independent enterprises linked to transnational corpora-
tions is added, the share is rising even faster.

o World trade dominance. Transnational corporations dom-
inate the world's visible trade, handling about two-thirds.
This share is growing rapidly in activities with significant
scale economies in innovation, production and marketing.
These are the high-value end of the manufacturing spec-
trum, and countries that want to enter these dynamic
segments increasingly have to rely on transnational
corporations.

o Global production systems. Of the visible trade in the
hands of transnational corporations, about one-third is
within corporate systems-between different parts of the
same enterprises. Important parts of such internalized
trade are integrated international production systems,
where transnational corporations allocate different func-
tions or stages of production to different countries. In sev-
eral high-tech activities (semiconductors, hard-disk drives)
the bulk of world trade is within such systems.

o Beyond production. Transnational corporations are also
placing accounting, engineering and marketing in
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affiliates-often high-value activities that boost local
competitiveness and capabilities.

o Even research and development. Though one of the least
mobile functions internationally, R&D is also being trans-
ferred overseas. Many transnational corporations, partic-
ularly those from small countries, have long conducted
R&D abroad. For instance, more than half the patents filed
by transnational corporations from Belgium, the
Netherlands, Switzerland and the United Kingdom origi-
nate in their affiliates46 In many host countries foreign
affiliates account for large parts of enterprise R&D. More
than half of industrial R&D in Ireland, Malaysia and
Singapore occurs in affiliates of transnational corpora-
tions (figure 1.4).47 Even so, developing countries still
account for a small share of overseas R&D by transna-
tional corporations. Developing countries account for less
than 10 percent of R&D for transnational corporations in
the United States (UNCTAD 1999). The pattern is proba-
bly similar for other industrialized countries. This is not
surprising: R&D is highly skill-, scale- and linkage-inten-
sive, and most developing countries lack the necessary
capabilities48

o Innovation dominance. Innovation is dominated by large
transnational corporations. Many are unwilling to part
with valuable technologies without a substantial equity
stake-making FDI the most important, and often the
only, source of advanced technologies.

o Exports. Transnational corporations are often central to
local exports of technology-intensive products. Many
such products are difficult to export independently
because of the advanced technologies involved and the
need for expensive branding, distribution and after-sales
servicing. About two-thirds of consumer electronic
exports from the Republic of Korea and Taiwan Province
of China are original equipment manufacture49

Transnational corporations are also active in exports of
low-tech products, where market information, branding,
distribution and design are important.

o Preferences for entry by mergers and acquisitions. Cross-
border mergers and acquisitions are the preferred mode
of entry for transnational corporations, particularly in
industrialized countries. 50 In 2001 the recession and
falling share prices slowed mergers and acquisitions, cut-
ting FDI in industrialized countries by about 40 percent
(UNCTAD estimate). The decline is less marked in devel-
oping countries but still likely to cause some fall in FDI.

o Even services. FDI in services is rising rapidly as formerly
homebound providers (as in utilities) privatize and globalize.
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Telecommunications, power and water enterprises are
good examples.
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Rules for international economic activity are changing, allow-
ing it to respond as much as possible to market signals.
Opaque rules and differences in trade and investment barri-
ers impede the flow of products, capital, technology, infor-
mation and skills across countries. New rules are designed to
minimize costs and barriers-and to lead to more uniform
national policies (box 1.7).

the updated version of the 1994 GATI, the General
Agreement on Trade in Services (GATS) and the Agreement
on Trade-Related Aspects of Intellectual Property Rights
(TRIPS). (The WTO also administers four plurilateral
agreements-on government procurement and on trade in
civil aircraft, dairy products and bovine meat-not conditional
on WTO membership.) The main agreements are comple-
mented by multilateral agreements on safeguards, anti-
dumping, subsidies, state trading enterprises and balance of
payments measures. WTO agreements also include rules on
the treatment of goods when they enter importing countries,
including customs valuation, technical barriers to trade and
import licensing. These agreements are intended to prevent
the use of these measures for protectionist purposes.

The best-known rules are those negotiated multilaterally
under the General Agreement on Tariffs and Trade (GATI),
now administered by the World Trade Organization (WTO).
The WTO administers and embodies three main agreements:

Box 1.71I@m~~1IDXf)~

Opportunities

GATI was a provisional agreement among contracting par-
ties and was not a legal institution. In contrast, WTO agree-
ments are ratified by member countries and are permanent,
with a sound legal basis. The three main agreements-the
1994 GATI, GATS and TRIPS-form the WTO's institutional
structure and are subject to a single set of rules and a single
system for resolving disputes. Unlike with GATI, WTO mem-
bers automatically commit to all WTO agreements, with only
a few minor exceptions .

• By aiming to level the playing field, new rules encourage enter-
prises to spread their operations across the globe and domestic
competitors to improve their capabilities.

• More uniform rules and regulations facilitate the globalization of
industry.

Chal/enge

• Eliminating policies that foster learning by infant industries hinders
the development of new technological capabilities.

Other, lessformal rules on trade, FDIand financial liberalization
have been issued by the World Bank, International Monetary
Fund (IMF) and aid donors. There are also international con-
ventions on minimum labour standards. Several rules result from
standards set internationally (for example, the International
Organization for Standardization, or ISO) or by dominant
regions or countries (such as the European Union or the United
States). In addition, some rules are negotiated in regional trade
agreements or bilaterally. (Most FDI rules are bilateral.)
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The new rules offer benefits but also impose costs. They
reduce the scope for intervention in trade and investment-
important because in many developing countries such inter-
ventions have been costly and inefficient. Increased reliance
on markets can improve resource allocation and stimulate
efficiency and dynamism. By reducing the risk, uncertainty
and transaction costs associated with international transac-
tions, the new rules may also raise the quantity and quality of
FDI in developing countries. In addition, by strengthening
intellectual property rights, the new rules may stimulate inno-
vation and facilitate technology transfer.

The costs result from liberalizing when markets and support-
ing institutions are deficient, as they often are in developing
countries. 51 The judicious use of infant industry protection,
local content rules, FDI restrictions and lax intellectual prop-
erty rights has yielded spectacular benefits in East Asia.s2

Strong intellectual property rights can raise the cost of prod-
ucts and technologies and restrict a valuable avenue for local
learning without promoting innovation. Rapid liberalization
can impose additional costs, giving an economy too little time
to prepare for full market competition. Without the capabili-
ties to attract and use technologies and resources produc-
tively, and facing the full forces of competition, poor
countries may not draw enough of either. Instead they may
lose part of the productive structure they have built up. By
renouncing tools that foster learning, they may retard the
development of new capabilities.

The net balance of benefits and costs remains unclear-par-
ticularly because it can vary by country and period. The under-
lying issue is whether the costs of market failure exceed those
of government failure, and if the balance can be changed (an
issue not explored here).

New standards and quality regulations

Although most countries are cutting tariffs and quantitative
restrictions on trade, standards and various forms of certifi-
cation have emerged as new entry barriers. Most of the new
barriers relate to processes (not, as with tariffs, to products)
and include quality standards (ISO 9000), environmental stan-
dards (ISO 14000) and labour standards (SA 8000). In addi-
tion, many countries have technical regulations, industrial
standards and testing and certification procedures designed
to protect public safety and health.

Standards offer many potential benefits for developing coun-
tries. They can be a source of technology transfer and a means
of monitoring markets and obtaining information on com-
petitors (box 1.8). They can also be a means of rationalizing
costs based on codified best international practices, and can
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Box1.8~~~~~

Opportunities

• Standards can facilitate technology transfer based on codified best
international practices.

• Standards can facilitate international market access because they
are becoming increasingly important for global buyers and as cri-
teria for awarding contracts.

Challenges

• Standards can substantially increase the costs of entering interna-
tional markets.

• Skills and capabilities must be substantially upgraded to meet the
new standards, master new technologies and establish the
required institutional information.

reduce technical transaction costs, information asymmetries
and uncertainties between sellers and buyers, possibly
enabling them to foster innovation.

But standards can also impose costs on developing countries,
forcing them to upgrade skills and capabilities, master new
techniques and establish an institutional infrastructure
(accreditation, metrology, standardization and technical sup-
port and information). If these costs are very high for a coun-
try (relative to its economy and exports), standards can pose
a barrier to exporting (box 1.9).

More stringent environmental norms and
regulations

The growing emphasis on environmental and social norms-
such as child labour-can affect industrial and export devel-
opment in developing countries. Pressures from consumer
groups, non-governmental organizations (NGOs) and other
bodies have led buyers to impose higher environmental stan-
dards on suppliers from developing countries, imposing com-
pliance costs on enterprises. But compliance can also benefit
society and the competitive positions of enterprises in devel-
oping countries (box 1.10).53 Moreover, the private costs of
compliance have not been very high, at least in industrialized
countries. In the United States, for example, they are esti-
mated at 0.6 percent of production value. Although there are
no data on the costs of environmental compliance for indus-
try in developing countries, case studies suggest that the costs
would be similar or even less.

The key to using environmental pressures for competitive
benefit lies in building the capabilities to transform a poten-
tial cost into an opportunity. Countries with weak capabilities
may find that compliance costs damage competitiveness. It



Standards and technical regulations provide many benefits to pro-
ducers and consumers, not least of which is their information value.
But they can also create trade barriers and segment markets-as
when, for example, countries impose standards for colour televisions
that differ from international norms, or protect domestic producers
by issuing tailor-made standards such as requiring imported cars to
have rain wipers on their headlights.

Different countries havedifferent incentives to usestandards and tech-
nical regulations for protection purposes. For some countries with low
tariff protection, liberalizing standards and technical barriers can pro-
vide greater economic benefits than further tariff reductions. Whether
standards help or hinder exports of developing countries depends on
the products being exported and on a country's level of established
standards. Exports can also be affected by higher costs resulting from
duplicative testing performed by importers to assessconformity with
standards. Theseduplicative tests are sometimes a responseto the per-
ceived weaknessesof standards organizations in developing countries.

A recent example shows the effect that standards can have on exports
from developing countries. The European Union (EU) banned imports
of fish caught in Kenya's Lake Victoria because salmonella was
detected in a shipment and, later, because casesof cholera emerged
in Kenya. Because of the ban, EU fish imports from Kenya dropped
25-37 percent-a serious blow because the EUmarket accounted for
95 percent of Kenya's fish exports. Improving hygienic conditions to
reduce the risks of similar actions was estimated to cost $5.8 million.

Many country-specific technical regulations and industrial standards,
created to protect public safety and health, instead become barriers to
trade. To avoid such barriers, the WTO developed the Agreement on
Sanitary and Phytosanitary Measuresand the Agreement on Technical
Barriers to Trade. The Agreement on Sanitary and Phytosanitary
Measures recognizes the right of member countries to introduce reg-
ulations that protect human and animal health from food-borne risks,
human health from animal- and plant-carried diseases, and animals
and plants from pests and diseases.These regulations should be based
on scientific principles, should not be maintained without sufficient sci-
entific evidence and should not be applied in a way that constitutes a
disguised restriction on international trade. The agreement also states
that when determining sanitary and phytosanitary protection, mem-
bers should minimize the negative effects on trade. But are develop-
ing countries in a position to identify when this occurs?And when they
identify such instances; are they in a position to challenge decisions by
industrialized countries "based on" scientific principles7

Source: UNIDO.
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Opportunity

• Environmental compliance has positive effects on society and on
the competitiveness of complying enterprises through increased
innovation, lower costs, better resource use and first-mover
advantages.

Chal/enge

• Developing countries lack expertise with accrediting and auditing
systems for environmental compliance.

The Agreement on Technical Barriers to Trade states that product
standards adopted to protect public health and safety, preserve the
environment and serve other consumer interests should not pose
unnecessary obstacles to international trade. The agreement encour-
ages member countries to use international standards but does not
require them to change their levels of protection. It also sets out a
code of good practice to guide central government bodies in prepar-
ing, adopting and applying standards and describes how local gov-
ernment and non-governmental bodies should apply their own
regulations.

The agreement's overarching principle is non-discrimination. Fairand
equitable procedures must be used when deciding whether a prod-
uct conforrns with national standards, and methods that would give
domestically produced goods an unfair advantage are discouraged.
To avoid duplicative testing, the agreement also encourages countries
to recognize each other's testing procedures.

Manufacturers and exporters need to know the latest standards in
their prospective markets. Developing standards and technical barri-
ers requires a powerful scientific and technical base, which can take
decades to build and which industrialized countries have established.
Thus it is not surprising that these countries have the highest number
of new standards notifications to the WTO.

In countries with low levels of protection, standards and technical
regulations may provide more protection than traditional trade bar-
riers. Nevertheless, many standards and technical regulations appear
to be applied to heavily protected goods-particularly in industrial-
ized countries. These include agricultural and agroindustrial prod-
ucts as well as textiles, clothing and footwear. Thus any industry- or
trade-related technical assistance from international organizations
should be complemented by careful analysis of the traditional trade
barriers facing the main exports of the countries receiving such
assistance.

Developing countries face serious difficulties in implementing the
Agreement on Sanitary and Phytosanitary Measures and the
Agreement on Technical Barriers to Trade. A September 2001 WTO
document includes several proposals to facilitate and reduce the
costs associated with the implementation and administration of sev-
eral WTO agreements, including these two. But the proposals do not
go far enough, offering at best marginal improvements to an issue
that appears to require a cornplete rethinking. Indeed, a huge gap
exists between these reforms and the needs of developing countries.

then becomes attractive for them to engage in a race to the
bottom, lowering environmental standards to attract or retain
industrial activity. Many developing countries-particularly
the least developed-lack the capabilities to use environ-
mental technologies. They even lack the basic capabilities to
run the institutional (accreditation and auditing) framework
for environmental compliance.

Stricter intellectual property rights

Industrial and technological development will be influenced
by the TRIPSagreement. The agreement could affect invest-
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Opportunity

• Stricter intellectual property rights should stimulate innovation,
learning and risk taking in industrialized and newly industrializing
economies.

Challenge

• Stricter intellectual property rights can raise the cost of technology
imports for developing countries and limit their ability to reverse
engineer and learn from foreign technologies.

ment, technology transfer and innovation-and thus the
accumulation of technological capabilities (box 1.11).
Predicting its net result is difficult. Empirical evidence is
scanty, the processes are complex and the effects are highly
context-specific. It is widely accepted that stricter intellectual
property rights can have negative effects on developing coun-
tries, particularly those low on the industrial and technologi-
cal ladders4 Such rights may not stimulate local innovation
and may not promote overseas innovation relevant to these
countries' needs. They are also likely to raise the cost of tech-

nology imports-through higher licensing fees and product
prices, more advanced skill needs to manage the new regime
and greater scope for monopolistic practices by holders of
intellectual property rights. Finally, stricter intellectual prop-
erty rights can constrain technology development through
copying and reverse engineering-activities used to great
effect by newly industrialized economies and, earlier, by many
industrialized countries (box 1.12) .

At the same time, the TRIPS agreement offers benefits. ss
Stricter intellectual property rights stimulate innovation-in
industrialized countries and newly industrialized economies
and even in least developed countries with nascent techno-
logical activity. Stricter rights can also boost FDI and sales of
advanced technologies (by innovators who need to protect
proprietary knowledge). Still, the net benefits will depend on
a country's level of industrial and technological development.
In the least developed countries the benefits may take a long
time to materialize, and in present value terms (future values
discounted at an appropriate interest rate) the costs may out-
weigh the benefits. Many developing countries are under-
standably concerned about this important topic, which
requires further investigation.

Protection of intellectual property rights hasplayed an ambiguous role
in technological and industrial development. Many of today's indus-
trialized economies relied on slack intellectual property rights to pro-
mote the technological development of their enterprises, shifting to
stricter rules only when they had achieved technological parity with
the leaders. The most technologically dynamic EastAsian Tigers-the
Republic of Korea and Taiwan Province of China-used copying and
reverseengineering for long periods to promote local enterprises, only
recently adopting stricter intellectual property rights.

Protection of intellectual property rights is based on the premise that
innovative activity is seriously constrained if innovators cannot reap
the fruits of innovation. Thus copyrights protect the rights of authors
(books, music, software), trademark registration protects unique
trade logos and symbols, and patents protect the rights of inventions
with industrial applicability (products as well as processes). For tech-
nology development. patents are most relevant.

Patentsare supposed to spur innovation. They grant exclusiverights of
use, sale and manufacture to owners of intellectual property, compen-
sating them for undertaking expensiveand riskyinnovative activities. But
in exchange, owners must disclose the invention on the patent docu-
ment for" anyone skilled in the art to be able to replicate". Thus patents
are a trade-off: a market distortion iscreated in exchangefor disclosing
information on the technology. This disclosure is intended to benefit
society by disseminating new technologies and encouraging competi-
tors to invent around it, encouraging a second round of innovation.

Advocacy of strong intellectual property rights presumes that the ben-
efits of appropriation for innovators and disclosure for competitors
outweigh the drawbacks of market distortions, making intellectual
property rights beneficial to society. This presumption, almost impos-
sible to test empirically, remains the subject of debate. Most devel-

Sources: Based on Chang (2001, background paper) and Luthr;a (2000).
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oping countries, seeing themselves as users of existing technologies
rather than makers of new ones, consider it premature to adopt
Western models of intellectual property right protection. Indeed,
technological catch-up could be constrained if developing countries
enforced stronger intellectual property rights. Stricter rights could
raise the cost of technology imports and restrict the ability to learn
through reverse engineering.

This argument has some merit. In the absence of a domestic industry
lobby, low-income countries have strong intellectual property rights.
And for obvious reasons, high-income countries also protect intellec-
tual property rights very strongly. Middle-income countries offer the
least protection for intellectual property rights.

Two developments may change the shape of things to come. First,
investment flows are seeking global destinations, and enterprises'
ability to protect their knowledge assets is a critical determinant in
choosing destinations. Second, all WTO members that are signatories
to the TRIPSagreement have agreed to reform their intellectual prop-
erty rights regimes by 2004. Though the eventual benefits of this uni-
versal protection remain to be seen, for now such reform is a bitter
pill for domestic industry and consumers to swallow.

The challenge will be to help developing countries design policies and
instruments that are in line with their technology-follower positions-
and that balance proprietary motives with access, efficiency and dis-
tributional considerations. Doing so would direct attention to drafting
competition policies, price regulations and targeted subsidies and
other transfer mechanisms that mitigate the potential negative effects
of stronger intellectual property rights. Finally, alternative methods of
encouraging local innovation may have to be devised to fit particular
needs, such as protection and compensation for uses of indigenous
knowledge in some societies.



The case for stronger intellectual property rights is easier to
make for economies such as Brazil, India, the Republic of
Korea, Singapore and Taiwan Province of China, with their
strong technological bases. In these economies weak intel-
lectual property rights can deter transfers of valuable tech-
nologies and investments in risky R&D by domestic
enterprises. But a case can be made for less stringent appli-
cation of the TRIPSagreement in the least developed coun-
tries, with more exclusions and longer grace periods, 56 so that
they can participate meaningfully in global industrial activity.
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1rHE NEW INDUSTRIAL SETTING IS CHANGING THE NATURE AND

pattern of global industrial activity. Production, trade
and innovation are shifting between activities and

countries. Rapid technical change is boosting some activities
and shrinking others. Economies are exploiting to different
degrees the opportunities from new technologies, freer trade
and more mobile productive resources. As a result there have
been big variations in industrial performance-in, say, the
growth of output and exports or the upgrading of manufac-
turing's technological structure. These variations are particu-
larly marked in developing countries, where industrial
capabilities vary considerably. But they are also evident in
industrialized countries. (Detailed tables on selected indica-
tors of industrial performance and drivers at regional and
income levels are presented in the statistical annex.)

Today's industrial performance and its drivers are as exciting
as they are worrisome. As a group, developing countries are
doing fairly well on almost all measures of performance. They
are increasing their shares of global production and exports.
They are moving up the technological ladder, enlarging their
bases of human capital, deepening their technological activ-
ity and attracting larger portions of mobile resources.

Yet the picture is worrying because industrial performance
and its drivers are diverging rather than converging, with suc-
cess confined to a few developing countries. Much of the
divergence appears to be a long-term phenomenon, respond-
ing to structural factors that develop cumulatively. The impli-
cation is that globalization and liberalization may not reverse
the divergence. To achieve long-term, sustainable industrial
development, countries and firms need a concerted strategy
for industrial restructuring and upgrading-for moving from
simple to more advanced technologies.

Today's map of global industrial activity shows the following
features (table 3.2 shows country coverage by region):

o Manufacturing activity remains heavily concentrated in
industrialized countries, though developing countries are
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increasing their share. But in intensity of industrialization
(measured by manufacturing value added per capita),
developing countries stilllag far behind.

o Among developing regions, East Asia (including China) is
the best industrial performer in most respects, though it
lags slightly in manufacturing value added per capita. It has
the highest growth rates in manufacturing production and
exports. It is far more export oriented than other develop-
ing regions. It has a more technologically advanced struc-
ture and is rapidly improving all the main drivers of
industrial performance. And (excluding China) it has a com-
manding lead in skill creation, research and development
(R&D) and technology licensing.

o Latin America and the Caribbean leads developing
regions in manufacturing value added per capita and for-
eign direct investment. It has strong skills, an established
export base and good infrastructure for information and
communication technologies, and it leverages foreign
technology effectively. But its manufacturing production
and exports are based on a weak technological structure,
particularly if Mexico is excluded. The region lags well
behind East Asia in R&D and licensing. Even Mexico, the
outlier in technology upgrading because of the North
American Free Trade Agreement (NAFTA), suffers from a
weak R&D base.

o South Asia has attained decent manufacturing growth
but performs poorly in production per capita and exports.
Its export structure is weak and stagnant. It lags in skills
creation, technological effort and physical infrastruc-
ture-and is relatively isolated from inflows of technol-
ogy. The region's two largest economies, India and
Pakistan, have not attracted much foreign direct invest-
ment to export activity between 1993 and 1997.

o The Middle East and North Africa has achieved fair manu-
facturing value added per capita, a reasonable base of skills
and infrastructure, and good accessto foreign technology.



But its industrial and export structures are not geared to
technology upgrading, and its technological effort is weak.

o Sub-Saharan Africa, excluding South Africa, lags behind all
other regions in almost ail respects. The technological struc-
ture of its industrial production and exports is regressing.

o Industrial activity and capabilities are highly concentrated in
a few leading economies both in industrialized and devel-
oping countries. Although this concentration is declining in
industrialized countries, it is rising in developing countries
in production, exports and technology imports.

o The 30 poorest countries are losing ground in most meas-
ures of industrial performance and its drivers, except for a
slightly rising share of tertiary technical enrolments.
Technologically, these countries are extremely weak and vul-
nerable. The situation is similar in the 12 least developed
countries, which are seeing diminutions in their already
minuscule sharesof world industrial production and exports.

This reinforces a general impression of highly uneven indus-
trial development, combining spectacular and sustained suc-
cesses with dismal and prolonged failures. These disparities
are not temporary and will not correct themselves over time.
Structural drivers of industrial development are slow, difficult
and expensive to change, and the new global setting only
raises their importance. Some of the drivers can improve only
through greater reliance on market forces. But most need
strong policy support.
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To assessindustrial performance, this report examines manu-
facturing value added and manufactured exports and their
technological composition.

Manufacturing value added

Global manufacturing value added (MVA) grew about 7 per-
cent a year during 1985-1998. Although industrialized coun-
tries still dominate the total, their share is falling-with
growth rates in developing countries nearly 2 percentage
points higher. Still, MVA per capita in industrialized countries
was about 17 times that in developing countries compared
with about 18 times in 1985. Moreover, in 1985 MVA per
capita in industrialized countries was 83 times that in the
world's least developed countries-and by 1998 had jumped
to 144 times, revealing a dramatic plunge in the intensity of
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industrial activity in the least developed countries relative to
industrialized countries. During the same period MVA per
capita in developing countries relative to the least developed
countries rose from nearly 5: 1 to about 9: 1.

Divergence in MVA also widened by region. Between 1985
and 1998 East Asia increased its share of the developing
world's total from 43 percent to 53 percent, lowering the
shares of all other developing regions except the Middle East
and North Africa. China accounted for 56 percent of East
Asia's growth in MVA. Latin America and the Caribbean
remained the most industrialized developing region in per
capita terms,l but its growth failed to keep pace with East
Asia's, and it suffered the largest fall in regional shares of
MVA-about 7 percentage points. South Asia had reasonable
growth but remained the least industrialized region after Sub-
Saharan Africa (excluding South Africa).

Sub-Saharan Africa (excluding South Africa) accounted for
only 1 percent of the developing world's MVA in 1998, down
from nearly 3 percent in 1985. Per capita, it was the least
industrialized region, and unlike other regions, its per capita
values declined. The least developed countries experienced
good growth, but from a small initial base. Bangladesh
accounted for 31 percent of this group's MVA in 1985 and
53 percent in 1998. Without Bangladesh, the least developed
countries accounted for 0.5 percent of the developing world's
in 1985 and for nearly zero in 1998.

Manufactured exports

Manufactured exports have grown faster than MVA in every
region, reflecting the internationalization of industry.
Developing countries again performed better than industrial-
ized countries in both manufacturing growth and exports. By
1998 they had raised their share of world manufactured
exports by 8 percentage points (compared with about 2
points for MVA). Per capita exports from industrialized coun-
tries were 15 times those from developing countries in 1998,
down from 22 times in 1985.

The gap in manufactured exports per capita between indus-
trialized countries and the least developed countries widened
from 192: 1 to 212: 1, as did that between developing coun-
tries and the least developed countries, from around 9: 1 to
14: 1. Thus the least developed countries fared much worse in
exporting than in MVA. Industrial performance improved for
other developing countries-but weakened for the least
developed countries.

East Asia dominated developing country exports of manufac-
tured goods even more than it did MVA, accounting for nearly



two-thirds of the total in 19982 Its rapid growth is reflected
in reduced shares for all other developing regions. The largest
fall in share, 4 percentage points, occurred in Latin America
and the Caribbean-and excluding Mexico the fall was a mas-
sive 10 percentage points. The share of the Middle East and
North Africa fell to 3 percent of the developing country total
in 1998.

Sub-Saharan Africa saw its small share of manufactured
exports drop by half. Moreover, in 1998 Mauritius accounted
for about a third of the region's $5 billion in manufactured
exports (excluding South Africa). In per capita terms, exports
from East Asia (excluding China) were 100 times those from
Sub-Saharan Africa (excluding South Africa), 13 times those
from South Asia and 6 times those from Latin America and
the Caribbean.

The least developed countries accounted for 1 percent of man-
ufactured exports from developing countries in both 1985 and
1998. Because of its success with apparel, Bangladesh domi-
nated this group's exports more than its MVA, moving from
58 percent of the total in 1985 to 78 percent in 1998.
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Source: UNIDO Scoreboard database (see technical annex).
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Source: UNIDO Scoreboard database (see technical annex).

Data on MVA and manufactured exports indicate that:

o MVA and exports are highly concentrated in industrialized
countries, though the share of developing countries is
increasing for both. Manufacturing production is more
concentrated than exports.

o The main producing and exporting countries are gener-
ally similar, but there are exceptions. Brazil is a leading
producer but not exporter. Belgium and the Netherlands
are leading exporters but not producers.

Indonesia 3%

Philippines 3%
Brazil4%

Thailand 5%

Singapore 11%

Republic of
Korea 12%

Taiwan Province
of China 11%

Mexico 11 %

o Country concentrations in world shares of MVA and man-
ufactured exports are declining, mainly due to the declin-
ing share of the United States in MVA and the declining
shares of most industrialized countries in exports.

o Country concentrations are rising among developing
economies, particularly in exports. Developing economy
leaders in MVA are geographically dispersed, with five
from East Asia (China, Indonesia, Republic of Korea,
Taiwan Province of China, Thailand), three from Latin
America and the Caribbean (Argentina, Brazil, Mexico)
and one from South Asia (India; figure 2.1). This is not the
case for exporters-eight are from East Asia (adding
Malaysia, the Philippines and Singapore to the leading pro-
ducers of MVA) and two are from Latin America and the
Caribbean (Brazil, Mexico; figure 2.2). China led both
groups in 1998, raising its share by 7 percentage points in
MVA and 14 points in exports since 1985.

o The 30 poorest developing countries now account for 0.5
percent of world MVA and 0.3 percent of exports.

Technological structure of manufacturing
value added and exports

MVA and manufactured exports are becoming more
technology-intensive, moving from low-tech and resource-
based products to medium- and high-tech products.
Classifications of manufactured products by technology
intensity are provided in box 2.1.

Medium- and high-tech products now account for more than 60
percent of global manufactured exports, mainly because of rapid
growth of high-tech exports3 In international trade, however,
another factor is at play: the rise in integrated global production
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Box2.1 ~~~~~

There are many ways to classify manufactured products by technol-
ogy intensity. The classifications used in this report are based on those
of OECD countries but exclude unprocessed primary commodities.

Resource-based manufactures: mainly processed foods and tobacco,
simple wood products, refined petroleum products, dyes, leather (not
leather products), precious stones and organic chemicals. The products
can be simple and labour-intensive (simple food or leather processing)
or intensive in capital, scale and skills (petroleum refining or modern
processed foods). Competitive advantage in these products generally-
but not always-arises from the local availability of natural resources.

Low-tech manufactures: mainly textiles, garments, footwear, other
leather products, toys, simple metal and plastic products, furniture
and glassware. These products tend to have stable, well-diffused tech-
nologies largely embodied in capital equipment, with low R&D expen-
ditures and skill requirements and low economies of scale. Labour
costs tend to be a major element of cost, and the products tend to be
undifferentiated, at least at the mass-produced (nonfashion) end of
the scale. Barriers to entry are relatively low; competitive advantages
in these products-of interest to developing countries-come from
price rather than quality or brand names.

Medium-tech manufactures: heavy industry products such as auto-
mobiles, industrial chemicals, machinery and relatively standard elec-
trical and electronic products. The products tend to have complex but
not fast-changing technologies, with moderate levels of R&D expen-
ditures but advanced engineering and design skills and large scales of
production. In engineering products there is emphasis on product
design and development capabilities as well as extensive supplier and
subcontractor networks. Barriers to entry tend to be high because of
capital requirements and strong learning effects in operation, design
and (for some products) product differentiation. Innovation and learn-
ing in the engineering segment increasingly involves cooperation in

systems governed by transnational corporations. The relocation
of different stages of production in different countries results in
considerable intrafirm trade. Integrated production systems are
most prominent in information and communication technology
industries, where the high value-to-weight ratio of the product
makes it economical to ship products and components around
the world in search of fine differences in cost.

Developing countries have less technology-intensive produc-
tion and exports than do industrialized countries, but the gap
is narrowing. The technological upgrading of developing
country exports is faster than that of MVA (figures 2.3 and
2.4). High-tech products are experiencing the fastest growth
in export shares and, if current growth rates continue, will
soon overtake low-tech exports. Indeed, in 1998 developing
country exports of electronics ($265 billion) were much larger
than exports of textiles, clothing and footwear ($170 billion).
But high-tech exports, far more than manufactured exports
generally, are highly concentrated in a few countries.

Low-income countries (excluding China and India) have far less
technology-intensive production and exports than other devel-
oping countries, and their upgrading is much slower4 Indeed,
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the value chain between manufacturers, suppliers and sometimes cus-
tomers (for large items of equipment).

High-tech manufactures: complex electrical and electronic (including
telecommunications) products, aerospace, precision instruments, fine
chemicals and pharmaceut'lcais. These products, with advanced and
fast-changing technologies and complex skill needs, have the highest
entry barriers. The most innovative ones call for large R&D investment,
advanced technology infrastructure and close interaction between
firms, universities and research institutions. But many activities, partic-
ularly in electronics, have final processes with simple technologies,
where low wages can be an important competitive factor. The high
value-to-weight ratio (for example, electronics products have a higher
unit value relative to their weight than automotive products) of these
products allows segments of the value chain to be broken up and
located across long distances.

The data do not allow the same classifications for MVA as for exports:
MVA data have more gaps and the categories are often broader. Thus
MVA is divided into three categories-resource-based, low-tech and
medium-plus-high-tech-while exports are divided into four. Note that
MVA and export data do not distinguish countries by their genuine
domestic capabilities in technology-intensive activities. The normal pre-
sumption is that production and exports reveal domestic technological
capabilities, but the spread of high-tech assembly activity to low-wage
countries belies this. Countries with low technological capabilities can
appear technologically advanced, giving a misleading picture of industrial
performance. This problem is not possible to solve by refining available
data on MVA and exports. Thus other evidence on the spread of global
integrated production systems dominated by transnational corporations
and on local technological effort is used to arrive at a fairly realistic pic-
ture of national technological capabilities. The distinction between gen-
uine technological capabilities and high-tech assembly is important, and
the implications are discussed more fully in later chapters.

between 1985 and 1998 their technological structure of pro-
duction and exports actually regressed. The least developed
countries have the lowest technology composition for both
production and exports, with that for exports deteriorating.

East Asia has the developing world's most complex industrial
production and exports and the fastest technological upgrad-
ing. Latin America and the Caribbean has achieved strong
technological upgrading, but mainly because of Mexico
(driven by NAFTA and concentrated in the maquiladoras on
the U.S. border). South Asian exports are low-tech (out of line
with its production structure, which reflects India's heavy
industry strategy), and upgrading is slow. Sub-Saharan Africa
has experienced some technological downgrading because of
rising shares of resource-based industries.
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The top 5 and 10 exporters in 1985 and 1998 are shown in
figure 2.5 according to the technology intensity of their prod-
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ucts. Although country concentrations are falling for every
product group, they remain high. Complex (medium- and
high-tech) products have much higher country concentrations
than simple (resource-based and low-tech) products.
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36,944
33,930

32,830
30,926
30,518
27,579
23,023
22,801
18,358
18,106
18,081
17,331
14,897
12,667
9,955
8,696
6,519
6,247
5,810

922,661
952,6B5

1998
High-tech
exports

170,513
109,627
83,324
68,276
58,678
57,025

Economy
United States
Japan
Germany
United Kingdom
Singapore
France
Taiwan

Province of China
Netherlands

Korea, Republic of
Malaysia
China
Mexico
Italy
Ireland
Sweden
Canada
Philippines
Switzerland
Belgium
Thailand
Finland
Spain
Austria
Israel
Denmark

99

4,480
4,478
4,381
3,879
3,862
3,541
2,827
2,269
2,123
1,464
1,356
1,277
1,255

942
717
716
665
599

177,628
179,380

High-tech
exports

41,859
35.731
21.795
13,013
12,141
7,063
5,195

8 Taiwan
Province of China

9 Canada
10 Switzerland
11 Singapore
12 Sweden
13 Korea, Republic of
14 Belgium
15 Hong Kong SAR
16 Ireland
17 Austria
18 Denmark
19 Malaysia
20 Spain
21 Israel
22 Mexico
23 Finland
24 Poland
25 Brazil

1985

Rank Economy
1 United States
2 Japan
3 Germany
4 United Kingdom
5 France
6 Italy
7 Netherlands

Total for top 25
World total
Share of top 25 in
world total (percent)

Among developing economies the leading exporters were
Singapore, Taiwan Province of China and the Republic of
Korea, with Singapore making an impressive leap (from 11th

In 1985 and 1998 the top exporters of high-tech manufac-
tured products were the United States, Japan, Germany and
the United Kingdom (table 2.1 )-suggesting that the leading
exporters have deep, enduring capabilities. Otherwise, there
was more fluidity among the top 25 exporters. Several indus-
trialized economies lost rank significantly (five or more places):
Austria, Belgium, Canada, Denmark, Italy and Switzerland.
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Source: UNIDO Scoreboard database (see technical annex).
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Source: Calculated from UN Comtrade database.
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to 5th place). Mexico and Malaysia were also strong per-
'i1<mJ~~rW~~formers, with Mexico jumping from 22nd to 12th place and

Malaysia from 19th to 10th. China's performance was par-
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ticularly noteworthy: not among the top 25 exporters in
19851985, it was in 11th place in 1998. The Philippines and 1998

Medium- Medium.
Thailand were also new entrants. tech tech

Rank Economy exports Economy exports

High-tech exports are highly concentrated, with the top 25 1 Japan 101,697 Germany 232,429
2 Germany 79,256 Japan 190,735

countries accounting for 97-99 percent of world high-tech 3 United States 54,514 United States 189,215
exports in both years. The top 10 accounted for 84 percent 4 France 28,357 France 97,154

of the total in 1985 and 69 percent in 1998, and the top 5 5 Italy 25,500 Italy 93,003
6 Canada 23,274 United Kingdom 84,013

for 72 percent and 52 percent. 7 United Kingdom 20,702 Canada 58,724
8 Belgium 14,177 Belgium 56,975

The high, stable level of export concentration suggests two 9 Sweden 11,184 Korea, Republic of 42,366
10 Netherlands 10,543 Mexico 40,332

trends. The first is that, despite the spread of global produc- 11 Korea, Republic of 10,362 Spain 40,301
tion systems, most high-tech exports remain in a few indus- 12 Switzerland 10,308 Netherlands 35,884

trialized countries. Second, there are exceptions to this. 13 Spain 6,506 China 30,853
14 Austria 5,887 Switzerland 29,657

Some developing countries have become major exporters 15 Taiwan Taiwan
and have built up strong first-mover advantages. China, Province of China 5,818 Province of China 27.761

which is a new entrant, shows strong competitive capabili- 16 Singapore 3,708 Sweden 24,898
17 Brazil 3,612 Austria 19,719

ties across a range of high-tech exports. 18 Finland 3,378 Singapore 18,214
19 Denmark 2,999 Malaysia 12,001
20 Hong Kong SAR 2,940 Brazil 10,926
21 Poland 1,953 Czech Republic 10,675

Medium-tech exports 22 Norway 1,395 Finland 10,363
23 Mexico 1,375 Denmark 8,534

Medium-tech exports also show a fair amount of stability, 24 Ireland 1,160 Portugal 7,801
25 Portugal 1,019 Hungary 7,772

with the same industrialized countries (with slightly shifting
ranks) in the top eight places in both 1985 and 1998 (table Total for top 25 431,624 1,380,304

2.2). Among developing countries the Republic of Korea was World total 437,990 1,444,987
Share of top 25 in

a leading exporter in both years, followed by Mexico (which world total (percent) 99 96
rose from 23rd to 10th place) and China (absent in 1985, and
in 13th place in 1998). Malaysia was another new entrant. Source: Calculated from UN Comtrade database.

The country concentration of medium-tech exports is not very
different from that of high-tech exports and fell slightly over
time. The top 25 countries accounted for 99 percent of world
medium-tech exports in 1985 and 96 percent in 1998. The
shares of the top 10 countries were 84 percent and 75 per-
cent, and of the top 5 countries, 66 percent and 56 percent.

In some ways medium-tech exports show national
technological capabilities better than do high-tech exports.
The assembly activities of transnational corporations playa
role here too, but less so than in high-tech exports, because
strong export performance in medium.tech is often based
on deeper local manufacturing. Mobility plays a role as well.
Parts and components of high-tech equipment can often be
shipped around the world more easily than those of heavy
industries. In the Republic of Korea and Taiwan Province of
China medium-tech exports are led by domestic firms, while
in Brazil, Malaysia, Mexico and Singapore they are led by
transnational corporations. (China is a mix.) In both groups
medium- and high-tech exports are the outcome of long
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processes of domestic technological capability building-as
in the automobile industry in Brazil and Mexico and the
electronics in Malaysia and Singapore.

Low-tech exports

Four of the top five low-tech exporters in 1985 and 1998
were industrialized countries, with the United States rising
in rank and Japan declining (table 2.3). The number of devel-
oping countries in the top 25 low-tech exporters is similar to
that in other technology categories-with seven developing
countries in 1985 and eight in 1998. More interesting, the
leading exporters were also similar, with most East Asian
Tiger economies in the group, along with Mexico. But there
are also important differences. China, not among the top 25
exporters in 1985, was the global leader in 1998. Yet its low-
tech strengths do not detract from its strong performance
in medium- and high-tech products.
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1985 1998 1985 1998
Low-tech Low-tech Resource- Resource-

Rank Economy exports Economy exports based based
1 Germany 25,263 China 76.463 Rank Economy exports Economy exports
2 Italy 24,756 Italy 70,208 1 United States 22,065 United States 61,055
3 Japan 21,301 Germany 66.756 2 Germany 21,795 Germany 54,575
4 Taiwan United States 55,554 3 France 17,130 France 41,185

Province of China 14,604 4 Netherlands 17,012 Belgium 34.400
5 France 13,139 France 36,697 5 Canada 14,759 United Kingdom 34,380
6 Korea, Republic of 11,523 Taiwan 6 Italy 12.713 Canada 32,624

Province of China 30.716 7 United Kingdom 12,200 Netherlands 29.741
7 Hong Kong SAR 9,683 United Kingdom 30,022 8 Belgium 11,306 Italy 28,266
8 United States 9,086 Japan 29,629 9 Japan 9,105 Japan 23,333
9 Belgium 8,082 Belgium 25,647 10 Sweden 7,927 Ireland 16,651

10 United Kingdom 8,059 Korea, Republic of 23,054 11 Singapore 6,883 Spain 15,989
11 Netherlands 5,246 Mexico 17,522 12 Spain 5,523 China 15,091
12 Spain 4,707 Netherlands 16.755 13 Finland 5.462 Sweden 14.493
13 Austria 4,535 Spain 14,961 14 Brazil 5,320 Finland 14,280
14 Switzerland 4.458 Canada 14,518 15 Switzerland 5,051 Singapore 13.764
15 Sweden 4,295 Austria 12,932 16 Denmark 2,962 Switzerland 12,251
16 Canada 2,965 Hong Kong SAR 12,263 17 Austria 2,912 Korea, Republic of 11,829
17 Brazil 2,590 Switzerland 11,504 18 Taiwan Brazil 11,742
18 Portugal 2,256 Turkey 11,259 Province of China 2,735
19 Turkey 2,235 India 9,851 19 Venezuela 2,577 Malaysia 9,891
20 Finland 2,097 Thailand 9,221 20 Malaysia 2,553 Israel 7,902
21 Denmark 2,091 Sweden 9,216 21 Korea, Republic of 2,380 Austria 7,802
22 India 1,950 Portugal 8,592 22 Ireland 2,197 Thailand 7,027
23 Singapore 1,369 Poland 7,825 23 Israel 2,001 Denmark 6,282
24 Greece 1,045 Denmark 7,008 24 Australia 1,776 Mexico 6,117
25 Israel 1,031 Czech Republic 7,002 25 India 1,745 India 6,102

Total for top 25 188,365 615,175 Total for top 25 198,089 516,772
World total 197,376 694,138 World total 215.418 593,812
Share of top 25 in Share of top 25 in
world total (percent) 95 89 world tota I (percent) 92 87

Source: Calculated from UN Comtrade database. Source: Calculated from UN Comtrade database.

Brazil, revealing competitive weaknesses in law-tech prod-
ucts, was absent fram the list in 1998. Hang Kang Special
Administrative Regian (SAR) af China also. weakened, but a
significant part af China's law-tech exports is based an the
aperatian af Hang Kang SAR firms.

Law-tech exparts are less cancentrated than high- or medium-
tech exparts. But country concentratians are still high. The tap
25 cauntries accounted far 95 percent af law-tech exparts in
1985 and 89 percent in 1998, the tap 10 cauntries far 74 per-
cent and 64 percent, and the tap 5 cauntries for 50 percent
and 44 percent. That sa many industrialized countries persist-
ently lead in these exparts, despite high and rising wages, sug-
gests that cheap unskilled labaur is nat a daminant competitive
advantage. Law wages far praductive and skilled warkers do.
matter, as China shaws, but strong advantages based an skills,
technalagy and arganizatian persist aver time. Thus develap-
ing countries that want to. establish a lang-term lead, autlast-
ing rising wages, have to. develap such advantages.

Resource-based exports

Industrialized countries made up the tap 10 exparters af
resaurce-based praducts, with the United States, Germany
and France leading in bath 1985 and 1998 (table 24). Many
develaping countries rely heavily an primary exports, but cam-
petitiveness in pracessed primary products is firmly in the
hands af industrialized countries, many withaut a large
damestic resaurce base. Again, technalagy-mainly the abil-
ity to. handle large, capital-intensive and complex processing
facilities-is af great impartance. Sa are complex organiza-
tian (large integrated praductian facilities acrass natians),
marketing and branding.

In 1985 Singapare was the leading develaping ecanamy
exparter af resaurce-based praducts-reflecting its large petro-
chemical processing facilities. China led in 1998. The Republic
af Korea and Taiwan Province af China were also. amang the
main resaurce-based exparters, despite their lack af damestic
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resources. Other leading developing economies included
resource-rich Brazil, Malaysia, Mexico and Thailand. India
appears in the group because of its major business of cutting
(imported) gems. Of the four technology groups, resource-
based exports are the least concentrated by country. The top 10
exporters accounted for 68 percent of the total in 1985 and 60
percent in 1998, and the top 5 for 43 percent and 38 percent.
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Industrial performance reflects the complex interaction of
many factors, including institutions, skills, technologies, infra-
structure, networking, political and social stability and other
factors. It is not possible to quantify all these in a comparable
way across countries. It is also not necessary here to include
macroeconomic variables analyzed regularly (and in great
depth) by other agencies. Mapping the structural influences
on industrial performance-termed drivers, for
convenience-calls for selectivity and simplification. This
report focuses on five drivers directly relevant to industry and
for which comparable data are available: skills, technological
effort, inward foreign direct investment, royalty and techni-
cal payments abroad and modern infrastructure.

Skills

Skills have always been important for industrial performance.
But they have become even more crucial because of the

explosive growth of the weightless economy and the high
information content of industrial activities. It is difficult to
quantify a country's stock of industrial skills. Few countries
publish data on people's skills by discipline. And even if they
did, it would be impossible to estimate levels of relevant, up-
to-date skills.

As a result most comparisons of industrial skills use flows
rather than stocks: current education enrolments at the pri-
mary, secondary and tertiary levels. Such measures have two
main drawbacks. First, they ignore on-the-job learning-
experience and training-which in many countries is a major
source of skill formation. Second, enrolment data do not take
into account the significant differences across countries in
education quality, completion rates and relevance to indus-
trial needs.

Lacking better data, this report relies on formal enrolment fig-
ures. Which level of education is most relevant for industrial
performance? Primary enrolments may not be as relevant as
secondary and tertiary because most countries have achieved
universal primary education and much of modern industry
requires higher level skilIss In line with the classic work of
Harbison and Myers (1964), this report assumes that second-
ary and tertiary enrolments are the most relevant skill indica-
tors and that tertiary enrolments should be weighted more
heavily than secondary6

Developing countries account for a large share of the world's
tertiary enrolments-more than twice their shares of MVA
and exports, and nearly nine times their share of global R&D.
Tertiary enrolments grow slowly in all regions, but they grow

Figure2.6 ~@~~OOiJ~~~ffixfI~~'iJ~ffixfI'iJW3
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faster in developing than in industrialized countries. Still, the
intensity of skill creation (measured by enrolments per 1,000
people) is far lower in developing than in industrialized and
transition economies.

In terms of the number of students, lower-middle-income
countries do slightly better than high-income and upper-
middle-income countries in total tertiary enrolments and
slightly worse in technical enrolments. Transition economies
have the highest intensity of technical skill creation. Low-
income countries have achieved significant growth in general
tertiary enrolments, but from very small bases.

The distribution of tertiary enrolments in developing regions
has a pattern similar to that for MVA and manufactured
exports, with a strong lead by East Asia (figure 2.6). South
Asia's performance is better here because of high enrolments
in India, but its shares of global and developing country enrol-
ments fell between 1987 and 1995. In 1995 Sub-Saharan
Africa (excluding South Africa) accounted for less than 2 per-
cent of technical enrolments in developing countries-
though it had the second-fastest growth rate (after EastAsia).
Per capita, its enrolments were 6 percent of those in East Asia
(excluding China) and 9 percent of those in Latin America and
the Caribbean.

Among developing countries, China and India dominate total
and technical tertiary enrolments-together accounting for a
third of the total-followed by Indonesia and the Republic of
Korea. Among industrialized countries the United States and
the Russian Federation have the most students enrolled in

technical education, accounting for nearly one-quarter of the
world total.

Technological effort

Technological effort is a crucial driver of industrial develop-
ment, even for industrial latecomers. Countries that import
technologies must engage in conscious learning to master the
technologies and adapt them to local conditions. The more
advanced and complex the technology, the greater the learn-
ing effort required.

Much of this effort cannot be quantified. It occurs in almost
all parts of an enterprise, and much of it is informal. Some
does take the form of formal R&D, however. R&D becomes
more significant as a country's industrial structure develops
and firms use more advanced technologies-even in firms not
innovating at technological frontiers, because R&D is needed
to understand, adapt, imitate and improve imported tech-
nologies. R&D is also vital to keeping track of technological
progress elsewhere in the world. These imitative and moni-
toring functions of R&D are prominent even in industrialized
countries.

Because comparable information on R&D spending is avail-
able across countries, these data are used here as a proxy for
technological effort. 7 Data on R&D financed by productive
enterprises-as defined by the United Nations Educational,
Scientific and Cultural Organization (UNESCO)-are preferred
to data on total national spending on R&D because enterprise

1985
• 1998

Percent

80

70

60
50

40
30

20

10

o - • II -
Source: UNIDO Scoreboard database (see technical annex).
a. Data for 1985 are missing because data for China are missing.

East Asiaa East Asia South Asia
(without China)

Latin
America
and the

Caribbean

Latin
America
and the

Caribbean
(without
Mexico)

Sub-Saharan Sub-Saharan
Africa Africa

(without
South Africa)

Middle East
and

North Africa
and Turkey

Global industrial activity 35



R&D is more directly related to industry (total R&D spending
also includes agriculture, defence, health and so on).
Moreover, in most developing countries government-
financed R&D, often the bulk of national R&D, goes to state
or university laboratories, with little impact on industrial
innovation.

Around the world, enterprise-financed R&D grew 10 percent a
year between 1985 and 1995-1998 (using the most recent
available data), reflecting the growing importance of techno-
logical effort. Developing country R&D grew faster (18 percent
a year) but from a low base, accounting for just 5 percent of
the world total in 1998. Percapita R&D in developing countries
was only 1.0 percent of that in industrialized countries, up from
0.5 percent in 1985. High- and upper-middle-income develop-
ing countries accounted for nearly 90 percent of the group's
total. In the poorest countries (excluding China and India) R&D
was practically nonexistent. During this period R&D as a share
of world MVA rose from around 4 percent to 6 percent.

Among developing regions, East Asia has a stronger lead in
enterprise-financed R&D than in production, exports or skills
(figure 2.7). Including China, the region accounts for nearly
four-fifths of the developing world total. The shares of all
other developing regions decreased, particularly in South Asia
(from 14 percent to 2 percent). In both 1985 and 1998 Sub-
Saharan Africa (excluding South Africa) had no share of the
total.

The developing world's enterprise-financed R&D is also highly
concentrated (figure 2.8). In 1998 the Republic of Korea
accounted for more than half of the total, and the two next
biggest sources-Taiwan Province of China and Brazil-
together accounted for more than a quarter. Almost all R&D

Figure2.8 ~~~I:tJ~
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Source: UNIDO Scoreboard database (see technical annex).
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funded by enterprises occurred in 10 economies, and none
occurred in the 30 economies at the bottom of the list.

Among industrialized countries the United States, Japan and
Germany were at the top, accounting for 82 percent of the
world total in 1985 and 75 percent in 1998-though their
shares changed. Germany's share fell 10 percentage points
and that of the United States fell 3 points, while Japan gained
about 6 points.

Inward foreign direct investment

Foreign direct investment (FDI) is an important way of trans-
mitting skills, knowledge and technology to developing coun-
tries and so is an important driver of industrial performance.
Transnational corporations, generally the leading innovators
in their industries, are engaging in more technology
transfer-reflecting the rising cost and pace of technical
progress and the reluctance of innovators to sell valuable
technologies to independent firms8 Transnational corpora-
tions also provide capital, skills, managerial know-how and
access to markets.

Countries can accelerate their industrial development by
plugging into integrated global production systems-
governed by transnational corporations-and becoming
global or regional supply centres, particularly in high-tech
activities. Independent firms in developing countries can par-
ticipate in these systems, but few have the capabilities to meet
the extremely high technical standards.9 Most countries that
have entered these systems in recent years have done so
through FDI.

Transnational corporations, though good at transferring
operational technologies, are far less so interested in trans-
ferring or fostering deeper technological capabilities. It is
often not economical for transnational corporations to relo-
cate R&D at the same pace as production. Agglomeration,
linkages, cumulative learning and economies of scale make it
costly to spread R&D overseas-particularly to developing
countries short on high-level skills, advanced infrastructure
and supporting research institutions. Thus most developing
countries do not attract the research activities of transnational
corporations.10 So, although FDI is important for industrial
performance, it may not be the best way to deepen techno-
logical activity in developing countries.

The ideal FDI measure for assessing industrial performance
would be inflows into manufacturing (and within that, into
domestic and export production). But this kind of disaggre-
gation is generally not possible: for most countries the only
available measures are inward FDI flows and stocks. This



report uses flows, averaged over three years to minimize vari-
ations." The inability to distinguish FDI for manufacturing
and FDI for other sectors should be taken into account, par-
ticularly in regions-such as Latin America-where a large
portion of FDI goes into utilities and banking.

Around the world, FDI inflows grew more than 15 percent a
year between 1981-1985 and 1993-1997. This growth was
faster than that for global MVA (about 7 percent) and man-
ufactured exports (10 percent). Developing countries
achieved faster FDI growth (18 percent) than industrialized
countries (about 14 percent) and in 1993-1997 accounted for
one-third of world FDI inflows.

The Middle East and North Africa has seen a large decrease
in its share of world and developing country FDI. Latin
America and the Caribbean retained its share of the develop-
ing country total (about 30 percent). Sub-Saharan Africa
(excluding South Africa) experienced a small decrease in its
world share, while its developing country share halved. Per
capita flows are lowest in South Asia-$2 in 1993-1997, less
than half that in Sub-Saharan Africa (excluding South Africa)
and only 3 percent of that in East Asia and Latin America and
the Caribbean. Although South Asia's shares have increased
(it has the fastest growth in flows), it has a long way to go
before it catches up with other regions.

In India and Pakistan export-oriented FDI is lower than the
average for the developing world. The same is true for most
of Sub-Saharan Africa, where most FDI goes into resource
extraction, which is concentrated in oil-exporting economies.

Latin America and the Caribbean has the highest per capita
FDI among developing regions. But much of the region's FDI
goes into industrial activities oriented towards the domestic
market and into privatized utilities. The main exception is the
automobile industry in Argentina, Brazil and Mexico, where
transnational corporations have invested large amounts and
improved export competitiveness enormously. Apart from
Costa Rica and Mexico there has been little FDI in high-tech
export-oriented activities in Latin America.

China's dominates FDIflows to developing countries, followed
by Singapore, Brazil and Mexico (figure 2.9). In 1993-1997
nearly 80 percent of FDI in developing countries went to 10
countries.

Royalty and technical payments abroad

Royalty and technical payments abroad are meant to cap-
ture arm's-length purchases of know-how, patents, licences
and blueprints-imports of embodied technology in non-
equity forms.'2 Some countries do not publish royalty data,
and values have to be imputed by looking at ratios of roy-
alty payments to total service payments by similar countries.
Moreover, royalties and technical fees are not always for
industrial technology-some of them go for service sector
purchases of know-how, brand names and franchises.
Royalty payments often include non-arm's length transac-
tions, with significant flows between the affiliates and par-
ents of transnational corporations. Many of the largest
spenders on licensing (Hong Kong SAR, Ireland, Singapore)
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Technology licence payments rose 17 percent a year in
1985-1998, even faster than FDIflows. The world leaders are
the United States and Japan, which are also the largest indus-

have a strong presence of transnational corporations, and a
substantial share of the payments are made by these corpo-
rations' systems. But while the statistical correlation
between FDI and royalty payments is positive, it is not very
high (0.43)-suggesting that arm's-length transactions
account for a significant portion of the total. Thus this vari-
able is the best available proxy for technology purchases by
local firms.

trial innovators and technology exporters. The growth of
their technology exports suggests that innovators are spe-
cializing and that technology markets are becoming quite
integrated.

EastAsia pays far more royalty fees than any other developing
region (figure 2.10). EastAsia (excluding China) also has by far
the highest per capita spending on these fees (about $27), in
line with its high-tech specialization. That the region also
spends the most on R&D and receives the most FDI suggests
that these different modes of acquiring and developing tech-
nology complement each other. South Asia and Sub-Saharan
Africa (excluding South Africa) spend the least per capita on
royalties (less than $0.25 each), suggesting a massive-and
possibly harmful-gap in accessing world technologies. In
1998, 10 countries accounted for 86 percent of the develop-
ing world's spending on royalty fees (figure 2.11). The bottom
30 countries accounted for almost none.

National data on traditional infrastructure-railways, roads,
ports, water supplies-are not readily available. Data on mod-
ern infrastructure-related to information and communica-
tion technologies-are easier to collect, so this report uses
data on telephone mainlines, mobile telephones, personal
computers and Internet hosts for each country.

Modern infrastructure
Republic
of Korea
16%

Taiwan Province
of China 9%

Argentina 3%
Mexico 3%

Thailand 7%

Indonesia 7%

Source: UNIDO Scoreboard database (see technical annex). The distribution of modern infrastructure is similar to that for
other drivers, with EastAsia in the lead (figure 2.12). But Latin
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America and the Caribbean also does well, reflecting its high
per capita incomes. South Asia and Sub-Saharan Africa
(excluding South Africa) do quite poorly. Adjusted for popu-
lation size, South Asia deteriorates considerably relative to
East Asia (excluding China), while Latin America and the
Caribbean does fairly well-particularly on telephones (figure
2.13). But for advanced information and communication
technologies (personal computers and Internet hosts), East
Asia (excluding China) retains the lead among developing
regions. South Asia performs poorly, even compared with
Sub-Saharan Africa (excluding South Africa).

1. East Asia (excluding China) was catching up rapidly, however, and

its 1998 figure is an aberration-reflecting the immediate effects of

the previous year's financial crisis.

2. Note that the value of manufactured exports from East Asia,

particularly East Asia (excluding China), exceeds the region's MVA.

This is because the value of manufactured exports is a gross figure

(including the value of inputs) while MVA is net of inputs.
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3. MVA data do not distinguish between medium- and high-tech

industries, so they are combined.

4. Country classifications by income level are from World Bank (2001 b).

5. In some developing countries, however, primary education

remains the main source of skill formation. These countries skill have

high illiteracy rates, and their industrial sectors are concentrated in

simple activities that do not require high-level skills. But including pri-

mary enrolment rates in the skill measure does not noticeably change

country rankings; all rankings of skill levels are closely correlated.

6. This report recalculates the Harbison-Myers index for 1985 and

1998. The index measures a country's average share of the relevant

age groups enrolled in secondary and tertiary education, with tertiary

given a weight of five. In addition, the report uses two other meas-

ures to capture the creation of high-level skills: the number of students

enrolled at the tertiary level in all subjects and the number enrolled at

the tertiary level in technical subjects (defined as mathematics, com-

puting, engineering and pure science). These two measures use pop-

ulation as the deflator (unlike the Harbison-Myers index, which uses

the relevant age group as the deflator). The Harbison-Myers index and

tertiary technical enrolment measures are significantly correlated, with

a correlation coefficient of 0.87. Both measures are also highly corre-

lated with the Barro and Lee (1993, 1996) measure based on coun-

tries' average number of years of education. In other words, countries

that invest in secondary and general tertiary education also produce

technically skilled workforces. Harbison-Myers indexes are shown in

annex table 3.5 and tertiary technical enrolments in annex table 3.6.

The starting year for the enrolment data is 1987 because it provides

broader country coverage. Because enrolment indicators tend to

change slowly, this does not significantly affect comparisons with

1985 data for other indicators. Harbison and Myers (1964) calculated

their index using 1958 data. For a comparison of their rankings for

1958 with data for 1995, see Lall (1999).

7. An alternative measure of effort, patents taken out in the United
States, was also calculated. Although industrialized countries often

40 Industrial Development Report 2002/2003

use this as a measure of innovative output, it is more relevant to fron-

tier innovation than R&D effort. But R&D and United States patent-

ing, appropriately deflated, are closely correlated: countries that

spend a lot on R&D also take out a lot of patents overseas.

8. Radosevic (1999).

9. For discussions of technical standards in the electronics industry,

see Ernst (1997, 2000), Hobday (1995), Mathews and Cho (2000).

10. See Lall (2001 b). Developing countries account for an extremely

small share of R&D by transnational corporations. In the mid-1990s

less than 1 percent of R&D by transnational corporations based in the

United States occurred in developing countries (while 11 percent was

in other industrialized countries). Even this small share was highly

concentrated, with nearly two-thirds in Brazil, Mexico and Singapore

(in declining order of importance). Still, even though the amount

spent on R&D in developing countries is low relative to corporate

R&D, it can account for a substantial share of national R&D in host

economies.

11. Flows are preferred for two reasons. First, stocks are calculated

at historical values and can give a misleading picture of the current

value of foreign investment assets. Second, flows give a better pic-

ture of current FDIactivity and so are more relevant to explaining cur-

rent performance. Still, a comparison of the two datasets for the

sample yielded similar rankings, so the choice between flows and

stocks does not make much practical difference.

12. Capital goods are also a type of "embodied" technology import

but are not included in externalized technology imports for several rea-

sons. First, the data capture a large element of equipment imports for

nonindustrial investment. Second, they include re-export of equip-

ment, particularly by entrep t centres like Hong Kong SAR and

Singapore, biasing the results in their favour. Third, the data include

components of capital goods for export processing, making export-

oriented countries in electronics appear to be very large importers of

technology.
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IPOLICYMAKERS ACROSS THE WORLD KEEP CLOSE TRACK OF OTHER

countries' industrial performance. This trend is grow-
ing, as the Web sites of many government ministries,

research institutes, consultancies and international organiza-
tions show. Industrial performance, productivity, innovative-
ness, skills, foreign direct investment inflows and the like are
constantly compared at varying levels of detail. This concern
with comparative industrial performance reflects global com-
petition and the usefulness of comparisons for policy pur-
poses. The systematic use of comparisons, or benchmarking,
c1early serves a strong need. 1

Benchmarks are needed because it is difficult to assessnational
industrial performance on the basisof a priori norms. For many
facets of performance there are no norms in economic theory.
Are manufacturing production, exports and employment
growing fast enough, given a country's resources, industrial
structure and level of technology? Are domestic enterprises
sufficiently innovative, or workers sufficiently skilled7 Is the
industrial infrastructure coping adequately with the needs of
the new economy? Is the economy participating fully in inter-
national knowledge flows? These and many similar questions
cannot be addressed using only theoretical parameters.

The best guide when addressing such important questions
comes from the performance of other (comparable) economies.
If they are doing consistently better, something is clearly amiss
at home. Even where a priori engineering parameters exist-
say, for an industrial plant-benchmarking against best practice
is still useful. It helps operators to see whether equipment can
be "stretched" to perform better or workers reorganized to
become more productive. Wherever performance can be
improved, benchmarking is a useful tool.

The sheer pace of change in the national and international
economic and technological environment also makes it far
more difficult for governments to assess domestic perform-
ance without looking at other economies. The need for
benchmarking is all the greater for countries undergoing
wrenching internal structural and policy shifts.

Benchmarking can be conducted at many levels-enterprise,
industry, institution, government or government department.
It can focus on specific matters, such as capital and labour
costs, infrastructure, technology, innovation, skills or the envi-
ronment. The more specific the level, the easier it is to derive
quantitative benchmarks; the more general the level, the
harder it is to define what is relevant and, often, how to meas-
ure it. So, benchmarking industrial performance is easier than
benchmarking national competitiveness. Still, even the level of
industry is quite general, with complexities and variations that
broad benchmarks cannot take into account. National bench-
marks should thus be seen as useful preliminary indicators of
relative performance. As an aid to policymaking, they have to
be supplemented by detailed analysis by country and activity.
It is just as important to bring in the qualitative institutional
and policy variables that such benchmarks have to leave out.

The Scoreboard introduced in this report provides useful infor-
mation on crucial aspects of industrial development.2lt provides
a simple tool that countries can use to assesstheir position with
respect to industrial performance (box 3.1) and its structural fea-
tures (discussed in chapter 4). The Scoreboard is an analytical
tool using published hard data to explain differences in indus-
trial performance and capabilities. It is merely a series of bench-
marks (which will be improved and enlarged over time). In the
next chapter, however, some simple statistical analysis is con-
ducted using the Scoreboard to check how closely industrial
performance relates to a given set of capability factors and
whether their structural features have changed over time. The
Scoreboard focuses on manufacturing and on a small number
of structural variables on which hard data are available.
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A ranking of economies by the competitive industrial perform-
ance ((IP) index reveals a general pattern that is as expected:
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Box3.1~~~~~

The competitive industrial performance ((IP) index focuses on the
national ability to produce manufactures competitively. Since it is diffi-
cult to find a single indicator that captures all the dimensions of com-
petitive production, the (IP index is constructed from four basic
indicators of industrial performance.

1. Manufacturing value added (MVA) per capita. MVA would auto-
matically capture the competitiveness of industrial activity if all pro-
duction from all countries were fully and equally exposed to
international competition-but it is not. Trade and other policies
limit the exposure of domestic industry to international competi-
tion. So do natural barriers to trade, such as high transport costs,
poor access to natural resources, differences in taste, legal and
institutional variations and information gaps. Production for home
markets (particularly in countries with large markets or with strong
import substitution policies) faces less intense competition than
production for export.

2. Manufactured exports per capita. The export measure indicates
how competitive industrial activity is in one set of markets. It also
captures another important aspect of industrial performance: the
ability of national industry to keep pace with technological change,
at least in exported products. Exports can be taken to demonstrate
that producers are using competitive (modern) technologies. This
is important because the technology measures below do not cap-
ture technological upgrading within broad product groups. The
export indicator partially offsets this inability.

3. Share of medium- and high-tech activities in MVA. The higher the
share of medium- and high-tech activities in MVA, the more tech-
nologically complex is the industrial structure of a country, and the
more competitive isthe country's industrial performance. Industrial
development generally entails moving up from resource-based and
low-tech to medium- and high-tech activities ((henery, Robinson
and Syrquin 1986). Technology-intensive structures are better for
growth and development. Technologically complex activities offer
greater learning potential and lend themselves more to sustained
productivity growth (because of the greater potential for applying
new scientific knowledge). Many have stronger spillover benefits,
especially hub activities that disseminate technology across differ-
ent activities. Historically this role was played by the capital goods

industrialized countries congregate near the top, transition
economies and middle-income developing countries around the
middle, low-income developing countries and least developed
countries at the bottom (table 3.1).

In general, ClP ranks changed little between 1985 and 1998.
The correlation coefficient between the index values for the
two years is 0.940, supporting the argument that performance
is the outcome of slow and incremental processes. Moreover,
since all countries are trying to raise their industrial perform-
ance, achieving relative improvements is difficult.

Leaps in the rankings are nevertheless possible. Between 1985
and 1998, 22 countries changed ranks by 10 or more places.
Countries near the top and bottom tend to have relatively sta-
ble positions, while those in the middle are more volatile. The
main cause of the large upward leaps appears to be partici-
pation in integrated global production networks, which
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sector; today the subsector of electronic technologies is vital
(Mowery and Rosenberg 1989). As seen in the previous chapter,
high-tech activities also enjoy better growth prospects. And they
often have dynamic international production systems.

Evenso, structural change is not automatic or easy because of the
slow, incremental and path-dependent nature of learning. Many
low-tech and resource-based industries can also have bursts of
rapid growth; activities within these industries can have high-tech
segments. And industries can shift between technological cate-
gories over time. Still, the technological complexity measure offers
insights into the ability of countries to sustain growth in the new
global setting.

4. Share of medium- and high-tech products in manufactured
exports. The share of medium- and high-tech products in manu-
factured exports is considered separate from the share in MVA,
because in certain circumstances the two differ significantly. In
large import-substituting developing economies, for example, the
structure of MVA tends to be more complex than that of exports.

The values for each of the four variables are standardized for the
sample to range from zero (worst performers) to one (best per-
formers). The composite index is calculated as a simple average of
the four standardized basic indicators. No weights are assigned to
any of the basic indicators. The effect of each basic indicator on
the final rank is also analyzed separately (see annex tables A3.1
and A3.2).

The technological breakdown of MVA isfar from perfect. The main
reason for this is the lack of consistent cross-country data at the
level of disaggregation required for fine distinctions by technolog-
ical intensity. Moreover, as noted in the previous chapter, it is
impossible to distinguish between industrial (or export) structures
based on genuine technological capabilities and those based on
low-tech assembly in high-tech industries. This problem is more
acute for export data: countries with large shares of high-tech
assembly in total exports appear among advanced industrial per-
formers (the Philippines is a good example). But the developing
countries affected by this data problem are relatively few, and their
identities are well known.

sharply raises the share of complex products in exports (and,
over a longer period, in MVA).

Among the top 40 ranking economies the largest improve-
ments were in China, Ireland, Thailand, the Philippines,
Malaysia, Costa Rica and Hungary, with Mexico, Singapore,
the Republic of Korea and Taiwan Province of China close
behind (figure 3.1). All of these, except for the Republic of
Korea and Taiwan Province of China, have experienced a sig-
nificant increase in the presence of transnational corpora-
tions in export manufacturing. The Republic of Korea and
Taiwan Province of China are more strongly linked to inte-
grated global production systems through such arrange-
ments as original equipment manufacturing than through
foreign direct investment. Among the bottom 40 countries
the largest improvement was in Indonesia, again with a
strong presence of transnational corporations in export
manufacturing.
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Rank Index value Rank Index value
1998 1985 Economy 1998 1985 1998 1985 Economy 1998 1985
1 6 Singapore 0.883 0.587 45 40 Tunisia 0.068 0.064
2 1 Switzerland 0.751 0.808 46 35 Venezuela 0.060 0.085
3 15 Ireland 0.739 0.379 47 53 Chile 0.056 0.030
4 2 Japan 0.696 0.725 48 56 Guatemala 0.056 0.028
5 3 Germany 0.632 0.635 49 65 Indonesia 0.054 0.012
6 5 United States 0.564 0.599 50 50 India 0.054 0.034
7 4 Sweden 0.562 0.633 51 38 Zimbabwe 0.052 0.071
8 7 Finland 0.538 0.494 52 57 EISalvador 0.051 0.027
9 8 Belgium 0.495 0.489 53 46 Morocco 0.048 0.038
10 12 United Kingdom 0.473 0.426 54 41 Saudi Arabia 0.047 0.063
11 10 France 0.465 0.450 55 49 Colombia 0.041 0.035
12 11 Austria 0.453 0.445 56 47 Mauritius 0.041 0.037
13 13 Denmark 0.443 0.424 57 67 Egypt 0.038 0.012
14 14 Netherlands 0.429 0.398 58 48 Peru 0.035 0.037
15 19 Taiwan Province of China 0.412 0.292 59 39 Oman 0.032 0.069
16 9 Canada 0.407 0.474 60 55 Pakistan 0.031 0.028
17 16 Italy 0.384 0.379 61 58 Ecuador 0.025 0.025
18 22 Korea, Republic of 0.370 0.247 62 64 Kenya 0.025 0.013
19 21 Spain 0.319 0.259 63 60 Jordan 0.024 0.022
20 20 Israel 0.301 0.290 64 66 Honduras 0.023 0.012
21 17 Norway 0.301 0.348 65 52 Jamaica 0.022 0.032
22 30 Malaysia 0.278 0.116 66 51 Panama 0.022 0.032
23 28 Mexico 0.246 0.125 67 69 Bolivia 0.021 0.009
24 Czech Republic 0.243 68 Albania 0.021
25 45 Philippines 0.241 0.044 69 71 Sri Lanka 0.017 0.008
26 26 Portugal 0.240 0.159 70 62 Nicaragua 0.017 0.020
27 34 Hungary 0.239 0.088 71 63 Paraguay 0.015 0.013
28 Slovenia 0.221 72 Mozambique 0.013
29 23 Australia 0.211 0.214 73 74 Bangladesh 0.011 0.008
30 18 Hong Kong SAR 0.204 0.320 74 54 Algeria 0.009 0.029
31 24 New Zealand 0.186 0.188 75 72 Cameroon 0.008 0.008
32 43 Thailand 0.172 0.058 76 59 Senegal 0.008 0.023
33 27 Brazil 0.149 0.140 77 68 Zambia 0.007 0.010
34 25 Poland 0.143 0.176 78 75 Nigeria 0.006 0.006
35 29 Argentina 0.140 0.122 79 79 Nepal 0.006 0.001
36 44 Costa Rica 0.129 0.053 80 70 Tanzania, United Republic of 0.005 0.009
37 61 China 0.126 0.021 81 78 Malawi 0.003 0.003
38 36 Turkey 0.108 0.082 82 73 Madagascar 0.003 0.008
39 32 South Africa 0.108 0.096 83 77 Central African Republic 0.003 0.003
40 33 Greece 0.102 0.093 84 80 Uganda 0.003 0.001
41 37 Romania 0.095 0.072 85 Yemen 0.001
42 31 Bahrain 0.089 0.099 86 76 Ghana 0.001 0.006
43 42 Uruguay 0.087 0.062 87 Ethiopia 0.000
44 RussianFederation 0.077

Source: UNIDO Scoreboard database (see technical annex).

Economies losing rank significantly include Hong Kong Special the group, improving its position from 15th to third. The
Administrative Region (SAR) of China, Bahrain, Poland, New major industrial powers-Japan, Germany and the United
Zealand and Canada among the top 40, and Oman, Algeria, States-near the top of the scale, saw a deterioration in their
Senegal, Zimbabwe, Saudi Arabia, Jamaica and Venezuela positions as a result of the improved positions of Singapore
among the bottom 40. and Ireland. Of the top 20, all but five are mature industrial-

ized countries. The exceptions, apart from Ireland and Israel,
are three East Asian Tigers-the Republic of Korea, Singapore

Industrialized and transition economies and Taiwan Province of China.

Switzerland led the industrialized countries in both years Among transition economies the leaders are the Czech
(table 3.2). In 1985 it also led the world, but Singapore had Republic, Hungary and Slovenia. Hungary, the only one of
overtaken it by 1998. Ireland had the biggest jump in rank in these three for which 1985 data are available, improved its
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Region or Rank Region or Rank
country group 1998 1985 Economy country group 1998 1985 Economy
Industrialized countries East Asia and the Pacific

2 1 Switzerland 1 6 Singapore
3 15 Ireland 15 19 Taiwan Province of China
4 2 Japan 18 22 Korea, Republic of
5 3 Germany 22 30 Malaysia
6 5 United States 25 45 Philippines
7 4 Sweden 30 18 Hong Kong SAR
8 7 Finland 32 43 Thailand
9 8 Belgium 37 61 China
10 12 United Kingdom 49 65 Indonesia
11 10 France South Asia
12 11 Austria 50 50 India
13 13 Denmark 60 55 Pakistan
14 14 Netherlands 69 71 Sri Lanka
16 9 Canada 73 74 Bangladesh
17 16 Italy 79 79 Nepal
19 21 Spain Sub-Saharan Africa
20 20 Israel 39 32 South Africa
21 17 Norway 51 38 Zimbabwe
26 26 Portugal 56 47 Mauritius
29 23 Australia 62 64 Kenya
31 24 New Zealand 72 Mozambique
40 33 Greece 75 72 Cameroon

Transition economies 76 59 Senegal
24 Czech Republic 77 68 Zambia
27 34 Hungary 78 75 Nigeria
28 Slovenia 80 70 Tanzania, United Republic of
34 25 Poland 81 78 Malawi
41 37 Romania 82 73 Madagascar
44 Russian Federation 83 77 Central African Republic
68 Albania 84 80 Uganda
68 Albania 86 76 Ghana

Latin America and the Caribbean 87 Ethiopia
23 28 Mexico Middle East and North Africa and Turkey
33 27 Brazil 38 36 Turkey
35 29 Argentina 42 31 Bahrain
36 44 Costa Rica 45 40 Tunisia
43 42 Uruguay 53 46 Morocco
46 35 Venezuela 54 41 Saudi Arabia
47 53 Chile 57 67 Egypt
48 56 Guatemala 59 39 Oman
52 57 EI Salvador 63 60 Jordan
55 49 Colombia 74 54 Algeria
58 48 Peru
85 Yemen
61 58 Ecuador
64 66 Honduras
65 52 Jamaica
66 51 Panama
67 69 Bolivia
70 62 Nicaragua
71 63 Paraguay

Source: UNIDO Scoreboard database (see technical annex).
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position by seven places, while those of Poland and Romania
deteriorated. The lowest ranked transition economy is
Albania, at 68th in the world.

Developing economies

Among the developing regions EastAsia led in both years and
also had the greatest improvement in ranks over the period.
There is wide dispersion within the region, however.
Singapore led East Asia in both years, ranking sixth and first.
Its nearest rival was Taiwan Province of China, ranking 13
places lower in 1985 and 14 lower in 1998-followed by the
Republic of Korea, which joined the top 20 in 1998. Most of
the economies that improved their ranks are in East Asia:
China (which improved its rank by 24 places), the Philippines
(20), Indonesia (16) and Thailand (11). Hong Kong SAR is the
only one in the region whose position worsened, by 12 places.

In Latin America and the Caribbean, Mexico, Costa Rica, Chile
and Guatemala improved their positions while those of other
countries deteriorated. Of the 18 countries in this region, 7
improved and 11 worsened over the period.

In the Middle East and North Africa only one country
improved its ranking, Egypt, by 10 places. Others in the region
had the steepest declines in the sample: Algeria and Oman
(by 20 places each) and Saudi Arabia (13).

In South Asia, India (ranked 50th) leads, followed by Pakistan,
Sri Lanka, Bangladesh and Nepal. Only Sri Lanka and
Bangladesh improved their rankings, and only slightly.

In Sub-Saharan Africa the leader by far is South Africa (at
39th), followed by Zimbabwe and Mauritius (at 51st and

56th),3 both with large declines. Most other African countries
congregate at the bottom. Of the 16 Sub-Saharan African
countries, only Kenya improved its rank. Of the 20 lowest
ranking countries, 12 are in Sub-Saharan Africa.

Least developed countries

Not surprisingly, the 12 least developed countries in the sam-
ple are near the bottom of the world rankings, along with
Algeria (which suffered a massive deterioration in perform-
ance over the period) and three other African countries,
Cameroon, Nigeria and Ghana.

Among the least developed countries Bangladesh and Nepal
had stable rankings over the period (because of a rise in their
CIP index values; table 3.3). But for most other countries the
picture is less sanguine. Senegal recorded a large fall (one of
the largest in the sample), as did Madagascar, the United
Republic of Tanzania and Zambia. Since the sample coverage
differs between 1985 and 1998, the changes reflect both
shifts in relative industrial performance and the entry of new
countries. Bangladesh and Nepal maintained their ranks
because of an upgrading of the technological structure of
their exports, while Senegal lost rank largely because of a
downgrading of its export structure.

Basic indicators of industrial perlormance-
a useful source of information

Analysis of country rankings for each basic indicator in the CIP
index provides useful information. As each new indicator is
added to the base-per capita MVA-the position of a coun-
try shifts. The ranks at each stage illustrate different aspects

Overall rank
59
68
70
73
74
77
78
79
80

1985
Economy
Senegal
Zambia
Tanzania, United Republic of
Madagascar
Bangladesh
Central African Republic
Malawi
Nepal
Uganda

CIP value
0.023
0.010
0,009
0.008
0.008
0.003
0.003
0.001
0.001

Overall rank
72
73
76
77
79
80
81
82
83
84
85
87

1998
Economy
Mozambique
Bangladesh
Senegal
Zambia
Nepal
Tanzania, United Republic of
Malawi
Madagascar
Central African Republic
Uganda
Yemen
Ethiopia

CIP value
0.013
0.011
0.008
0.007
0,006
0,005
0.003
0.003
0.003
0.003
0,001
0.000

Source: Annex tables A3.1 and A3,2.

Note: The 1985 sample is smaller than the 1998 sample because no 1985 data are available for Mozambique, Yemen and Ethiopia,
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of competitive industrial performance, as examples from the
1998 index show.

Take the largest industrialized economy (by total value of
production and exports), the United States. It ranks seventh
in per capita MVA, below Switzerland and Japan-and below
even Ireland and Singapore (the use of population to nor-
malize indicators works against large countries but remains
a good way to adjust for country size). When per capita
exports are added, the United States falls to 13th, reflecting
the stronger pull of its domestic market relative to that of
other highly industrialized competitors. But its rank improves
when the indicators of complexity of MVA and exports are
added, showing its relative technological strength. In con-
trast, New Zealand loses rank significantly: while it ranks 21 st
in MVA per capita, it ends up 31 st, mainly because its man-
ufactured exports are far less technology intensive than its
production.

Now consider some developing countries. Singapore starts at
fourth but rises to first place because of its high exports per
capita and large shares of high-tech products in production
and exports. The Philippines experiences more volatility in its
position: it starts at 60th in MVA per capita and ends up at
25th in the composite index because of the large share of high-
tech products in its exports (the second largest share in the
world, after Japan's). Similarly, China starts at 55th and fin-
ishes at 37th, again mainly because of the technology inten-
sity of its manufactured exports. Zimbabwe shows a
comparable pattern, rising from 69th to 51s1.Chile provides a
counterexample. Its final rank (47th) is 10 places lower than
its starting rank because its manufactured exports are far less
technologically sophisticated than its MVA, pulling it down by
11 places.

So, rankings by the basic indicators in the CIP index can pro-
vide interesting insights into comparative national perform-

ance. The main cause of variation in ranks is the technologi-
cal structure of exports. When this variable is introduced, the
ranks of 16 countries change by 10 or more places, with seven
improving and nine worsening. Adding the other two vari-
ables causes far smaller shifts in ranks. The countries whose
positions improved the most with the addition of the export
structure variable are the Philippines, India, Zimbabwe, China
and Kenya. Several of these (India, Zimbabwe and Kenya) do
not have particularly technology-intensive exports-they
move up the scale because their exports are more complex
than those of other countries near them in the rankings.
Those whose positions deteriorated the most with the export
structure variable are Mauritius, Jamaica, Bahrain and Saudi
Arabia, followed closely by Chile, Peru and Algeria.

Adding the technological structure of MVA or exports had lit-
tle effect on the comparative industrial performance of the
least developed countries as a group: these countries con-
gregate near the bottom of the ranking even if only MVA per
capita is used as the index (annex tables A3.1 and A3.2).
Including these variables has some effects on individual coun-
tries, of course, but the variables are not biased against least
developed countries. For example, adding the export struc-
ture to MVA and exports per capita leads to a significant dete-
rioration in the ranks of Senegal and Yemen in 1998, but to
a significant improvement for Mozambique, Nepal and the
United Republic of Tanzania.

The four components of the CIPindex are highly correlated with
one another. The strongest correlation is between MVA per
capita and the technological structure of MVA: the higher the
level of industrialization, the more complex is the structure of
production (table 3.4). Similarly, the higher the level of exports
per capita, the more sophisticated isthe MVA structure, and the
higher the level of industrialization, the larger are per capita
exports. The weakest (though still statistically significant) corre-
lation is between export intensity and export structure.

Component
MVA per capita
Manufactured exports per capita
Share of medium- and high-tech activities in MVA
Share of medium- and high-tech products
in manufactured exports

Source: UNIDO Scoreboard database (see technical annex).
** Significant at the 1 percent level.

MVA
per capita

1.000
0.717**
0.968**

0.732**

Manufactured
exports

per capita

1.000
0.752**

0.574**

Share of medium-
and high-tech

activities in MVA

1.000

0.719**

Share of medium-
and high-tech
products in

manufactured exports

1.000
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Winners and losers in CIP ranks

Which economies experienced exceptionally large shifts in CIP
ranks between 1985 and 1998? Six "winners" gained 10 or
more places, and 12 "losers" lost 10 or more (figure 3.2). The
main reasons for this volatility are shifts in relative MVA per
capita and in the complexity of MVA and exports. Underlying
factors may include political turmoil, natural disasters or
declining terms of trade. Since many of these are external to
industry, they are not germane to the general analytical and
policy discussion here.

For this report the most important factor-one that can lead
to great volatility in rankings and is more relevant for analysis
and policy-is rapid upgrading of technological structures. For
all the winners except Egypt (where MVA rose rapidly), the
entry into high-tech integrated global production systems has
been the most dynamic new element in industry. That is not
to say that this strategy is the only way to upgrade technology
in developing countries. In fact, it may not even be the best
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and most sustainable way: it introduces new production tech-
nologies and raises exports, but it may not develop or deepen
local capabilities if the country fails to move beyond final
assembly of high-tech products. Latecomers that have man-
aged to build genuine technological capabilities in complex
activities have generally done it through a slower, costlier and
riskier process of advancing from assembly to real manufac-
turing, and from there to local design and development. They
have done much of this without investment by transnational
corporations-even restricting foreign entry to encourage the
development of deeper capabilities in local enterprises.

CC~I11l~'le~IJ"Din)~ «:@I11lin)'leIJ"D~~ 'le@ @D~«:~IJ"in)
~~'le'le~IJ"in)~ Din) Din)@I11l~'leIJ"D~~ ~~IJ"'l?@IJ"[j'jj'j)~[!j)«:~

One useful way to analyze competitive industrial performance
is through cluster analysis (for details see the technical annex).
The technique allows the number of clusters to be specified in
advance.

Industrial performance over time

Cluster analysis is first used here to group countries based on
similarities in the behaviour of three variables: the CIP index
values in 1985 and 1998 and the change in the index value
between those two years. The analysis captures how coun-
tries cluster according to the level of industrial performance
and the change in that performance. The analysis is con-
ducted separately for industrialized and transition economies
and for developing economies.

For industrialized and transition economies four clusters were
chosen, covering the 25 countries with data for both 1985 and
1998. The first cluster has only one country, Ireland (table 3.5).
Ireland stands out in the group because of its high CIP index
value in 1998 and the large change in this value since 1985-
no other economy has a similar combination. In the second
cluster are the industrial giants, Japan, Germany and the
United States, and two smaller highly industrialized countries,
Sweden and Switzerland. These countries have a high and rel-
atively stable average CIPindex value in both years (though the
value showed a small decline from 1985 to 1998). In the third
cluster are most other Western European countries along with
Canada and Israel; these have a lower average CIP index value
In both years (but the value rose slightly). In the fourth cluster
are the weaker industrialized economies in Europe (Greece
and Portugal), all the transition economies for which there are
data for both years and Australia and New Zealand. This clus-
ter has even lower CIP index values but a slightly larger
increase between 1985 and 1998.
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Cluster 4
0.17
0.14
Australia
Greece
Hungary
New Zealand
Poland
Portugal
Romania

Cluster 3
0.42
0.41
Austria
Belgium
Canada
Denmark
Finland
France
Israel
Italy
Netherlands
Norway
Spain
United Kingdom

Cluster 1
0.74
0.38
Ireland

CIP 1998 (mean value)
CIP 1985 (mean value)

Cluster 2
0.64
0.68
Germany

______________________ --:::Ja:£P"'a'7-n
Sweden

----------------------~Sw.:.:.::-itzc::::erland
-----------------------"'U'-'-n.:,:ite::.::d States------------------------"--"-'-'-

Source: See technical annex.

Note: The table excludes Albania, the Czech Republic, the Russian Federation and Slovenia, for which no 1985 data are available.

Now let us look at the results of a cluster analysis for devel-
oping economies (table 3.6). Fiveclusters are specified to take
account of the larger number of economies in this group (52).
Interestingly, the two smaller Tiger economies in East Asia,
Hong Kong SARand Singapore, each form an individual clus-
ter. Each has a performance that is quite different from that
of the rest of the developing world and from that of each
other. Singapore has the highest CIP index value of all the
clusters in both years, and the value rises over time. The
Republic of Korea and Taiwan Province of China form another
cluster, with moderately high and rising CIP index values.

Asia (Malaysia, the Philippines and Thailand) and one in Latin
America and the Caribbean (Costa Rica). There is also an out-
lier, Bahrain. The fifth cluster contains the remaining coun-
tries, with very low and stable CIP index values. These
countries have weak or stagnant industrial and export values
and structures. India falls into this group despite its large
industrial sector.

Evolution of industrial and export structures

The fourth cluster includes 11 countries, with low to medium
CIP index values.4 This group includes several major industri-
alizing economies (Argentina, Brazil, China, Mexico, South
Africa and Turkey) as well as the fast-growing new Tigers in

Cluster analysis can also spotlight differences in the evolution
of countries' industrial and export structures-that is, in the
shift of their MVA and export structures up the technological
scale. First consider four clusters for the industrialized and
transition economies (figure 3.3):

CIP 1998 (mean value)
CIP 1985 (mean value)

Cluster 1
0.88
0.59
Singapore

Cluster 2
0.39
0.27
Korea, Republic of
Taiwan Province of China

Cluster 3
0.20
0.32
Hong Kong SAR

Cluster 4
0.16
0.09
Argentina
Bahrain
Brazil
China
Costa Rica
Malaysia
Mexico
Philippines
South Africa
Thailand
Turkey

Cluster 5
0.03
0.03
Other developing countries

Source: See technical annex.

Note: The table excludes Ethiopia and Yemen, for which no 1985 data are available.
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o The leading cluster (Germany, Japan, Sweden,
Switzerland, the United States), which has the highest
MVA per capita and the most technology-intensive pro-
duction and exports, had a significant rise in MVA per
capita and some improvement in the technological struc-
ture of both MVA and exports between 1985 and 1998.

o The second cluster, with Belgium, Ireland and the
Netherlands, had a rapid rise in MVA per capita and a
rapid upgrading of industrial and export structures.

o The third cluster, with eight mature industrialized coun-
tries, resembles the first cluster but has a smaller average
MVA per capita.

o The last cluster had the lowest average MVA per capita
and the least technology-intensive MVA and exports in
1998. But it also had a rapid improvement in the techno-

logical composition of exports (and a somewhat less rapid
one for MVA).

Now consider the developing economies, with seven clusters
(figure 3.4):

o Singapore and Hong Kong SAR again form clusters of
their own, with strong differences in rates of upgrading
and growth. Singapore showed rapid improvement in
MVA per capita and technological sophistication, while
Hong Kong SARshowed practically no change in MVA per
capita and export structure, though it had some improve-
ment in MVA structure.

o The Republic of Korea, Malaysia and Taiwan Province of
China form a dynamic cluster, with high rates of growth
in MVA per capita and rapid rises in the technological
complexity of production and exports.

Figure3.3 ~~cro~~cro~[I:iJ~&1JiX!]~~'iJ~'iJ~
---------------------.---- ..- ..----- ----- - - -.......•- ---- ..-.-- ---- ._.- -- -o Average MVA per capita, 1985

• Average MVA per capita, 1998
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o Another dynamic cluster has two new Asian Tigers, the
Philippines and Thailand, along with Argentina, Costa
Rica, Mexico and Turkey.

widely dispersed developing countries are-and how they are
diverging rather than converging.

o The next cluster contains three industrial giants in the
developing world, Brazil, China and India, along with
Saudi Arabia and South Africa. With medium to low MVA
per capita, these countries are upgrading their export
structures but less so their industrial structures.5

o The last two clusters, with 43 countries, have much lower
MVA per capita and, on average, negligible upgrading of
MVA and export structures. These are the laggards.

Enterprises are much more successful at exporting from some
countries than from others. A large literature explores the role
of trade and industrial policies in export success. Rather than
add to this literature, here the intention is to focus on aspects
on which the CIP index throws some light.

The results of cluster analysis clearly illustrate patterns of
industrial performance. But the technique glosses over
national differences in particular aspects of performance.
More detailed analysis is called for in making specific country
comparisons. What this analysis does show, however, is how

The identities of the leading and lagging exporters in 1998-
as assessed by manufactured exports as a share of MVA and
medium- and high-tech exports as a share of medium- and
high-tech MVA-suggest an interplay of several factors in
explaining export performance (table 3.7). The main factors
are the size of the domestic economy, competitive capabili-
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ties, the nature of the trade regime and the intensity of par-
ticipation in integrated global production systems.

There are several large industrialized economies in the group
with low export propensities. Since all these countries have
o'pen trade and investment regimes, the main explanation
must be the size of the domestic market: large economies
have an inherent propensity to export less relative to produc-
tion than do small economies.6 For Japan and the United
States, countries with open regimes and strong technological
capabilities, market size is clearly the main explanation of the
low export propensities (in absolute terms, these are among
the world's leading exporters). For other industrialized coun-
tries other factors may also matter. For example, the low
export ratio for Australia, a medium-size economy, may
reflect competitive weaknesses in industry.

Size also matters in the developing world, but trade policies
and capabilities probably playa larger role. Thus weak export
performance in large countries, such as India, reflects not just
the large market size but also the legacy of strong inward-
looking policies, the small presence of transnational corpo-
rations and competitive weaknesses in manufacturing. Brazil
has a relatively open economy and a large presence of
transnational corporations. Nevertheless, it had a weak
showing, perhaps because transnational corporations do lit-
tle high-tech exporting and local enterprises (apart from
obvious exceptions like the aircraft producer Embraer) lack
strong competitive capabilities.? As the data on Brazil's
export structure show, high-tech products playa surprisingly

I Table).7 ~ffiliI~~'iJ~

small role in the developing world's second largest industrial
power.

Now consider export performance in medium- and high-tech
products. In the top 15 performers foreign direct investment
clearly plays an important role. Most of the highly export-ori-
ented countries have a strong presence of transnational cor-
porations. This feature is combined with strong domestic
technological capabilities in some countries (Belgium, the
Netherlands, Singapore) and with modest domestic techno-
logical capabilities in others (Costa Rica, Malaysia, the
Philippines). The strong showing by this second group shows
that it is possible for newcomers without a technological base
to upgrade their industrial structure and performance by
leveraging participation in integrated global production sys-
tems. Even in relatively large economies, such as Mexico, such
participation can offset the pull of the home market.

China, despite its size, does not appear among the bottom 15
for medium- and high-tech exports as it does for total manu-
factured exports. Its medium- and high-tech sector is appar-
ently far more competitive than the rest of its manufacturing.
In China, as in Mexico, foreign enterprises in special export
zones contribute a significant share of medium- and high-
tech exports. Chile is among the laggards in technology-
intensive exports despite its open (and fairly small) economy,
strong presence of transnational corporations and high skill
levels. Its weak performance reflects in part its comparative
advantage in resource-based activities, but also in part its
inability to enter global production systems.

Medium- and high-tech exports as a percentage of
medium- and high-tech MVAManufactured exports as a percentage of total MVA

Top 15 exporters Bottom 15 exporters
Economy Value Economy Value
Singapore 529.5 RussianFederation 54.0
Belgium 338.5 Turkey 51.9
Malaysia 371.4 Morocco 51.0
Hong Kong SAR 245.2 China 47.2
Netherlands 225.0 Australia 46.3
Ireland 222.3 Uruguay 41.9
Hungary 213.0 Japan 41.4
Philippines 197.2 India 40.5
Mauritius 187.0 United States 38.4
Costa Rica 174.4 Colombia 32.3
Czech Republic 159.2 Argentina 26.5
Sweden 158.6 Brazil 25.7
Canada 154.3 Ecuador 22.0
Taiwan Province of China 144.2 Peru 15.5
Denmark 143.4 Egypt 11.2

Top 15 exporters
Economy Value
Singapore 566.4
Philippines 524.1
Costa Rica 478.5
Czech Republic 462.6
Hungary 445.7
Belgium 385.9
Malaysia 382.5
Mexico 380.4
Hong Kong SAR 296.4
Netherlands 291.7
Poland 232.7
Portugal 221 .4
Slovenia 191.3
Austria 186.4
Thailand 179.8

Bottom 15 exporters
Economy Value
Romania 66.6
RussianFederation 65.9
South Africa 65.8
Greece 63.4
Japan 56.5
Venezuela 47.7
New Zealand 43.4
United States 39.3
Turkey 38.5
Argentina 38.1
Brazil 35.4
Colombia 31.4
Chile 28.5
Australia 23.7
India 23.5

Source: UNIDO Scoreboard database (see technical annex).

Note: The values can be well over 100 because the numerator (exports) is in terms of total value while the denominator (manufacturing value added, or MVA) is only the value

added. The table includes only economies with manufactured exports of more than $1 billion in 1998.
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Does the technological structure of a country's exports affect
the growth of that country's manufactured exports?
Econometric analysis suggests that it does. The analysis, cov-
ering the 80 countries for which data are available for both
1985 and 1998, regressed the annual growth of manufac-
tured exports on two measures of structure: the technologi-
cal composition in the base year and the change in structure
over time. The first measure is the share of medium- and high-
tech products in each country's manufactured exports in
1985. The second is the share of medium- and high-tech
exports in 1998 minus the share in 1985.

The initial technological structure captures the relative per-
formance of countries in the dynamic segments of trade,
while changes in the technological structure capture the
effects of technological upgrading. Countries with advanced
initial structures are expected to have slower upgrading.

The sample was divided into two groups: large exporters, with
manufactured exports exceeding $1 billion in 1985 (46 coun-
tries), and others (34). This sorting differentiates countries by
level of industrial development, based on the premise that the
technological structures of large exporters will differ signifi-
cantly from those of small exporters and have different effects
on performance in exports. The means of the variables for the
two groups support this premise. The average share of
medium- and high-tech products for large exporters in 1985
was eight times that for small exporters. Both groups
upgraded the technological structure of their exports over
time, but the change for large exporters was smaller.

The regression results suggest that the initial technological
structure and subsequent changes affect export growth in the
expected direction for large as well as small exporters (annex
table A3.3). The equations explain performance better for the
large exporters because technological factors are more impor-
tant for the export performance of relatively advanced
economies. But the technological structure of exports also
matters for small exporters-more so, in fact, than do
improvements in the structure. For large exporters, by con-
trast, changes over time are more important than the initial
technological structure. Even though these exporters are tech-
nologically sophisticated in the initial period-and thus well
positioned to benefit from the rapid growth of technology-
intensive exports-they are able to accelerate export growth
through further technological upgrading.
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The relationship between industrial performance and environ-
mental sustainability is of growing concern to governments-
and among the main areas of activity for UNIDO. Although
calculating comprehensive national indices of environmental
performance is difficult because of data limitations, it is still
important to take this aspect of industrial development into
account. Yet little cross-country research has been done on the
links between industrialization and environmental degrada-
tion. There are several possible reasons for this. Appropriate
cross-country environmental data are scarce, and isolating the
effects of industrial activity on the environment from those of
other factors is very difficult. It is also difficult to analyze mean-
ingfully the environmental data that are available. Take indus-
trial emissions of carbon dioxide (COJ Low emission rates
could mean that a country has tackled industrial pollution
effectively or that it has low levels of industrial activity. Most
environmental indicators do not make such distinctions, so
causal connections are difficult to establish.

Source: UNIDO Scoreboard database (see technical annex) .
• Significant at the S percent level.
** Significant at the 1 percent level.

Variable
CIP1998
MVA per capita
Manufactured exports
per capita

Share of medium- and
high-tech activities in MVA

Share of medium- and
high-tech products
in manufactured exports

C02 emissions
per capita

0.655**
0.630**

0.570**

0.495**

0.530**

C02 emissions
per unit of GOP

-0.289**
-0.341**

-007

-0.228*

-0.165

One measure of environmental performance for which data are
available for all countries in the sample is CO2 emissions in
1998. An analysis was done to find the correlation between
national CO2 emissions, normalized by population and by GDP,
and the components of the CIP index for 1998 (table 3.8)8

The two measures of emissions give very different results. CO2
emissions normalized by population are positively correlated (at
a 1 percent level of significance) with all components of the CIP
index: not surprisingly, the more industrialized a country, the
higher are its emissions per capita. CO2 emissions normalized
by GDP are negatively (and mostly significantly) correlated with
the components of the CIP index. This suggests, again not sur-
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Bottom 15 by CO2 emissions
CIP CIP Per unit
rank Per capita rank of GDP
72 Mozambique 2 Switzerland
84 Uganda 84 Uganda
87 Ethiopia 7 Sweden
81 Malawi 83 Central African Republic
83 Central African Republic 30 Hong Kong SAR
79 Nepal 11 France
80 Tanzania, United Republic of 4 Japan
82 Madagascar 12 Austria
73 Bangladesh 13 Denmark
86 Ghana 43 Uruguay
62 Kenya 14 Netherlands
77 Zambia 5 Germany
69 Sri Lanka 79 Nepal
76 Senegal 33 Brazil
75 Cameroon 17 Italy

Top 15 by CO2 emissions
C1P Per unit
rank of GDP
44 Russian Federation
37 China
41 Romania
78 Nigeria
51 Zimbabwe
34 Poland
42 Bahrain
50 India
24 Czech Republic
46 Venezuela
65 Jamaica
74 Algeria
39 South Africa
54 Saudi Arabia
57 Egypt

Per capita
Singapore
Bahrain
United States
Australia
Norway
Canada
Saudi Arabia
Russian Federation
Czech Republic
Germany
Belgium
Denmark
Israel
Finland
Japan

CIP
rank

1
42
6

29
21
16
54
44
24
5
9

13
20
8
4

Source: Calculations based on CO, emissions data from World Bank (2001b).

CO2 emissions, industrial (kilogram per international dollar of GOP)

Sources: UNIDO Scoreboard database (see technical annex) and World Bank (2001 b).
Note: International dollars are u.s. dollars adjusted for purchasing power parity.
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A comparison of the top and bottom 15 polluters-ranked by
CO2 emissions normalized by both population and GDP-pro-
vides some interesting detail (table 3.9). Singapore, the
United States, Germany, Belgium, Denmark, Finland and
Japan are among the largest polluters in per capita terms
because of their large industrial bases-these countries rank
among the top 20 on the CIP index. Countries with the low-
est CO2 emissions per capita, many of them in Africa and
South Asia, rank at the bottom on the CIP index. When emis-
sions are normalized by GDP, the identities of the top and bot-
tom 15 polluters change dramatically. The best industrial
performers are not among the largest polluters. Most transi-
tion economies have very high CO2 emissions relative to their
industrial base, with the Russian Federation ranking highest
on this measure. The two developing giants, China and India,
are among the 15 biggest polluters. And Switzerland is the
"cleanest" country in the world.

prisingly, that more industrialized economies are more efficient
at dealing with emissions relative to their income.

A regression of CIP index values on emissions (normalized by
GDP) shows that there is a clear negative relationship
between the two (figure 3.5). But the regression explains
only 15 percent of the variation in emissions-clearly, other
factors are also important in determining emissions (though
these cannot be investigated here). Almost all countries with
strong performance on the CIP index appear to be relatively
"clean", while the largest polluters generally score below
the average on the CIP index. As noted, transition
economies (the Russian Federation, Romania and Poland)
have particularly high emissions relative to the size of their
economies.

6
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Interestingly, a comparison with emissions in 1985 (not

shown in the figure) shows that countries that have had large

jumps in CIP ranks (China, Hungary, Malaysia and Thailand)

have also had substantial increases in CO2 emissions relative

to GDP. This suggests that rapid industrial growth can raise

the propensity to pollute, at least until some level of industrial

maturity is attained. This inverted-U-shaped relationship

between emissions and industrialization needs to be investi-

gated in detail.

1. Benchmarking has been widely used by enterprises as a tool for

evaluating performance, learning from best practices and under-

standing how best practices are achieved. In recent years government

agencies and other institutions (such as universities) have also dis-

covered its value. Benchmarking has spread beyond Europe and the

United States to the developing world, where many countries are

conducting competitiveness analyses based on benchmarking of one

another and global leaders.

2. The UNIDO Scoreboard complements existing competitiveness

indices. The best known are the World Economic Forum's current

competitiveness and growth competitiveness indices, in the Global

Competitiveness Report (http://www.weforum.org), and the

International Institute for Management Development's world com-

petitiveness scoreboard, in the World Competitiveness Yearbook

(http://wwvv.imd.ch/wcy/wcy.cfm). (For an analysis of these indices

see Lall 2001 b.) While the UNIDO Scoreboard focuses on manufac-

turing and a small number of structural variables, other indices use

large numbers of variables and rely heavily on qualitative responses.

Moreover, the UNIDO Scoreboard is modular, making it possible to

easily add new variables.

3. Mauritius's export profile dominated by garments, while the (lP

index emphasizes only medium- and high-tech activities.

4. Because the cluster analysis uses CIP scores rather than ranks,

some countries appear to be wrongly placed. While Argentina and

Brazil lost rank over time, they are clustered in a group with rising

performance scores on average. Both these countries in fact raised

their CIP scores-Argentina from 0.122 to 0.140 and Brazil from

0.140 to 0.149-but fell in the rankings because other countries

improved their scores faster.

5. All countries in a cluster need not perform equally well in all aspects.

China upgraded its export structure relatively rapidly in comparison with

the others in its group, but had similar MVA and exports per capita.

6. There is a presumption that large economies, because they allow

domestic economies of scale and scope, will tend to have deeper

industrial sectors (with more medium- and high-tech production) and

a larger share of technology-intensive exports. The sample data sug-

gest that this presumption is true. The size of the economy (GDP) is

correlated positively (and significantly at the 1 percent level) with the

share of medium- and high-tech products in MVA (0.39) and exports

(0.44) for the sample (coefficients are shown here for 1998, but those

for 1985 are similar). The correlations are stronger for developing

than for industrialized countries. But size has a stronger correlation

with MVA structure (0.60) in developing countries than with export

structure (0.49). Size has no statistical correlation with the growth of

MVA or exports in industrialized countries, but it has a positive cor-

relation with the growth of exports (but not MVA) in developing

countries.

7. Brazil had a weak showing despite the growth of automobile

exports by transnational corporations; clearly the amounts are insuf-

ficient to offset low export activity in other industries.

8. Manufacturing value added was also used to normalize emissions.

The results were essentially the same as those for GDP.
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TI
NDUSTRIAL PERFORMANCE IS THE OUTCOME OF MANY SOCIAL,

political and economic factors interacting in complex and
dynamic ways. These interactions are often specific to

each country, reflecting its history, culture, legal system, legal
and institutional framework, social capital, political and social
conditions and ways of doing business. Industrial perform-
ance also reflects macroeconomic policies as well as policies
relating to technology and education. These factors need not
be only national: the outside world can strongly affect indus-
trial activity and performance. With globalization, the role of
external factors and rules is growing rapidly.

It is not possible to benchmark countries on all these factors.
The purpose here is more modest: to benchmark countries on
their key structural variables-referred to here as drivers-
using available data. The drivers chosen for benchmarking are
skills, local technological effort (research and development or
R&D), foreign direct investment, licensing payments abroad
(royalties) and physical infrastructure.1 As in chapter 2, the
objective is not a full econometric explanation of the deter-
minants of industrial performance, but a useful positioning of
countries with respect to important structural variables to
help policymakers.

Benchmarking countries, even by a few structural variables,
raises difficulties. There are problems relating to the avail-
ability and definitions of variables, discussed in chapter 3.
There may also be problems relating to the complementarity
of the variables. Benchmarking implicitly assumes that each
driver of industrial performance complements the others for
the entire sample. For example, it takes for granted that
higher skills, R&D and inward foreign direct investment all
work towards improving industrial performance. While this
might seem plausible, it is easy to think of exceptions.

For example, domestic R&D and foreign direct investment may
complement each other in some countries but compete in oth-
ers. Foreign direct investment is effective in transferring and
deploying production technology in host countries, but it may
be less so in building or transferring deeper innovative capa-
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bilities. It is often uneconomical for transnational corporations
to set up R&D facilities and build appropriate technological
capabilities in host countries-even in those with the indus-
trial sophistication that makes such efforts feasible. That iswhy
Japan, the Republic of Korea and Taiwan Province of China,
with strong technological ambitions, restricted foreign direct
investment at critical stages of industrialization, when they
sought to develop local innovative capabilities. They forced
domestic enterprises to license or copy foreign technologies
and invest in the capabilities to absorb and improve on them2

For many developing countries, however, there is no real
conflict between domestic R&D and foreign direct invest-
ment. Domestic R&D (formal domestic R&D spending by pro-
ductive enterprises) is generally low or negligible, so foreign
direct investment is often one of the best ways of gaining
access to new technologies, information and skills. Nor is
there a conflict between R&D and foreign direct investment
for industrialized countries: strong local capabilities attract
R&D by transnational corporations and benefit from it.

It is for newly industrializing economies, in the middle, that
there are possible non-complementarities. Even here the
conflict is real only for countries with the skills and incentives
to build genuine R&D capabilities by restricting foreign direct
investment. Many countries that pursued this strategy were
unable to build efficient innovative capabilities; instead, they
simply suffered from growing technological gaps.
Nevertheless, some did build advanced technological and
innovative capabilities by restricting foreign direct invest-
ment. For these countries, treating R&D and foreign direct
investment as complements biases the benchmarking, mak-
ing their average capabilities appear lower (because of their
relatively weak performance in foreign direct investment).
Even in these countries, however, the conflict between the
two occurs in specific phases of industrial development-and
diminishes thereafter.

Taking account of such complexities in building the benchmarks
is difficult, since there is no a priori way of distinguishing one
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set of countries or one development phase from another. The
most practical way is to proceed with benchmarking and, as
done here, take up these caveats in the analysis.

The sample economies were ranked by each driver of indus-
trial performance in both 1985 and 1998 (appendix table
A4.1; see figure 4.1 for a snapshot of industrial performance
and structural drivers by region). A few highlights of the rank-
ings are worth mentioning.

Most of the top 20 economies are industrialized, but there are
notable exceptions. The Republic of Korea led the world in
skills in both years, because of its high tertiary enrolments and
high share of technical students in the population. The
Russian Federation ranked sixth in 1998, and Taiwan Province
of China eighth. Finland moved up in the skill ranking
between 1985 and 1998, displacing the United States of
America in second place. In R&D spending per capita
Germany fell from first place to fifth, with Switzerland taking
the top slot. The leading developing economy was again the
Republic of Korea, in 13th place, followed by Singapore (in
14th place, just ahead of the United Kingdom) and Taiwan
Province of China (20th).

Singapore led the developing world (and the world as a whole)
in foreign direct investment per capita in 1998, followed by
Hong Kong Special Administrative Region (SAR) of China in
fifth place. Other developing economies among the top 20
recipients of foreign direct investment were Malaysia and
Chile; one transition economy, Hungary, also ranked among
the top 20. Singapore and Hong Kong SARranked among the
top 5 in royalties per capita, followed, in the developing world,
by Malaysia, Taiwan Province of China and the Republic of
Korea. Singapore ranked third in physical infrastructure, with
Bahrain and Hong Kong SAR also in the top 20.
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The ranking of economies by each driver of industrial per-
formance shows considerable stability over time (just as the
ranking by the competitive industrial performance, or CIP,
index does). Thus the ranking of economies by R&D spending
per capita for 1998 is highly correlated with that for 1985,
and so on3 This is not surprising: it is naturally difficult for
economies to significantly shift their relative position with
respect to structural drivers in the short to medium term.4

Even so, some countries changed their relative position sig-
nificantly between 1985 and 1998, such as Uruguay in the
skills index, Ecuador in R&D per capita and Tunisia in foreign
direct investment per capita (box 4.1).

Box4.1 ~cWffi:@~~

The analysis of industrial performance and drivers points to the fol-
lowing main messages:

• The correlation between the CIPindex and the drivers of industrial
performance is positive and significant.

• There is a surprising degree of consistency in the relationship
between the CIP index and the drivers over time.

• Most drivers are also related to each of the others, so that it makes
sense to have more of everything.

• There are many ways of combining the drivers, however, and suc-
cessful countries have used varying strategies.

• The rankings of economies by the drivers are stable over time, as
would be expected for such structural variables.

• Despite the general stability in rankings, some countries changed
their relative position significantly.

• The impact of the drivers on industrial performance also changes
over time, with foreign direct investment in particular gaining in
significance because of the rise of integrated production systems.

• While foreign direct investment remains a small share of global
investment, it plays a vital role in the industrial performance of a
growing number of countries. At the same time, it remains highly
concentrated, particularly in its deployment of sourcing for high-
tech products and components.

• Domestic technological effort, as measured by R&D financed by
productive enterprises, is the most consistent and significant of the
drivers. But this R&D variable should not be assessedin isolation:
the ability to undertake technological effort clearly depends on the
availability of skilled manpower and access to foreign technolo-
gies. The analysis shows that these are crucial factors in industrial
performance, though the importance of technology licensing
appears to be declining.

• Physicalinfrastructure isstrongly associated with industrial growth
and technology upgrading, but probably as a permissive rather
than a causal factor.

• The drivers are unevenly distributed in the developing world, and
the distribution is growing more uneven. East Asia dominates in
almost every variable, while Sub-Saharan Africa is consistently the
weakest.

Each driver is positively correlated with the others, suggesting
that there are underlying structural relationships between
them and that they generally reinforce one another. Thus
greater innovative activity is related to higher technical skills,
greater foreign direct investment inflows to higher royalty
payments and so on. But the strength and significance of the
relationships between the drivers vary (table 4.1). Moreover,
such correlations do not reflect causal links, though some may
well reflect an indirect link-say, through higher incomes.
Thus richer countries tend to have more of each driver on a
per capita basis. This is why the infrastructure variable has
such high correlations with most others. That being said, it is
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I Table4.1 ~~~@]~~'iJ~
-----------------------

Driver Skills R&D Royalties
Skills 1,000
Research and development 0.537** 1.000
Royalties 0,249* 0,197 1,000
Foreign direct investment 0,380** 0,396** 0.430**
Infrastructure 0,828** 0,687** 0,295**

Source: UNIDO Scoreboard database (see technical annex),

• Significant at the 5 percent level.

•• Significant at the 1 percent level.

Foreign direct
investment

1,000
0,611 **

Infrastructure

1,000

also likely that many drivers do feed into one another, with
skills and R&D an obvious example,

Whatever the underlying mechanisms, the correlations sug-
gest that overall in the sample of economies the drivers com-
plement rather than offset one another, This supports a
general presumption that industrial development requires all
structural drivers to grow-but not necessarily in tandem at
all stages of development. It is still possible, of course, that
countries need different combinations of drivers at different
levels of industrialization, Less industrialized economies may
need more infrastructure and basic skills, for example, while
more industrialized ones need more R&D and advanced skills,

It is also possible to combine the drivers in different ways in
line with different development strategies, Recall, for exam-
ple, the tradeoff between deepening technology through
domestic R&D and importing readymade technology through
foreign direct investment. Countries have responded in dif-
ferent ways to this tradeoff, Some, like the Republic of Korea,
restricted inward foreign direct investment and promoted
domestic R&D, Others, like Ireland and Singapore, have tar-
geted high-tech foreign direct investment and used policies
to increase innovative activity by transnational corporations,
Still others-the majority-have had no explicit technology
strategies for R&D or foreign direct investment, leaving tech-
nology upgrading to market forces,

Aggregate analysis of this type cannot capture differences
across particular industries and countries in the patterns of
competitiveness and globalization, Each industrial activity in
a country may perform at a different level, and each certainly
faces different technological and competitive conditions, The
organization of global value chains differs significantly, with
different structures and agents dominating and coordinating
activity, Each industrial activity needs different drivers and
institutions, Policy has to be based on these specifics; the
broad benchmarks in the Scoreboard provide only the start-
ing point. 5
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The drivers of industrial performance tend to grow together
as countries develop and their industrial sectors mature, But
countries can combine the drivers in different ways: recent
economic history reveals that there is no single road to indus-
trial success, The differences in strategy reflect many factors
that cannot be explored here-market size, geographic loca-
tion, natural resources, external pressures, political economy
and history, initial base of skills and capabilities and so on,
Even so, it is instructive to illustrate the main differences in
strategies for building industrial drivers, Cluster analysis can
again be used to do this (see the technical annex on the
technique),

Skills, R&D and infrastructure

The cluster analysis looks first at the three domestic capabil-
ity drivers-skills, R&D and infrastructure, For this exercise
R&D spending is normalized by GNP to capture national dif-
ferences in the allocation of resources to technological effort.
The skill and infrastructure drivers are measured by compos-
ite indices so that each economy's position reflects its relative
rank rather than an absolute value for the driver. Consider
these highlights of the results for developing economies (fig-
ure 4,2):

o Each of the four mature Asian Tigers forms a cluster of its
own, showing significant differences from one another
and from the rest of the developing economies, While all
four raised their R&D effort between 1985 and 1998,
Hong Kong SAR lags behind the other three-its strategy
is clearly to use technologies developed elsewhere rather
than to invent new technologies locally. Hong Kong SAR
also lags behind the other three in skills, but has relatively
strong physical infrastructure, The Republic of Korea leads
strongly in both skills and R&D, though its relative skill
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Source: UNIDO Scoreboard database (see technical annex).
Note: Where bubbles have no value, R&D spending was negligible. The infrastructure index is an average of the standardized scores for traditional infrastructure (commercial energy use)
and modern infrastructure (telephone mainlines). The skills index is an average of the scores for the Harbison-Myers index (see chapter 2) and tertiary technical enrolments.

intensity declined slightly over time. Singapore leads in
physical infrastructure. Taiwan Province of China
improved its position for all three drivers, but lags behind
the Republic of Korea in each one.

o The next two developing country clusters, well below the
Asian Tigers in each of these drivers, are about equal in
infrastructure and R&D effort but one has significantly
higher skill levels than the other. But this cluster-com-
prising Argentina, Chile, Mexico, the Philippines and oth-
ers-also had a relative decline in skills, though its
infrastructure index improved over the period.

o The bottom cluster, with 26 countries (including all the least
developed countries) isweak in all three drivers, with minus-
cule R&D spending, low skills and poor infrastructure.

The findings for industrialized and transition economies show
a similar variation in performance (figure 4.3):

o All the clusters had rising R&D spending except for that
comprising the three transition economies (Hungary,
Poland and Romania) and Portugal. The decline in R&D
spending in transition economies, possibly a temporary
response to liberalization, may reverse itself in time.

o The two clusters with the largest R&D efforts comprise the
major industrialized countries-Japan, Germany and the
United States-along with Finland, Sweden and
Switzerland. The group with the United States and the two
Scandinavian countries had the largest average R&D effort
of all the industrialized countries in 1998. Both clusters show
small relative declines in the skills and infrastructure indices.
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o The third group (including the Benelux countries, Canada,
France, Israel and the United Kingdom) has a lower aver-
age R&D effort but improved in all three drivers.

o A fourth cluster with low R&D (including Australia, Ireland
and Italy) has even lower average levels of R&D but reg-
istered a significant rise in relative skill levels.

Technological effort and inventiveness

Now consider a composite index of technological effort and
inventiveness based on two indicators, R&D financed by pro-
ductive enterprises and patents taken out internationally (in
this case in the United States)6 The index is the average of
the two variables, which have been standardized, with equal
weight assigned to both. The value of the composite index
ranges from zero to one.

As expected, there is a strong and significant correlation
between the input measure, R&D effort, and the output meas-
ure, patents (reflected in a coefficient of 0.85). But the two
measures yield somewhat different rankings of economies (see
annex table A4.1 and table 4.2). For example, Hong Kong SAR
ranks low in R&D spending (40th) but high in patents (16th),
as does Taiwan Province of China (20th and 4th). By contrast,
Brazil ranks 27th in R&D spending and 42nd in patents, while
China ranks 44th and 56th. The variations may be due to sev-
eral factors, such as foreign companies' affiliates patenting
technology based on R&D elsewhere, differences in the qual-
ity or orientation of R&D and differences in the propensity to
take out international patents. Without more detailed country
analysis, deciphering the underlying forces is difficult.7

The 59 economies with positive values for the index of tech-
nological effort and inventiveness can be divided into three
groups by performance: high, moderate and low (figure 4.4):
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Rank
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

Economy
United States
Japan
Switzerland
Taiwan Province of China
Sweden
Israel
Germany
Finland
Canada
Denmark
Netherlands
Belgium
Korea, Republic of
France
United Kingdom
Hong Kong SAR
Austria
Norway
Australia
Singapore
New Zealand
Italy
Ireland
Slovenia
Spain
Hungary
South Africa
Malaysia
Greece
Bahrain
Venezuela
Russian Federation
Argentina
Chile
Uruguay
Portugal
Mexico
Czech Republic
Saudi Arabia
Ecuador
Costa Rica
Brazil
Jordan
Poland
Jamaica
Philippines
Thailand
Guatemala
Colombia
Honduras
Bolivia
Tunisia
Sri Lanka
India
Morocco
China
Turkey
Indonesia
Peru

Patents per 1.000 people
3.297
2.412
1.884
1.622
1.421
1.275
1.134
1.118
1.090
1.005
0.817
0.699
0.657
0.650
0.601
0.540
0.511
0.490
0.402
0.386
0.356
0.305
0.200
0.076
0.072
0.045
0.030
0.017
0.016
0.016
0.013
0.012
0.011
0.011
0.009
0.009
0.009
0.008
0.006
0.006
0.006
0.005
0.004
0.004
0.004
0.003
0.002
0.002
0.002
0.002
0.001
0.001
0.001
0.001
0.001
0.001
0.000
0.000
0.000

o Japan leads the world and the high performers, with
Switzerland and the United States close behind. This
group includes most of the industrialized countries
(exceptions include Greece, Portugal and Spain), but also
four Asian Tigers (Taiwan Province of China, the Republic
of Korea, Singapore and Hong Kong SAR).

o The moderate performers include most transition
economies and the largest Latin American economies
(Brazil, Argentina, Chile and Mexico) along with Costa
Rica, Venezuela and Uruguay. Malaysia is the only Asian
country here. South Africa, Turkey and Bahrain are also in
this group.

o The low performers include large countries with complex
industrial sectors and a high absolute value of R&D activ-
ity (China, India) and export-oriented economies with rel-
atively modest R&D activity and a high reliance on
transnational corporations (Indonesia, Thailand). They
also include countries with small industrial sectors, low
exports and little R&D activity (Panama, Jamaica, Bolivia,
Kenya)8

Strategies for enhancing industrial
performance

Turn now to the different patterns of reliance on domestic
R&D effort (financed by productive enterprises) and foreign
direct investment. Using R&D spending as a share of GNP and
foreign direct investment as a share of gross domestic invest-
ment allows a more direct assessment of national allocations
of resources between these two modes of acquiring new
technology. While both modes have resulted in greater use of
technology by the industrial sector, they may have led to dif-
ferent outcomes in performance.

Cluster analysis, with the sample economies sorted into seven
groups in 1985 and 1998, reveals interesting patterns in the
economies' relative reliance on R&D or foreign direct invest-
ment for each year and over time. The patterns for 1985 show
the following (figure 4.5):

o The most successful countries-those with the highest
CIP indices-formed four clusters. Of these, the cluster
containing Germany, Japan and Switzerland had the
highest CIPscore. This group had the greatest reliance on
R&D and the least on foreign direct investment.

Source: U.S. Patent Office.

Note: In this case internationally refers to the United States.
o Singapore, which formed the second most successful

cluster on its own, had the opposite characteristics: very
low R&D spending and extremely heavy reliance on for-
eign direct investment.
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o Two other successful clusters were fairly close to each
other-one comprising Canada, Finland, the Republic of
Korea and the United States, and the other consisting of
most other industrialized countries plus Taiwan Province
of China. Both clusters had fairly high R&D spending,
higher than the average for the successful industrial per-
formers. But the first, with a higher CIP score, had a dis-
tinctly lower orientation towards foreign direct
investment, while the second struck a balance between
R&D effort and foreign direct investment.

o The rest of the developing world and several industrial-
ized countries fell into three clusters. Each had low R&D
spending but different degrees of reliance on foreign
direct investment. The best performing of these clusters
included Hong Kong SAR, Greece, New Zealand,
Portugal and Spain, along with the Philippines,
Argentina, Mexico and some other Latin American and
Caribbean countries. These economies had a moderately
high reliance on foreign direct investment, but also R&D
spending higher than the average for the low-
performing clusters.

o The next group, combining the lowest R&D spending with
high reliance on foreign direct investment, included 14
developing countries, ranging from Brazil and Malaysia to
least developed countries like the Central African
Republic and Ghana.

o The remaining 25 developing countries (and Albania)
combined very low R&D spending with similarly low for-
eign direct investment.

By 1998 there was a general shift towards greater reliance on
foreign direct investment in all groups, a clear indication of
the growing role of transnational corporations in the world
economy. In the leading economies there was also a greater
propensity to invest in R&D, but this did not hold for many
developing countries lower on the industrialization ladder. For
1998 there were five successful clusters, with a composition
that was quite different (figure 4.6).

o The cluster with the highest average CIP score included
Belgium, Ireland and Singapore. In contrast with the
group that had the highest CIP index in 1985, this cluster
depended on foreign direct investment rather than R&D.
It did, however, have moderate R&D activity.

o The second cluster, very close in average CIP score to the
first, contained Germany, Japan and Switzerland (this was
the leading cluster in 1985). This group continued to rely
on domestic R&D, and their R&D spending rose as a share
of GNP. But foreign direct investment also played a larger
role in domestic investment than before.

o The third cluster included only Sweden, with high R&D
spending as well as high reliance on foreign direct

64 Industrial Development Report 2002/2003



o Average ClP index value

R&D spending as a percentage of GNP

2.0

1.5

Germany, Japan,
Switzerland 0.72

1.0

Singapore 0.58

()
ero25 developing

economies 0.03

OTaiwan Province of China,
other Industrialized
countries

Canada, Finland, \ 0.41 Argentina, Australia, Chile,
Republic of Korea, Ecuador, Greece,

United States Hong Kong SAR,
0.45 Jordan, Mexico,

New Zealand, Panama,
Peru, Philippines,
Portugal, Spain,
Uruguay, Venezuela
0.11

o

0.5

Bolivia, Brazil, Cameroon, Central African Republic, Colombia, Costa Rica,
Egypt, Ghana, Guatemala, Malaysia, Nigeria, Oman, Tunisia, Zambia

0.04
-0.5

-5 o 5 10 15 20 25
Foreign direct investment as a percentage of gross domestic investment

Source: UNIDO Scoreboard database (see technical annex).

investment. But the high level of foreign direct invest-
ment was something of an aberration: Sweden has tra-
ditionally had a very limited foreign presence, though
recent waves of foreign mergers and acquisitions have
raised the level of foreign direct investment. The under-
lying trend for Sweden is greater reliance on domestic
R&D.

o The fourth cluster with a high average CIP score included
Finland, the Republic of Korea and the United States. This
cluster was similar to the second: it had high reliance on
domestic R&D and relatively low reliance on foreign direct
investment (though slightly higher than the second
cluster' s).

o The fifth cluster contained most other industrialized coun-
tries (except New Zealand, which appeared in the sixth
cluster) with Taiwan Province of China and three transi-
tion economies. This group showed a balance between
R&D and foreign direct investment.

o The sixth cluster had a relatively high reliance on foreign
direct investment and a very weak domestic R&D effort.
It included New Zealand along with Albania, Chile, China,
Hungary, Malaysia, Poland and eight other developing
countries.

o The cluster with the weakest performance contained the
other 45 developing countries. These countries had little
domestic R&D and moderate foreign direct investment
(but foreign direct investment played a larger role in this
group than it did in the bottom group in 1985).

The cluster analyses lead to four main conclusions. First, while
the leading industrialized economies rely heavily on domestic
R&D efforts, their reliance on foreign direct investment has
increased. In most of these countries inward foreign direct
investment serves two purposes: it brings in new technology,
but it also helps transnational corporations to tap local R&D.
Technology flows strongly in both directions between these
countries as they increasingly specialize in innovation. The
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Republic of Korea had the strongest technological position
among the developing economies in both years, with a low
reliance on foreign direct investment.

Second, the strong showing by Ireland and Singapore sug-
gests that industrial latecomers can achieve an impressive per-
formance by relying heavily on foreign direct investment. This
reliance does not preclude growth of their domestic R&D
effort, though their R&D levels stilllag behind those in coun-
tries with more autonomous strategies,

Third, most developing countries continue to languish at the
bottom of the technological ladder, with no perceptible rise
in domestic R&D, Some have managed to attract fair amounts
of foreign direct investment (as a share of domestic invest-
ment), but only a few have managed to break into integrated
global production systems,

Fourth, where successful, both the strategy based on R&D and
that based on foreign direct investment involve acquiring for-
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eign technology, but in different ways, The strategy based on
domestic R&D is more autonomous and involves large invest-
ments in skills, For industrial latecomers it is also a riskier strat-
egy, because it tends to involve extensive use of industrial
policy, The strategy centred on foreign direct investment can
take countries a long way without a need for strong local R&D,
But countries that succeed with this strategy tend to raise their
investments in R&D over time, with transnational corporations
shifting some innovative functions to these countries, Relatively
few countries have managed to combine heavy dependence
on foreign direct investment with strong growth in innovative
capabilities (domestic R&D), and those that have done so relied
extensively on industrial policy (as in Ireland and Singapore),

R&D, foreign direct investment and high-
tech exports

The relationships between R&D, foreign direct investment and
high-tech exports show more clearly the differences between
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the two modes of acquiring technology. Given the importance
of high-tech exports in industrial performance, analysing the
roles of domestic R&D and inflows of technology through for-
eign direct investment separately is instructive.

The competitiveness of high-tech exporters (particularly in elec-
tronics) can be traced to domestic innovation or to participa-
tion in integrated global production systems. Comparing the
intensity of R&D and foreign direct investment in a country with
its high-tech export performance gives an indication of the rel-
ative importance of these drivers of industrial performance
(table 4.3). An analysis of R&D spending per unit of high-tech
exports and per unit of inward foreign direct investment was
conducted for all major exporters of high-tech products-those
with high-tech exports of more than $5 billion-in 19989

These 26 economies include nine developing economies-all
those in East Asia (except Indonesia) plus Mexico.

As expected, economies with high R&D spending per unit of
high-tech exports and per unit of inward foreign direct invest-
ment have a strong technological base. Those ranking high-
est on these measures, not surprisingly, are the major
industrial powers; they also generally lead in high-tech
exports (in value terms). At the bottom of the scale are devel-
oping countries, specializing in assembly and testing.

This method of distinguishing competitive strategies clearly has
some merit. The analysis leads to some interesting findings:

o Japan, which has followed an autonomous R&D-based
strategy, led the world in R&D spending per unit of high-
tech exports in 1998. In 1985, however, Germany held
this place, followed by the United States. Clearly, global
production systems have spread faster to other industri-
alized countries than to Japan. The degree to which Japan

R&D per dollar High-tech products
R&D per dollar of inward foreign as a share of

of high-tech exports direct investment High-tech exports manufactured exports
Rank" (dollars) (dollars) (billions of dollars) (percentage)

1998 1985 Economy 1998 1985 1998 1985 1998 1985 1998 1985
1 3 Japan 0.937 0.635 100.40 62.42 114.9 36.6 29.6 20.8
2 2 United States 0.622 0.686 1.75 1.68 196.9 53.3 31.0 25.8
3 1 Germany 0.368 0.816 5.01 13.09 92.7 24.3 17.1 13.2
4 6 Switzerland 0.331 0.282 1.35 2.33 18.3 4.7 23.2 17.0
5 9 Sweden 0.283 0.231 0.71 3.33 20.4 4.1 24.7 13.4
6 8 France 0.266 0.245 0.76 1.67 65.1 14.3 21.6 14.6
7 18 Korea, Republic of 0.264 0.119 5.90 3.50 36.0 3.7 27.2 12.2
8 5 Austria 0.233 0.284 0.65 2.19 7.4 1.6 12.2 9.2
9 11 Denmark 0.225 0.228 0.57 5.50 7.6 1.8 16.0 10.9
10 10 Spain 0.213 0.229 0.28 0.20 10.2 1.5 9.3 6.0
11 15 Italy 0.210 0.141 1.45 0.97 24.5 7.5 10.1 9.5
12 4 Finland 0.200 0.342 1.45 2.95 10.5 0.8 24.4 5.7
13 7 Canada 0.177 0.278 0.52 0.98 23.8 6.2 11.1 7.1
14 19 Belgium 0.159 0.105 0.26 0.20 17.4 3.5 9.7 6.4
15 13 United Kingdom 0.134 0.167 0.49 0.72 76.3 17.9 28.2 17.6

16 12 Israel 0.113 0.211 0.67 2.76 6.6 1.1 28.3 17.0
17 14 Netherlands 0.098 0.164 0.34 0.78 40.8 6.9 24.3 10.2
18 17 Taiwan Province of China 0.068 0.131 1.50 1.37 38.6 4.7 35.0 15.4
19 26 China 0.033 0.000 003 0.00 33.5 0.3 18.2 1.2
20 21 Ireland 0.022 0.019 0.38 0.31 25.2 2.7 39.3 25.8
21 23 Singapore 0:010 0.008 0.07 0.02 62.3 4.7 56.7 20.4
22 16 Mexico 0.004 0.134 0.02 0.28 31.3 1.9 26.6 8.6
23 25 Malaysia 0.004 0.001 0.03 0.00 34.3 2.3 46.9 14.8
24 24 Hong Kong SAR 0.002 0.003 0.00 0.00 6.0 2.4 24.5 14.2
25 20 Thailand 0.001 0.043 0.01 0.03 15.6 0.2 28.3 2.4
26 22 Philippines 0.000 0.014 0.01 0.07 19.0 0.3 64.3 5.8

Source: UNIDO Scoreboard database (see technical annex).

Note: Includes only economies with high-tech exports of more than $S billion in 1998.

a. Based on R&D spending per unit of high-tech exports.
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relies on R&D rather than foreign direct investment is
strikingly illustrated by figures for R&D spending per unit
of foreign direct investment: in 1998 this figure for Japan
($100) was 20 times that for Germany ($5).
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Source: UNIDO Scoreboard database (see technical annex).
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o The Republic of Korea had the second highest R&D spend-
ing per unit of foreign direct investment, after Japan, in
1998.10 Taiwan Province of China also had relatively high
R&D spending per unit of foreign direct investment, fol-
lowed by China (though with a very low value of $0.03 in
1998).

o The United States has maintained a stable profile in both
ratios. By contrast, Germany had a sharp decline in R&D
spending per unit of both high-tech exports and foreign
direct investment, indicating its growing participation in

. global production systems. The United Kingdom, the
fourth largest high-tech exporter in 1998, had a surpris-
ingly low R&D ratio, indicating its growing importance as
a base for the operations of transnational corporations in
electronics.

o Ireland ranked lowest among industrialized countries in
R&D spending per unit of high-tech exports, bearing out
the dominant role of transnational corporations in build-
ing its competitiveness.

o Other developing countries depend heavily on transna-
tional corporations for their high-tech exports, though
Singapore has a relatively strong R&D base compared
with others in this group."

o Four developing countries increased the share of high-
tech products in their manufactured exports by 26 or
more percentage points-Singapore, Malaysia, Thailand
and the Philippines. Each is producing and selling within
integrated global production systems.

ing by transnational corporations-and in China it is also due
to R&D by local enterprises. In Singapore foreign enterprises
perform around 57 percent of the R&D in manufacturing-in
Malaysia, 50 percent.12 Ireland, the European economy with
the highest rank by reliance on foreign direct investment, also
had an increase in local R&D, again led by transnational cor-
porations. Foreign enterprises accounted for 68 percent of
Ireland's manufacturing R&D in 1996.13

A scatter diagram illustrates the relationship between R&D
spending per unit of foreign direct investment in 1985 and
1998 (figure 4.7). Economies on the line-including Hong
Kong SAR,Japan and Switzerland-had no change in rank by
R&D spending per unit of foreign direct investment. Those
above the line increased their relative reliance on R&D for the
export of high-tech manufactures, while those below it
increased their reliance on foreign direct investment.

Italy, Taiwan Province of China and the United States show the
biggest rise in ranks by dependence on domestic R&D. But
some countries ranking high in reliance on foreign direct
investment and very low in R&D in 1985-China, Malaysia and
Singapore-also had big increases. In Malaysia and Singapore
the rise in R&D ranks is due mainly to technological deepen-

Countries that rose in the ranking by reliance on foreign direct
investment over the period include Denmark, Sweden and
Israel at the high end and Mexico, the Philippines and Thailand
at the low end. Again, however, the high level of foreign direct
investment in Sweden in 1998 was something of an aberration.

These differences in strategy can be further explored with the
help of cluster analysis for R&D, foreign direct investment and
high-tech exports in 1985 and 1998 (see figures 4.8 and 4.9,
which include ail economies in the sample). The changes in
the clusters between the two years throw new light on the
strategies.

In 1985 the largest bubble was for Singapore, for which high-
tech products accounted for 20 percent of manufactured
exports. Singapore stood apart from other clusters, with very
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o High-tech products as a share of manufactured exports

R&D spending as a percentage of GNP
1.8

1.6

1.4

(\ Germany, Japan,
. ~ Switzerland 17%

1.2

1.0

Austria, Denmark,
France, Israel, Italy,
Netherlands, Sweden,
Taiwan Province of China
12%

~

Bolivia, Brazil, Cameroon,
Central African Republic,
Colombia, Costa Rica, Egypt,
Ghana, Guatemala, Malaysia,
Nigeria, Oman, Tunisia, Zambia
1%

Hong Kong SAR,
Ireland, United Kingdom,
United States 1%

Argentina, Australia, Belgium,
Chile, Ecuador, Greece, Jordan,
Mexico, New Zealand, Panama,
Peru, Philippines, Spain, Uruguay,
Venezuela 2%

2018

Singapore 20%

C~)
16141210864o 2

Canada, Finland,
Republic of Korea,

Norway 7%

o
28 developing
economies 1%

o

0.6

0.2

0.8

0.4

-0.2
-2

Foreign direct investment as a percentage of gross domestic investment

Source: UNIDO Scoreboard database (see technical annex).

high foreign direct investment and relatively low R&D.
Economies in another cluster, including Ireland, the United
Kingdom and the United States, had fairly large shares (aver-
aging 21 percent) of high-tech products in their manufactured
exports, with a balanced mix of foreign direct investment and
R&D. Germany, Japan and Switzerland (with high-tech prod-
ucts averaging 17 percent of their manufactured exports) clus-
tered together as countries highly dependent on R&D. Most
developing countries had small shares of high-tech exports
and low R&D, with differing degrees of reliance on foreign
direct investment.

By 1998 there had been a general move towards greater
reliance on foreign direct investment and larger shares of
high-tech products in manufactured exports. The cluster with
the largest share (52 percent) included Ireland, Malaysia, the
Philippines and Singapore-all highly dependent on foreign
direct investment. The economies most dependent on R&D
(including the Republic of Korea and Taiwan Province of
China) were also more reliant on foreign direct investment in

1998 than in 1985, Most developing countries, however, con-
tinued to have very small shares of high-tech products in their
manufactured exports.
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That there is a positive relationship between industrial per-
formance and its drivers is apparent from even a cursory look
at the data (see figure 4.1). Regions that do well in one tend
to do well in the other. This conclusion is borne out by the
results of statistical analyses of the relationship between
industrial performance and its drivers (box 4.2).

o Technology in the generic sense-domestic R&D as well
as access to foreign technology through foreign direct
investment and licensing-has a powerful influence on
industrial performance.
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• High-tech products as a share of manufactured exports
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o Among the drivers of industrial performance, R&D is sta-
tistically the most important, in both 1985 and 1998 and
over time. This finding highlights the need for domestic
technological effort even at low levels of industrial devel-
opment. While the causation may run in both directions
(the more industrialized countries become, the more they
invest in R&D), theory does suggest that the causation
from R&D to industrial performance is likely to be pre-
dominant. The capability building literature shows that
technological effort (formal and informal) is as critical a
driver of competitive industrial performance in develop-
ing countries as it is in industrialized countries.14

o Licensing foreign technology is also statistically signifi-
cant, but its role appears to be diminishing.

o The role of foreign direct investment, by contrast, has
grown in significance. This corresponds with the evidence
on the increasing role of integrated production systems in
the world economy, on the rising importance of technol-

ogy transfer by transnational corporations and on their
export activity as a dynamic element in the industrial com-
petitiveness of developing countries.

o The significance of skills is also increasing, again entirely in
line with the conventional wisdom on the importance of
human capital and technology for competitive industrial
performance. It is reassuring, however, to see that the sta-
tistical findings confirm this for such a broad sample.15

o Infrastructure remains important in both 1985 and 1998.

In sum, the results show that the set of structural drivers is
strongly associated with industrial performance and that the
association is broadly in the expected direction for the entire
sample. Clearly, a full exploration of cross-country differences
in industrial performance and its drivers would require a much
more ambitious effort, with many more qualitative variables,
data on many more years to capture lags and econometric
tests for feedback and simultaneity.
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Multiple regression analysis was used to explore the relationship
between industrial performance and its drivers. The dependent vari-
able was the CIP index in 1985 or 1998, and the independent vari-
ables were per capita R&D, foreign direct investment, royalty
payments and the indices for skills and infrastructure in the appro-
priate years. To control for differences arising from levels of devel-
opment not captured by other variables, a dummy variable was
added, taking the value 0 for industrialized and transition economies
and 1 for developing, countries. Regressionswere conducted sepa-
rately for the two years. Performance in 1998 was also regressed on
drivers in 1985 to capture the impact of the initial stock of drivers
on subsequent performance. (See the table for the three sets of
results.)

Results for 1985. The equation explains 93 percent of the variation in
the CIP index. R&D per capita shows up as the most important influ-
ence, followed by royalties and infrastructure. The skill variable is sig-
nificant at the 10 percent level. Foreign direct investment is not
significant and has a negative sign. The dummy variable for develop-
ing countries has a significant and negative effect. This result suggests
that with the structural drivers taken into account, being a develop-
ing country has an independent negative effect (capturing a range of
other potential factors) on industrial performance.

Results for 1998. All independent variables except the development
dummy variable are now positive and significant, explaining 88 per-
cent of the variation in the CIP index. The dummy variable for devel-
oping countries is no longer significant, suggesting that the level of
development does not affect performance. In other words, the only
significant effects arise from the drivers. R&Dis again the most impor-
tant driver, followed by royalties. Foreign direct investment isnow sig-
nificant and positive, suggesting that the contribution of transnational
corporations to industrial performance has grown over the period.
The skills index is also significant and positive, and its coefficient is
higher than in 1985, suggesting that high-level skills are becoming
increasingly important to industrial competitiveness.

Results for 1985-98. The results are broadly similar to those for 1985,
with interesting variations. Skills are far more important and
significant-the base in 1985 seemsto have a strong positive influence
on performance in 1998. R&D remains significant and important, sug-
gesting continuity and cumulativeness. Foreign direct investment is
insignificant; clearly, its positive impact grows over the period.
Infrastructure loses significance, suggesting that current patterns of
infrastructure investment are more closely related to industrial per-
formance. The dummy variable has a significant negative effect; being
a developing country in 1985 held back industrial performance in 1998.

Regression results for competitive industrial performance and its drivers. 1985 and 1998

Independent variable
Skills
Researchand development
Foreign direct investment
Royalties
Infrastructure
Development dummy variable

75 economies.
Standard
coefficient t-statistic

0.090* 1.832
0.443*** 9.300

-0.112 -1.575
0.384 * * * 5.228
0.204** 2.240

-0.203*** -3.188
Adjusted R2= 0.928

85 economiesb

Standard
coefficient t-statistic

0.130* 1.822
0.466*** 8.846
0.183*** 3.379
0.253*** 5.986
0.196** 2.018

-0.024 -0.401
Adjusted R2= 0.881

75 economies'
Standard
coefficient t-statistic

0.261 *** 2.911
0.493*** 5.270
0.074 0.651
0.342** 2.902

-0.125 -0.851
-0.299** -2.922

Adjusted R2= 0.809

Source: UNIDO Scoreboard database (see technical annex) .

• Significant at the 10 percent level.

•• Significant at the 5 percent level.

••• Significant at the 1 percent level.

Note: All statistical tests for functionality. heteroskedasticity and collinearity are satisfied. The potential problem raised by the high correlation between the drivers does not affect

the result.

a. The dependent variable is the CIP index for 1985; the independent variables refer to 1985.

b. The dependent variable is the CIP index for 1998; the independent variables refer to 1998.

c. The dependent variable is the CIP index for 1998; the independent variables refer to 1985.
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The positive relationship between performance and its drivers
holds broadly for the entire sample. Behind that overall rela-
tionship, however, lie interesting differences among coun-
tries. Some countries perform in line with their stock of
drivers; some do better than warranted by the stock; and
some do worse.

To explain these differences requires a composite index of
drivers for each country, derived by averaging the normalized

scores for the five drivers. A scatter diagram illustrates how
the sample economies are spread according to this compos-
ite index and the CIP index in 1998 (figure 4.10):

o Most economies have a balance between industrial per-
formance and its drivers.

o Industrialized countries are largely balanced at the high
end, with performance and drivers above the average for
the sample.

o Most developing economies are balanced at the low end,
with a large cluster at the bottom left.
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conditions (an obvious example is the effect on Mexico of the
North American Free Trade Agreement). The divergence may
be due to ephemeral factors, such as wars, civil unrest or nat-
ural disasters. And it could be related to measurement prob-
lems. The measures may not properly capture the underlying
structural variables. For example, the R&D measure might not
properly capture differences among countries in technological
effort, or the figures on foreign direct investment might mis-
represent participation by transnational corporations in man-
ufacturing, particularly in export-oriented activities. Or the
measures may not capture strategic differences in the use of
structural drivers. For example, economies with similar levels
of foreign direct investment might target different types of
investors-as Singapore targets high-tech transnational cor-
porations but Hong Kong SAR does not-with corresponding
effects on the structure and growth of production and exports.

A matrix that sorts developing economies into four groups-
balanced high, balanced low, overperformers and
underperformers-sheds further light on the relationship
between performance and its drivers (table 4.4). Balanced
economies are those in which industrial performance is con-
sistent with their composite index of drivers-with both at the
high or low end. Overperformers have an industrial perform-
ance higher than expected given their drivers (based on the
average for the entire sample)-and underperformers an
industrial performance lower than expected.

. 0
Singapore

Switzerland
Japan ~ Ireland
oGermanyo

0.8

0.9

1.0

0.5

0.7

0.6

04

IAverage value for composite
I index of drivers

I
I
I
I
I
I United United
I K'ngd States10m] ° °Sweden

Taiwan I BelgiumO Finland
Province I Austria Ö 0 France
of China I ° O---Denmark

I Italyo 0 8=:t=NetheriandS
Malaysia I 0---, -Canada

I ~HUngary0 Spain L- Republic of Korea
0.3 0 I 0 Israel 0 Norway

MexIco Portugal.- Hong Kong SAR
PhllipplnesO 0 d o Australla

02 Thailand I ISloveniaO New Zealand
BraZiI~CL ~b- O~Greece- Av-;r;geCIPi~e-;v-;I';

o 1 G:.Ö I '6 BahrainD:j;)0 :9 0 RussianFederation

o II I Czech Republic
PanamaI Chile

-0.1
-0.05 0.05 0.15 0.25 0.35 0.45 0.55 0.65

Source: UNIDO Scoreboard database (seetechnical annex).
Note. The range around the central diagonal. given by the standard devlallOn of the
sample mean, is the "normal" range within which an economy's industrial
performance is in balance with its drivers. Economies above the top diagonal line
perform better than warranted by their composite index of drivers (stock of drivers),
those below the lower diagonal line worse. The average values for the indices are
derived for the entire sample of economies.

o Four developing economies have above-average per-
formance and drivers-the mature Asian Tigers, which
earlier analysis also showed to be outliers in the develop-
ing world.

o Some developing countries have above-average CIP
indices but below-average drivers (Malaysia, Mexico, the
Philippines and Thailand).

In 1998 three-quarters of the economies in the sample were
balanced low. The four Asian Tigers were in the top left-hand
quadrant, with high performance and high average drivers (like
most mature industrialized countries), Of these, the Republic of
Korea was balanced high, while Singapore and Taiwan
Province of China were overperformers-that is, their CIP
indices were higher than the level commensurate with their
stock of drivers. Hong Kong SAR, by contrast, was an under-
performer, though it had been an overperformer in 1985.
Argentina had been in the balanced high group and Brazil
among the overperformers in 1985, but both were in the bal-
anced low group by 1998. Chile joined Hong Kong SARas an
underperformer in 1998, along with Bahrain and Panama.

o Some countries have above-average drivers but below-
average CIP indices (Bahrain, Chile, Greece and the
Russian Federation).

o Some economies lie outside the normal range, perform-
ing better or worse than warranted by their drivers.

This divergence between performance and drivers could stem
from a range of factors. It could be caused by factors not quan-
tified here, such as macroeconomic or political factors, indus-
trial policies, institutional differences or external market access

The overperformers in 1998, apart from Taiwan Province of
China, have undergone rapid export growth and technologi-
cal upgrading in recent years by plugging into global produc-
tion networks as major supply bases. The strong foreign
presence in high-tech export activity has enabled many of
them to overcome gaps in domestic industrial capabilities.
While this strategy is creditable and may offer lessons to other
countries, overperformance may also indicate vulnerability.
Take the Philippines, with a high-tech export structure that
involves little local value added and is essentially driven by low
wages. The country is, moreover, highly dependent on semi-
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Source: UNIDO Scoreboard database (see technical annex).

Note: The analysis is based on the difference between the CI? index and the compos-

ite index of the five drivers. Balanced economies have values within the range defined

by the standardized mean plus or minus its standard deviation. Overperformers have

values above that range. and underperformers values below that range. Balanced

high and low economies have values above and below the standardized mean of the

CI? index and the composite index of drivers.

conductors for much of its export growth. That dependence
makes it vulnerable to an erosion of competitiveness: rising
wages, changing technologies, failing fortunes for the semi-
conductor industry and the like can easily lead to a rapid fall-
off in performance. Thus strong performance based on weak
drivers immediately raises questions about sustainability and
signals a need to expand the base of drivers.

Some economies that have been successful in raising GDP-
such as Hong Kong SAR and Chile-are nevertheless in the
group of underperformers. Why? One reason is that the
Scoreboard deals with manufacturing rather than GDP per-
formance. The second is that the categorization is based qn the
ratio of industrial performance to drivers. An economy may rank
high in industrial performance yet still be an underperformer if
ItS CIP Index falls below the band for countries With Similar
stocks of drivers. This might occur, for example, if its drivers are
directed into non-manufacturing activities that yield relatively
high incomes without showing up in the CIP index. Such fac-
tors explain the outcomes for Hong Kong SARand Chile.

o Neighbours that share similar advantages and disadvan-
tages of location or resources. For example, India might
choose Pakistan as one benchmark because of similarities
in the costs of transport to their main markets, their com-
mon specialization in cotton-based manufactured exports
and their similar wage costs.

There are three main steps involved in using the Scoreboard
and going beyond it to formulate industrial strategy (table
4.5). The first is to identify the main comparators that provide
the benchmarks for a country. These can be of four types:

industrial performer, with large and rapidly growing exports
backed by a strong base of skills, infrastructure and foreign
direct investment. But in the past decade or so its engine of
growth has shifted to services, and much of its industrial activ-
ity has shifted to other, lower-wage countries. As a result, its
performance in the CIP index does not match its drivers (which
continue to improve): its export structure remains relatively
low tech. The share of manufacturing in GDP has declined dra-
matically, from nearly 30 percent in the 1960s to 5.7 percent
by 1999; moreover, manufacturing output stagnated or
declined in the 1990s.16 So, it is not surprising that Hong Kong
SARunderperformed in 1998 relative to its base of drivers. But
its service industry has the unique advantage of access to the
giant Chinese market, allowing respectable economic growth
despite industrial decline.

Chile is similar in some ways, but it has not undergone such
marked deindustrialization. It also has a relatively strong base
of drivers, particularly skills and foreign direct investment, in
which it ranks highest in Latin America. Unlike Hong Kong
SAR, it is a resource-rich economy, with copper accounting for
most of its traditional exports. In recent years, with govern-
ment assistance, the economy has developed other resource-
based activities for export (mainly wine, farmed fish and pulp
and paper). Chile lags in manufacturing value added (MVA)
per capita and in the technological structure of MVA and
exports-the reason that it underperforms in the Scoreboard.
Even so, Chile's manufacturing has grown at reasonable
rates-at least by Latin American (if not EastAsian) standards;
it grew by 4.6 percent a year in the 1990s (well below its GDP
growth of 6.7 percent).17 The share of manufacturing in GDP
has fallen from 21 percent in the mid-1980s to 15 percent
today.'8
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Ecuador
Panama
Jordan

Underperformers
(industrial

performance
lower than
drivers)

Bahrain
Chile
Hong Kong SAR
Panama

Argentina
Korea,

Republic of
Taiwan Province

of China
Singapore

Balanced high
(industrial

performance
and drivers
in balance)

Korea,
Republic of

Balanced low
All other developing economies

(45 in 1998 and 44 in 1985)

Overperformers
(industrial

performance
higher than

drivers)
Singapore
Taiwan Province

of China
Malaysia
Mexico
Philippines
Thailand
Brazil
Hong Kong SAR
Zimbabwe

1985

Year
1998

Hong Kong SARhas had high income and respectable rates of
growth over a long period. Some years ago it was also a strong

o Immediate competitors in industrial activities relevant to
the country. Some of these may be neighbours-others
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Some important issues
• Which comparators can provide useful information?
• For which activities are the comparators useful?
• What is a manageable number of comparators?

1.1 Identify neighbours
1.2 Identify immediate competitors
1.3 Identify potential competitors
1.4 Identify role models
2.1 Compare overall industrial performance • How has the country performed over time in global
2.2 Compare basic indicators of industrial performance or regional rankings?
2.3 Trace competitive strengths and weaknesses • Is the industrial structure suited to growth and the

with respect to different sets of comparators best use of local resources and capabilities?
• Which comparators have been more successful than

the country or vice versa? How far from or close to
selected benchmarks is the country?

• In which aspect of performance does the country
lead or lag? Does the performance of comparators
suggest cause for concern about any aspect of
performance?

• Is there a need for more detailed technical
benchmarking of particular industries, clusters or
technologies?

• What are the relative strengths and weaknesses in
the capabilities of the selected country?

• Do the general indicators capture the underlying
drivers at work? If not, how can they be refined?

• Which drivers constitute the most critical constraints
to industrial growth and competitiveness?

• Is there enough information to evaluate non-
quantifiable variables such as linkages, institutions
and governance? If not, how can more information
be obtained?

3.1 Compare individual elements of drivers
3.2 Trace competitive strengths and weaknesses

with respect to different sets of comparators
3.3 Assesswhich drivers are most important

for improved performance
3.4 Add new data and analysis as necessary

2. Benchmark performance

Step
1. Identify comparators

3. Benchmark drivers

may be located across the world. In automobiles Brazil
might compete directly with Mexico in some products and
with Europe or Asia in others, while in shoes its competi-
tor might be India or China.

ponents of performance is useful to identify where strengths
and weaknesses lie. This general benchmarking can be sup-
plemented by more detailed benchmarking at the level of
industry, technology or cluster.

o Potential competitors-countries likely to emerge as chal-
lengers in the near future. Many economies in East Asia
regard the entry of China into technology-intensive activ-
ities as a major threat.

o Role models-countries more advanced in industry and
technology and thus able to provide benchmarks to which
to aspire. Many developing countries look to the East
Asian Tigers or the new Tigers (the second wave of
export-oriented countries, such as Malaysia and Thailand)
as countries that have successfully overcome latecomer
disadvantages. Others look to mature industrialized coun-
tries for long-term benchmarks.

Once comparators have been identified, the next step is to
compare the country's industrial performance (the CIP index)
with its benchmarks. Since data on each basic component of
the index are given separately, each element can be bench-
marked and evaluated separately-breaking down the com-

The third step is to benchmark the drivers. This can be done
using the data in the Scoreboard, for the current position as
well as for changes over time. Bear in mind that some meas-
ures are aggregate and may need to be extended and refined
to draw comparisons with other countries. Even as they stand,
however, the measures allow analysis of drivers and per-
formance that can show broad areas of strength and
weakness.

But if the analysis is to lead to policies, the Scoreboard must
be supplemented by deeper analysis of the policy and regu-
latory regime, institutions, linkages and factors that could not
be taken into account in the quantitative comparisons. Many
of these can also be bench marked against selected compara-
tors, though it is difficult to do this for the large sample used
in the Scoreboard. Most country competitiveness analyses do
just this, but such analyses have to be based on painstaking
collection of detailed information and careful qualitative
analysis.
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R&D spending
per capita by Foreign direct

Skills index productive enterprises investment per capita Royalties per capita Infrastructure index
Rank 1998 1985 1998 1985 1998 1985 1998 1985 1998 1985
1 Korea, Korea, Switzerland Germany Singapore Singapore Ireland Singapore United United

Republic of Republic of States States
2 Finland United Japan Switzerland Belgium New Zealand Singapore Hong Kong Canada Canada

States SAR
3 Australia Canada Sweden Japan Sweden Switzerland Netherlands Netherlands Singapore Sweden
4 Canada Finland United United New Zealand Australia Hong Kong Switzerland Sweden Finland

States States SAR
5 United States Argentina Germany Sweden Hong Kong Belgium Switzerland Belgium Norway Norway

SAR
6 Russian New Finland Denmark Netherlands Oman Malaysia New Bahrain Denmark

Federation Zealand Zealand
7 Spain Spain Denmark Norway Norway Netherlands Belgium Sweden Finland Germany
8 Taiwan Sweden France Netherlands Denmark Hong Kong Sweden Canada Switzerland Switzerland

Province SAR
of China

9 New Germany Norway Canada Switzerland United United Australia Denmark Australia
Zealand States Kingdom

10 United Denmark Belgium France Ireland United Austria Finland Netherlands Netherlands
Kingdom Kingdom

11 Norway Belgium Netherlands Austria Australia Malaysia Finland Ireland Australia France
12 Ireland France Austria Finland United Canada Norway Japan France Belgium

Kingdom
13 Austria Norway Korea, Israel France Ireland Japan Norway Belgium New

Republic of Zealand
14 Sweden Taiwan Singapore. United Austria Greece New France Germany United

Province Kingdom Zealand Kingdom
of China

15 Germany Uruguay United Belgium Canada Spain Canada Germany United Japan
Kingdom Kingdom

16 Netherlands Israel Ireland Taiwan United Norway Taiwan Austria Japan Austria
Province States Province
of China of China

17 France Ireland Australia New Finland France Germany United New Singapore
Zealand Kingdom Zealand

18 Denmark Australia Canada Italy Hungary Sweden Australia Argentina Hong Kong Czech
SAR Republic

19 Greece Ecuador Israel Singapore Malaysia Tunisia Korea, Taiwan Austria Italy
Republic of Province

of China
20 Belgium Austria Taiwan Hungary Chile Jordan Spain Korea, Greece Greece

Province Republic of
of China

21 Portugal Panama Italy Ireland Israel Austria France Spain Korea, Israel
Republic of

22 Japan Greece Slovenia Australia Panama Costa Rica United Israel Israel Hong Kong
States SAR

23 Israel Japan Spain Korea, Spain Israel Israel Italy Ireland Saudi Arabia
Republic of

24 Italy Czech New Spain Argentina Chile Portugal Panama Italy Ireland
Republic Zealand

25 Chile Netherlands Czech South Africa Portugal Italy Hungary United Taiwan Taiwan
Republic States Province Province of

of China China
26 Argentina Switzerland Portugal Poland Czech Portugal Italy Ecuador Czech Spain

Republic Republic
27 Switzerland United Brazil Greece Costa Rica Colombia Slovenia Egypt Spain Poland

Kingdom
28 Slovenia Philippines Greece Mexico Mexico Finland Thailand South Africa Slovenia Romania
29 Panama Venezuela South Africa Romania Greece Cameroon Argentina Costa Rica Portugal Korea,

Republic of
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R&D spending
per capita by Foreign direct

Skills index productive enterprises investment per capita Royalties per capita Infrastructure index
Rank 1998 1985 1998 1985 1998 1985 1998 1985 1998 1985
30 Philippines Singapore Hungary Jordan Slovenia Argentina Jamaica Portugal Hungary Hungary
31 Singapore Italy Argentina Chile Peru Mexico Czech Denmark Mauritius South Africa

Republic
32 Peru Peru Poland Turkey Venezuela Egypt Denmark Uruguay Russian Venezuela

Federation.
33 Bahrain Chile Russian Portugal Poland Brazil Brazil Malaysia Saudi Arabia Portugal

Federation.
34 Poland Jordan Malaysia Brazil Germany Denmark Egypt Indonesia Poland Argentina
35 Czech Hong Kong Costa Rica Ecuador Taiwan Panama Panama Chile Turkey Oman

Republic SAR Province
of China

36 Hong Kong Mexico Chile India Italy Taiwan Morocco Mexico Malaysia Mexico
SAR Province

of China
37 Romania Costa Rica Turkey Tunisia Colombia Germany Costa Rica Thailand Uruguay Jordan
38 Venezuela Romania Romania Malaysia Jamaica Guatemala Ecuador Poland Argentina Malaysia
39 Colombia Poland Venezuela Thailand Brazil SArabia Greece Jamaica Chile Uruguay
40 Jordan Colombia Hong Kong Philippines Bolivia Venezuela Mexico Greece Romania Panama

SAR
41 Costa Rica Egypt Mexico Indonesia Ecuador Ecuador Poland Zimbabwe South Africa Turkey
42 Uruguay Bolivia Panama Kenya Uruguay Thailand Indonesia Honduras Jamaica Costa Rica
43 Mexico Portugal Uruguay Madagascar Tunisia Nigeria South Africa Morocco Venezuela Brazil
44 Bolivia EI Salvador China Malawi Paraguay Paraguay Chile Bolivia Oman Colombia
45 Algeria Hungary Indonesia Jamaica Thailand Bolivia Peru Philippines Colombia Algeria
46 Turkey South Africa India Argentina Oman Honduras Philippines EI Salvador Costa Rica Chile
47 Ecuador Turkey Mauritius Costa Rica South Africa Mauritius Turkey Brazil Panama Jamaica
48 Hungary Morocco Thailand Venezuela Korea, Uruguay Uruguay Colombia Mexico Ecuador

Republic of
49 South Africa Thailand Egypt Hong Kong China Korea, Kenya Peru Brazil Tunisia

SAR Republic of
50 Thailand Saudi Arabia Colombia Panama Mauritius Zambia Colombia Turkey Thailand Mauritius
51 EI Salvador Algeria Jordan Uruguay Romania South Africa EI Salvador Tunisia Jordan Egypt
52 Tunisia Brazil Guatemala China Philippines Japan Romania Cameroon Tunisia Peru
53 Egypt Honduras Algeria Mauritius Indonesia Sri Lanka Honduras Kenya China Bolivia
54 Morocco Nicaragua Saudi Arabia Egypt Albania Morocco Madagascar Pakistan EI Salvador Zimbabwe
55 Indonesia Tunisia Peru Colombia Morocco Central Bolivia Romania Ecuador China

African
Republic

56 Saudi Arabia Malaysia Morocco Guatemala Nicaragua EI Salvador Zimbabwe Algeria Algeria EI Salvador
57 Nicaragua Sri Lanka Philippines Algeria Jordan Yemen China Senegal Peru Nicaragua
58 Brazil Paraguay Honduras Saudi Arabia Russian Turkey Tunisia India Paraguay Thailand

Federation
59 Malaysia India Nicaragua Peru Saudi Arabia Indonesia Senegal Nigeria Bolivia Paraguay
60 Honduras Jamaica Sri Lanka Morocco Nigeria Senegal India Ghana Egypt Philippines
61 Jamaica Indonesia Yemen Honduras Egypt Peru Pakistan Madagascar Morocco Morocco
62 China Guatemala Tunisia Nicaragua Turkey Philippines Tanzania, Paraguay Guatemala Guatemala

United
Republic of

63 Sri Lanka Oman Malawi Sri Lanka Honduras Kenya Paraguay Bangladesh Honduras Zambia
64 Paraguay China Madagascar Yemen Sri Lanka Pakistan Cameroon China Philippines Yemen
65 Guatemala Zimbabwe Kenya Albania Guatemala China Bangladesh Russian Indonesia Honduras

Federation
66 Albania Nepal Jamaica Bahrain Ghana Ghana Russian Albania Zimbabwe Indonesia

Federation
67 India Mauritius Ecuador Bangladesh Yemen Poland Albania Bahrain Nicaragua Pakistan
68 Zimbabwe Madagascar Albania Bolivia Japan Tanzania, Algeria Central Sri Lanka India

United African
Republic of Republic

69 Mauritius Bangladesh Bahrain Cameroon Zambia Madagascar Bahrain Ethiopia Albania Nigeria
70 Oman Ghana Bangladesh Central Senegal Malawi Central Guatemala India Kenya

African African
Republic Republic
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R&D spendmg
per capita by Foreign direct

5kills index productive enterprises investment per capita Royalties per capita Infrastructure index
Rank 1998 1985 1998 1985 1998 1985 1998 1985 1998 1985
71 Nepal Pakistan Bolivia EI Salvador Uganda India Ethiopia Jordan Pakistan Senegal
72 Nigeria Nigeria Cameroon Ethiopia Pakistan Mozambique Ghana Malawi Nigeria Cameroon
73 Bangladesh Cameroon Central Ghana Zimbabwe Zimbabwe Guatemala Mauritius Zambia Sri Lanka

African
Republic

74 Cameroon Senegal EI Salvador Mozambique Tanzania, Ethiopia Jordan Mozambique Kenya Ghana
United
Republic of

75 Pakistan Kenya Ethiopia Nepal Mozambique Nepal Malawi Nepal Senegal Malawi
76 Madagascar Zambia Ghana Nigeria EI Salvador Bangladesh Mauritius Nicaragua Mozambique Mozambique
77 Senegal Ethiopia Mozambique Oman India Uganda Mozambique Oman Ghana Madagascar
78 Yemen Uganda Nepal Pakistan Bahrain Algeria Nepal Saudi Arabia Tanzania, Tanzania,

United United
Republic of Republic of

79 Ghana Central Nigeria Paraguay Cameroon Jamaica Nicaragua Sri Lanka Cameroon Bangladesh
African
Republic

80 Zambia Malawi Oman Senegal Madagascar Bahrain Nigeria Uganda Nepal Uganda
81 Kenya Tanzania, Pakistan Tanzania, Nepal Hungary Oman Venezuela Yemen. Central

United United African
Republic of Republic of Republic

82 Uganda Mozambique Paraguay Uganda Kenya Czech Saudi Arabia Zambia Ethiopia Ethiopia
Republic

83 Central Albania Senegal Zambia Central Slovenia Sri Lanka Hungary Malawi Nepal
African African
Republic Republic

84 Ethiopia Bahrain Tanzania, Zimbabwe Algeria Romania Uganda Slovenia Bangladesh Albania
United
Republic of

85 Mozambique Russian Uganda Russian Bangladesh Albania Venezuela Czech Madagascar Bahrain
Federation Federation Republic

86 Malawi Slovenia Zambia Slovenia Malawi Nicaragua Yemen Tanzania, Uganda Russian
United Federation
Republic of

87 Tanzania, Yemen Zimbabwe Czech Ethiopia Russian Zambia Yemen Central Slovenia
United Republic Federation African
Republic of Republic

Source: UNIDO Scoreboard database (see technical annex).
Note: Economies in italics have negligible values, and those in bold italics have missing data. These economies are not ranked in the analysis; their location in the table is incidental.
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This appendix illustrates how the Scoreboard can help in ana-
lyzing industrial performance and its drivers. It uses selected
country cases from different regions and occasionally supple-
ments the Scoreboard data with other information to enrich
the analysis. As noted in the chapter, however, using the
Scoreboard in country analysis would require much more
detailed information than that here. 80

Japan
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Japan

Industrialized countries 70
United States •

Source: UNIDO Scoreboard database (see technical annex).
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Ireland's success was driven mainly by foreign direct invest-
ment combined with a massive upgrading of human capital.
Starting from a weak inherited technological and industrial
base, Ireland used incentives and targeting to attract transna-
tional corporations into high-tech activities.19 Access to the
European Union's market was, of course, an important mag-
net for transnational corporations. Ireland drew heavily on EU
assistance to develop its physical infrastructure. Inward for-
eign direct investment grew rapidly in 1985-1998 (at 19 per-
cent a year on a per capita basis). Payments of royalties and
licensing fees to foreign firms also rose sharply, reaching $6
billion by 1998, around 9 percent of global royalty payments
(and the highest level in per capita terms). Ireland's drive into
sophisticated manufacturing and software activities required
many skilled workers, and the country became a global leader
in enrolments. It now ranks higher than Germany, the United

Share of medium- and high-tech activities in manufacturing
value added

• Ireland

Ireland

United States

50

30

40

60As would be expected, industrialized countries as a group
lead the sample in both industrial performance and its driv-
ers. Their rankings have remained relatively stable over time-
again as would be expected for countries with mature
industrial sectors that cannot change structural parameters
much over the medium term. Nevertheless, there are some
interesting shifts, so some structural change is clearly possi-
ble. The most striking case is that of Ireland, which improved
its ranking by the competitive industrial performance (C1P)
index by 12 places between 1985 and 1998. At the other end
of the spectrum is New Zealand, which lost 7 places.

One of the most dynamic industrialized economies, Ireland
improved its CIP rank from 15th in 1985 to third in 1998, just
behind Singapore and Switzerland. Not only has it signifi-
cantly increased industrial production and manufactured
exports per capita, it has also achieved high levels of techno-
logical sophistication in both (figure A4.1). Yet despite the
fairly large share of medium- and high-tech products in its
manufactured exports, its rank by this measure fell from 12th
to 17th over the period. The main reason is the rise in the
ranks by such developing economies as Singapore, the
Philippines, Mexico, Malaysia and Taiwan Province of China,
with their even more technology-intensive export structures.

IRELAND

Ireland's drivers match its dynamic performance. Figure A4.2
shows shifts in Ireland's ranks for each indicator of industrial
performance and each of the five drivers (a move towards the
centre signifies an improvement in rank). Ireland's manufac-
turing value added (MVA) and manufactured exports per capita
rose rapidly in 1985-1998, propelling the country to close to
the top of the ranking for these measures. Total MVA grew by
13.6 percent a year and manufactured exports by 15.8 percent
(two or more percentage points higher than the average for
industrialized countries). The share of medium- and high-tech
products in MVA rose by 12 percentage points, and their share
in manufactured exports by 11 percentage points.
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Kingdom or the United States in tertiary students enrolled in
technical subjects as a share of the population.

The Industrial Development Authority of Ireland, an organi-
zation with highly qualified staff and a strong private sector
orientation, managed the promotion and targeting of foreign
direct investment. But the authority (later, Enterprise Ireland)
was more than an investment promotion agency. It also man-
aged industrial policy and so was able to ensure that the
needs of foreign investors were met. This strategy making and
coordination function allowed it to mastermind the techno-
logical upgrading of the industrial sector (much as the
Singapore Economic Development Board has done in that
country). The authority later mounted strategies to
strengthen links between local suppliers and affiliates of
transnational corporations and to induce affiliates to deepen
local technological activity and undertake research and devel-
opment (R&D).20As a consequence, enterprise-financed R&D
per capita rose from $14 in 1985 to $153 in 1998; total enter-
prise-financed R&D grew by 20 percent a year. Ireland now
ranks ahead of Australia, Canada, Israel and Taiwan Province
of China in enterprise-funded R&D. Although affiliates of
transnational corporations perform most of the R&D, local
companies are also increasing R&D efforts.

NEW ZEALAND

New Zealand presents something of contrast to Ireland
(figure A4.3). Its growth rates for MVA and manufactured

Source: UNIDO Scoreboard database (see technical annex).

exports per capita have been lower than the average for
industrialized economies, pulling it down in the rankings by
these measures by three and six places. More important, the
share of medium- and high-tech products in its
manufactured exports (14.5 percent) is now the lowest in
the industrialized world. And the share of complex activi-
ties in its MVA exceeds only that of Greece and Portugal
among industrialized countries. A number of newly indus-
trializing and transition economies now rank higher than
New Zealand by various measures of industrial
performance.

Still, New Zealand is strong in some drivers of industrial per-
formance. It has one of the largest skill bases in the world
(though its ranking by the skills index has declined over
time). Its foreign direct investment inflows are among the
largest in the world on a per capita basis, and as a share of
GDP (4.8 percent) they exceed those to Belgium (3.9 per-
cent), Sweden (3.6 percent) and the Netherlands (2.6 per-
cent). Other drivers are not as strong. New Zealand lags
behind other industrialized countries in infrastructure and
R&D. Although enterprise-financed R&D per capita doubled
in nominal terms between 1985 and 1998, the level in 1998
was an eighth of the average for industrialized countries and
only a third of that in Australia, another resource-rich indus-
trialized country. What is more, R&D declined as a share of
GDP in New Zealand. Foreign direct investment goes less
into manufacturing than into services, and little is aimed at
high-tech activity.
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Developing countries drivers show, at least in part, the reasons for the differences
in outcomes for the two.

LATIN AMERICA AND THE CARIBBEAN

Industrial performance has been variable in Latin America
and the Caribbean. Of the 18 countries from that region in
the sample, 7 (Bolivia, Chile, Costa Rica, EI Salvador,
Guatemala, Honduras and Mexico) improved their CIP ranks
between 1985 and 1998, while 11 saw their ranks deterio-
rate. The laggards include large, industrialized economies
like Argentina and Brazil. Compared with the rest of the
developing world, the region is relatively well placed in most
drivers of industrial performance but lags in domestic tech-
nological effort.

Mexico and Jamaica illustrate the range of experience in the
region: the first performs relatively well in the Scoreboard,
while the second does not. Their ranks by performance and
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Mexico. Mexico led the region in 1998 in industrial perform-
ance, having overtaken Brazil in the period since 1985. It
recorded an impressive increase in manufactured exports,
with annual growth of 21.4 percent, and vigorously upgraded
the technological structure of these exports (figure A4.4). In
fact, Mexico now has one of the most technology-intensive
export structures in the world, ranking ahead of the United
States and behind only Japan, the Philippines and Singapore.

But Mexico's production record is less impressive. While its
annual growth in MVA in 1985-1998 (6.2 percent) exceeded
the average for Latin America and the Caribbean (5.9 per-
cent), it fell short of the average for East Asia (9.3 percent).
More important, the share of medium- and high-tech prod-
ucts in MVA has declined over time. This differentiates Mexico
from Brazil, the other Latin American industrial giant. While
Brazil has a less technology-intensive export structure, its
MVA structure is far more complex (ranking Brazil 13th glob-
ally) and has become more so over time. Mexico's domestic
industrial sector seems to be on a different trajectory than its
export sector.

Share of medium- and high-tech products in manufactured exports
c; 1985
• 1998

70
• Mexico

60

The main driver of Mexico's industrial performance is activity
by transnational corporations in the maquiladoras on the U.S.
border. Average annual per capita inflows of foreign direct
investment grew from $16.5 in 1981-1985 to $102.4 in
1993-1997. In 1998 Mexico's foreign direct investment
inflows (as a share of GDP) exceeded those to Hong Kong

50
1 .. FigureA4.5 ~~ttJ~~.:J

~mxtJ~Gcw[i".ihQ~
-- -- - -. ----------- -------- ---- - .. ---- ..-- ..-- --

1985 • 1998

Share of medium- and high-tech activities in manufacturing
value added

Costa Rica C)

Costa Rica
•

MHT
inMVA

MHT
in exports

Exports

Infrastructure

MVA
60

Skills

Royalties

R&D

FDI

7060

• Brazil

c; Brazil

5040

Argentina
()

Mexico

•Argentina

3020

Je JamaicaamalCa •

10
o

20

30

10

40

Source: UNIDO Scoreboard database (see technical annex).
Source: UNIDO Scoreboard database (see technical annex).

80 Industrial Development Report 2002/2003



Source: UNIDO Scoreboard database (see technical annex).
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The domestic content of export production in Mexico remains
low, though it is rising slowly.22 The real drivers of its industrial
success have been low labour costs, locational advantages and
the privileges gained through the North American Free Trade
Agreement (NAFTA). Despite its large and well-established
industrial sector, Mexico makes little use of the modern driv-
ers of industrial competitiveness. Unless the domestic content
of industrial activity increases, with a better match between
export and MVA structures, the sustainability of the country's
industrial growth remains open to question.

Special Administrative Region (SAR) of China, Thailand, the
Philippines and Indonesia. But this high dependence on inter-
nalized technology transfer has done nothing to enhance
domestic innovation; on the contrary, enterprise-financed
R&D spending per capita in 1998 was half that in 1985, and
Mexico's rank dropped by 13 places (figure A4.5). Enterprise-
financed R&D fell as a share of GNP by nearly 8 percent a year
over the period. Just as worrying is that Mexico's skill base and
physical infrastructure are deteriorating relative to those of
competitors. Moreover, the maquiladoras have only weak
links to local industry for inputs and technology21

Jamaica. Jamaica lies almost at the other end of the techno-
logical spectrum. It suffered the largest deterioration in CIP
ranks in the region between 1985 and 1998, falling from
52nd to 65th. Although its MVA and manufactured exports
have grown at respectable rates since 1985 (6.7 percent and
6.9 percent), it has not kept pace with competitors. Moreover,
the technological structure of Jamaica's MVA and exports has
regressed. The country now has one of the smallest shares of
medium- and high-tech manufactured exports in the sample,
leading it to lose 22 places in the rankings by this measure.

Jamaica's experience can be contrasted with that of neigh-
bouring Costa Rica, which has managed a rapid transition
from resource-based and labour-intensive exports to technol-
ogy-intensive industrial activity. Costa. Rica has achieved this
success through targeted foreign direct investment policies
and skill creation-the leading example of Irish- or Singapore-
style industrial policy in Latin America and the Caribbean. It
has attracted a $500 million semiconductor plant from Intel,23
which has transformed its production and export structure
and is leading to extensive spillover benefits24

Jamaica performs poorly in some industrial drivers, ranking
fairly low on the skills index (where its rank has stagnated) and
with negligible enterprise-financed R&D (figure A4.6). But its
foreign direct investment rank has improved sharply (by 41
places), with per capita inflows rising from negative figures in
1985 to almost $60 in 1998. This record is misleading, how-
ever, since the negative inflows in 1985 were clearly an aber-
ration. More important is that the investment seems to have

done little to improve Jamaica's industrial structure or com-
petitiveness; most probably went into services and utilities.

Jamaica has used its locational advantages and low wages to
build up some (labour-intensive) exports, but its export indus-
try has remained concentrated in low-tech activities (the
country's export structure is among the least technology
intensive in the sample). With no technological upgrading
over time, Jamaica has a weak base for future industrial
growth. Its exports will come under increasing threat from
lower-wage countries, particularly those in other regions, as
trade is further liberalized and its special access to the U.S.
market is reduced. Without a move up the technological lad-
der (probably best achieved by emulating Costp Rica),Jamaica
may find itself increasingly marginalized in industry.

EAST ASIA

EastAsia leads the developing world in industrial performance
as well as in its drivers. While there is much diversity among
East Asian economies, the leaders in the region are among
the global leaders in several indicators (figure A4. 7). Since the
experience of the Republic of Korea, Singapore and Taiwan
Province of China is fairly well known,25 the focus here is on
two other economies, China and the Philippines. China is of
obvious interest: it is the leading industrial power in the devel-
oping world and poses a strong competitive challenge to
other economies in the region and elsewhere-across the
entire technological spectrum. The Philippines is not a major
industrial power, but its experience offers interesting lessons,
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Source: UNIDO Scoreboard database (see technical annex).

both positive and negative. Much like Mexico, it shows that
integration into high-tech global production systems can
boost national performance.

Share of medium- and high-tech activities in manufacturing
value added

o
10 20 30 40 50 60 70 80 90 China sharply increased its imports of foreign technology in

1985-1998, as reflected in its improved ranks in foreign direct
investment and royalty payments. In 1998 only the United
States received more foreign direct investment (in absolute
terms). China also has slightly improved its ranks in skills and
R&D. It invests almost as much in enterprise-financed R&D (in
absolute terms) as the Russian Federation and nearly three
times as much as India.

China. China rose in the CIP ranks by 24 places between 1985
and 1998-the largest jump in the sample. Its rank in three
of four performance indicators improved significantly, with
only its rank in the technological structure of MVA deterio-
rating (figure A4.8). China combines strong growth in per
capita MVA and manufactured exports-averaging 9.8 per-
cent and 29.1 percent a year in 1985-1998-with rapid
upgrading of its export structure.

China accounts for 17 percent of tertiary enrolments in the
developing world and lags behind only the United States and
the Russian Federation in the number of tertiary students
enrolled in technical subjects. Even so, China's skill base
appears weak relative to its size. Moreover, its infrastructure
rank did not improve in 1985-1998. While China is rapidly
strengthening both these drivers of industrial performance, it
still has some distance to go before it matches the region's
leading industrializing economies.

China exploits competitive advantages in both labour-inten-
sive and technology-based (assembly) activities. Its special
economic zones, with a strong presence of exporters from
Hong Kong SAR and Taiwan Province of China, drive the
low-tech activity. And transnational corporations and some
dynamic domestic firms drive exports of technologically

Philippines. The Philippines moved up 20 places in the CIP
ranking, from 45th in 1985 to 25th in 1998-higher than
industrialized countries such as Australia, New Zealand and
Portugal and transition economies such as Hungary and
Slovenia. Rapid growth in manufactured exports (more than
20 percent a year in 1985-1998) and improvements in its
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Source: UNIDO Scoreboard database (see technical annex).
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SOUTH ASIA

There is a lack of "connectivity" between the Philippines'
high-tech export activity and its domestic drivers, reflected in
the fact that its rank fell by 17 places in R&D, 4 places in the
infrastructure index and 2 places in the skills index. The only
driver of industrial performance in which its rank improved is
foreign direct investment, underlining the fragility of the
country's industrial success.

The industrial performance of South Asia is strikingly differ-
ent from that of East Asia. South Asia ranks low in the CIP
index and has weak drivers of industrial performance, com-
parable to those of Sub-Saharan Africa except for skills. This
may seem surprising in view of the region's history of heavy
industrialization and the recent surge in software exports by
India, its main industrial economy. But even India has a rela-
tively weak base of industrial capabilities relative to the size
of its economy. Moreover, small islands of technological suc-
cess, as in software, do not reflect the dynamism and com-
petitiveness of the industrial sector as a whole. Export
structures in the region are relatively weak, though India has
a complex MVA structure (figure A4.1 0). Other economies
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export structure account for its success, rather than grow-
ing MVA or better capabilities (figure A4.9). Like Mexico, it
shows that countries with relatively weak drivers can
upgrade rapidly by plugging into high-tech global produc-
tion systems. And like Mexico, it is not assured of continued
success, because its domestic base for growth remains
weak. In fact, lacking the locational advantages of Mexico
and with a much narrower export specialization, the
Philippines is more vulnerable to technical change and
emerging competition26
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Medium- and high-tech products increased from 10.5 per-
cent of the Philippines' manufactured exports in 1985 to
74.4 percent in 1998, and the country's recent export
growth has been among the strongest in the region (it fared
better than most other large exporters during the East Asian
financial crisis). The Philippines has overtaken Malaysia as
the main base in the region for assembly and testing of semi-
conductors for transnational corporations, and this product
accounts for more than 70 percent of manufactured
exports. But manufacturing production has grown slowly (by
4.8 percent a year), leading to a loss of three places in the
MVA per capita ranks. The structure of MVA is biased
towards low-tech and resource-based activities, creating a
sharp disparity in technological complexity between exports
and domestic production (see figure A4.7). The local con-
tent of semiconductor assembly remains low, and traditional
labour-intensive exports (such as apparel) are weakening.
Other technology-intensive export activities have yet to take
root.
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have less advanced industrial sectors, though their export pat-
terns look surprisingly similar to that of India.
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India. India led South Asia in the CIP ranking in 1998, though
its rank had changed little since 1985. During this 13-year
span India's industrial structure remained static, and the
country was overtaken in the CIP ranking by such economies
as China and Indonesia, mainly because of their greater ori-
entation towards technologically complex export industries.
India had annual growth of MVA (5.1 percent) lower than the
region's average (5.5 percent), and its MVA per capita in 1998
($65.2) was similar to that of Cameroon ($64.6) and Nigeria
($62.2). Its manufactured exports reached only $26.4 per
capita in 1998, less than in Senegal ($34.5), Cameroon ($34)
or Kenya ($28.3). The annual growth of its manufactured
exports (11.6 percent), while healthy, was less than the
region's average (12.4 percent), which was in turn lower than
the average for all developing economies (13.3 percent) and
for East Asia (14.5 percent).
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What really distinguishes India from other countries in South
Asia-and from Africa-is the depth and complexity of its
industrial structure (see figure A4.10). Medium- and high-
tech products accounted for almost 60 percent of India's
MVA in 1998, compared with less than 10 percent for its
neighbours. In fact India ranked 12th globally in the techno-
logical complexity of MVA, ahead of Taiwan Province of
China, Brazil or China-a legacy of its prolonged import sub-
stitution strategy emphasizing heavy industry.

But this strategy has also left India's diverse manufacturing
sector with large technological and competitive gaps relative
to world frontiers (figure A4.11). India's manufactured
exports have a strikingly different structure than its manufac-
turing production, with low-tech products (textiles and cloth-
ing) and resource-based activities (diamond cutting)
accounting for 62 percent. The gap between the two struc-
tures reflects the competitive gap in large sections of Indian
industry. India's most dynamic export activity-software-is
not captured by the figures, which exclude services.

This competitive gap in manufacturing is the result not only
of past trade policies but also of weaknesses in industrial driv-
ers27 The country's skill base is weak and deteriorating rela-
tive to those of competitors. The absolute numbers are, of
course, large-India accounted for 16.3 percent of tertiary
enrolments in the developing world in 1998, and it ranked
behind only the United States, the Russian Federation and
China in tertiary enrolments in technical areas.

But the number of tertiary students enrolled in technical sub-
jects is small relative to India's population, and in contrast to
the numbers 'Inmost other regions, it has declined since 1985.
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Source: UNIDO Scoreboard database (see technical annex).

Still, the absolute number of technically qualified people is
large, allowing India to foster nodes of skill-intensive activity.
That explains the presence of software exports and of some
competitive firms in complex activities. The real skill constraint
will arise when India tries to upgrade technologies in a large
range of activities to compete in liberalized markets.

Other industrial drivers in India are also weak. Lags in infra-
structure are widespread, a well-known problem confirmed
by the Scoreboard data. More striking is that India is falling
further behind its competitors in this driver of industrial per-
formance. Moreover, enterprise-financed R&D was the same
on a per capita basis in 1998 as in 1985 and declining as a
share of GNP. Inward foreign direct investment has risen sig-
nificantly in recent years, but the growth has not been
enough to reverse a decline in India's rank by this indicator.
And in sharp contrast to foreign direct investment in China,
little in India goes into export-oriented manufacturing. That
puts India at risk of losing out on links with the most dynamic
part of industrial export activity, integrated production sys-
tems in technology-intensive activities.

Bangladesh. Bangladesh ranked 73rd in the CIP index in
1998. Despite respectable industrial growth-MVA per capita
rose by 6.6 percent a year between 1985 and 1998, from
$33.5 to $59.6, and manufactured exports per capita by 14.7
percent from $8.1 to $37.3-it had gained only one place in
the performance ranks. Part of the explanation lies in its over-
whelming specialization in low-tech products, primarily cloth-
ing (which accounts for 90 percent of manufactured exports).
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This specialization grew rather than diminished over the
period, as other exports failed to grow.

This stagnation in technological development has worrying
implications, not only because of what it denotes about indus-
trial upgrading but also because clothing exports have grown
on the back of quota protection under the Multi-Fibre
Arrangement (MFA), which ends in 2004. Like other countries
that have built manufactured exports on the basis of the MFA,
Bangladesh faces a serious adjustment problem once compe-
tition with more efficient developing countries opens up fully.
While some clothing exporters will clearly survive, they may
not drive export growth in the way they have in the past-
and there are few signs of other dynamic manufacturing
exporters replacing them.

Source: UNIDO Scoreboard database (see technical annex).

Share of medium- and high-tech activities in manufacturing
vafueadded

the first rung of industrial development on the basis of cloth-
ing, Bangladesh will need to greatly improve its industrial capa-
bilities if it is to sustain industrial growth.

Bangladesh also does poorly in other drivers of industrial per-
formance (figure A4.12). Enterprise-financed R&D is negligible.
Foreign direct investment inflows have risen, but reached only
$0.3 per capita in 1998 (ranking Bangladesh third from the bot-
tom in the sample). Some foreign direct investment goes into
export-oriented activity, but since clothing is a labour-intensive
activity, the values involved are quite small. Infrastructure is
weak, with Bangladesh ranking fourth from the bottom by this
indicator. It had only three telephone mainlines per 1,000 peo-
ple in 1998, even fewer than Malawi, Mozambique, Nigeria
and the United Republic of Tanzania. Bangladesh lost four
places in the combined infrastructure index, ranking 84th in
1998. Its skill base is weak and is deteriorating relative to that
of competitors. Like Mauritius, Morocco, Sri Lanka and other
countries (particularly in Central America) that have reached
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In industrial capabilities the Middle East and North Africa typ-
ically ranks at about the middle among developing regions,
generally just after Latin America and the Caribbean. It has a
relatively good base of skills and infrastructure, but lags in
technological activity. Turkey specializes heavily in low-tech
exports, with relatively slow upgrading over time (figure
A4.13). Some countries, like Egypt, have a long history of
import-substituting industrialization led by the state. Saudi
Arabia's export structure continues to be dominated by
resource-based products. An increase in the share of medium-
and high-tech products in manufactured exports over the
years is indicative of the move towards export diversification.

Turkey. Turkey placed 38th in the CIP ranking in 1998, lead-
ing the Middle East and North Africa despite having lost two
places since 1985. It ranked just behind China and a little
ahead of Greece, Romania and the Russian Federation.
Despite reasonable industrial growth in 1985-1998, Turkey

MHT
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MHT
in exports

Exports

InfrastructureSkills

R&D
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has not kept up with many newly industrializing countries-
the Philippines, Thailand, Costa Rica and China have all
jumped ahead in the CIP ranking.

Turkey's total MVA grew by 10.3 percent a year between 1985
and 1998, and its total manufactured exports by 11.2 percent.
Technologically complex industries raised their share in man-
ufacturing production from 32 to 38 percent and in manu-
factured exports from 18 to 23 percent. That gave Turkey a
more technology-intensive export structure than that of coun-
tries in the Middle East and North Africa, with the exception
of Saudi Arabia. Saudi Arabia's technology-intensive export
structure is due largely to its petrochemical facilities.

Even so, Turkey is not technologically advanced by the stan-
dards of East Asia or Latin America and the Caribbean. Most
of its exports come from the clothing sector, where it has cap-
italized on low wages relative to those in Europe and on
accessto the EU market. It has high wages by Asian standards,
however, and will soon face severe competition from lower-
cost countries, particularly China (whose exports of clothing
and textiles rose from $2 billion in 1985 to almost $53 billion
in 1998). Turkey will need to move into much higher quality
segments, which require advanced design and marketing
skills, in order to sustain a competitive edge here.

In industrial drivers Turkey has both strengths and weak-
nesses (figure A4.14). It falls very low in the foreign direct
investment ranking, despite its strong EU connection.
Although per capita inflows of foreign direct investment rose
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from $1.7 in 1985 to $12 in 1998, the average for develop-
ing countries is twice as high, and the average for the world
six times as high. Tertiary enrolments in technical subjects are
relatively low, with Turkey ranking 46th in the skills index in
1998 (up one place since 1985), lagging behind Bahrain and
Jordan in the region. It fares better relative to the rest of the
region in enterprise-financed R&D. But it lags behind much of
Europe and several developing economies, such as the
Republic of Korea, Taiwan Province of China, Brazil, South
Africa, Malaysia, Chile and Costa Rica. Infrastructure, espe-
cially for information and communication technology, has
improved greatly, with Turkey's rank by the infrastructure
index rising by nine places (to 35th) between 1985 and 1998.

Egypt. Egypt improved its CIP rank by 10 places, reaching
57th in 1998, the only country in the Middle East and North
Africa to climb in this ranking. Its MVA grew by 9.5 percent
a year between 1985 and 1998, more than the average for
the developing world and for the region (7.7 percent).
Manufactured exports grew even faster (13 percent), though
the level remains low-$36.5 per capita in 1998, less than
those of Tunisia, Turkey, Pakistan, Bangladesh or Zimbabwe.
Its domestic market orientation, a legacy of socialist and
import substitution policies, is changing. But as in India, the
policy of import substitution left a sharp divergence between
MVA and export structures. Medium- and high-tech products
account for a much larger share of MVA (39 percent) than of
exports (8.8 percent).

While Egypt is abandoning its past industrial strategies, it still
has a long way to go in industrial drivers (figure A4.15). Per
capita inflows of foreign direct investment remain very low
($13.3 in 1998) and have fallen over time (from $15.5 in
1985). As a result, Egypt's rank by this indicator dropped by
29 places. Enterprise-financed R&D per capita, while rising,
reached only $0.2 in 1998-4.3 percent of the average for
developing countries and 14.3 percent of that for the Middle
East and North Africa.

Royalties 60 Exports

FDI

R&D

MHT
inMVA
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Egypt is also losing ground to other developing countries in
skills and infrastructure. The number of tertiary students
enrolled in technical subjects declined from 75,000 in 1985
(0.15 percent of the population) to 70,000 in 1995 (0.12 per-
cent), pushing Egypt nine places lower in the ranks. In the
infrastructure index Egypt ranked 63rd in 1998, just ahead of
the Central African Republic and Morocco, but it had lost nine
places since 1985.

Source: UNIDO Scoreboard database (see technical annex).

Skills Infrastructure
This record suggests that Egypt can take advantage of its long
industrial history, low wages and favourable location near
Europe only if it is able to attract more foreign direct invest-
ment and improve its base of skills, technology and
infrastructure.
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SUB-SAHARAN AFRICA

Sub-Saharan Africa also ranks last among regions in the
infrastructure index. It accounts for less than 1 percent of the
world's telephone mainlines, mobile phones and computers.
According to the Economist (9 September 2000), only 3.1
million of the world's 360 million Internet users are in Africa,
with most of these in South Africa and northern Africa.
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Foreign direct investment has largely passed Africa by.
Although total and per capita inflows have grown since the
mid-1980s, the region's share of flows to the developing
world fell from 3.7 percent in 1985 to 3 percent in 1998. All
this is not say that there has been no progress. The region
has seen improvement in most indicators, but its ranks by
these indicators are deteriorating. In a competitive world that
is what matters more. Economies must improve faster to stay
in the same place.

Source: UNIDO Scoreboard database (see technical annex).

Share of medium- and high-tech activities in manufacturing
value added

Zimbabwe and the United Republic of Tanzania illustrate dif-
ferent aspects of the disappointing industrial performance of
Sub-Saharan Africa. Zimbabwe, the most industrialized
country in the region (after South Africa), has failed to build
on inherited advantages. The United Republic of Tanzania,
one of the least industrialized, has failed to build new advan-
tages. Both countries experienced a wholesale worsening in
industrial performance and its drivers between 1985 and
1998. Take industrial production. MVA per capita fell from
$31 to $15.8 in the United Republic of Tanzania and from
$123 to $77 in Zimbabwe. This record of decline is not
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The region's drivers are also weak. Take tertiary enrolment in
technical subjects. In 1985 Morocco had almost the same
number of tertiary students enrolled in technical subjects as
all of Sub-Saharan Africa excluding South Africa. In 1998
Turkey had more students in technical subjects than Sub-
Saharan Africa, this time including South Africa. In the com-
posite skills index, 15 of 16 countries in the region ranked
among the bottom 20.

Sub-Saharan Africa lags behind the other developing regions
in all indicators of industrial performance and capabilities. Of
the 15 African countries included in the Scoreboard, 14 fell in
the (IP ranking between 1985 and 1998 (the exception was
Kenya). Even the regional leaders dropped substantially,
South Africa by 7 places, Zimbabwe by 13 and Mauritius by
9. The regional laggards-Uganda, Ghana and Ethiopia-
have the weakest industrial performance in the world.
Moreover, Kenya's improvement in the ranking had little to
do with its industrial performance; instead, it was due prima-
rily to the greater deterioration in the ranks of other countries
in the region.
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uncommon in the region: MVA per capita also decreased in
Cameroon, the Central African Republic, Madagascar,
Nigeria and Zambia.

Zimbabwe. Zimbabwe built a relatively deep and diverse
industrial structure during the period of economic isolation
under the Unilateral Declaration of Independence, with the
capability to manufacture a range of simple capital and inter-
mediate goods in addition to basic consumer products28 But
it has failed to upgrade this technological base since gaining
independence in 1980. In the 1990s there was some liberal-
ization in Zimbabwe and manufactured exports grew by 7.1
percent a year, with mainly resource-based (mineral) products
going to industrialized countries and simple machinery and
intermediates to neighbouring countries. But many firms
were unable to upgrade enough to cope with import com-
petition at home and in neighbouring export markets.
Growth slackened, MVA declined, and exports failed to diver-
sify and take off. Recent political uncertainties have exacer-
bated the situation.

Between 1985 and 1998 the share of medium- and high-tech
products in Zimbabwe's MVA and manufactured exports
declined (figure A4.16). As a result, the country lost 16 places
in the ranking for export structure and 21 places in the rank-
ing for MVA structure. Zimbabwe ranks relatively well in the
region in human capital, coming second (after South Africa)
in the skills index in 1998. But that ranked it only 68th in the
world, three places lower than in 1985 (figure A4.17). As in
most Sub-Saharan African countries, enterprise-financed R&D
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is negligible in Zimbabwe, and it has fallen in the R&D rank-
ing because of the entry of countries above it with some R&D.
Foreign direct investment inflows rose from zero per capita in
1985, but remain at very low levels-with little going into
manufacturing and almost none into export-oriented manu-
facturing. Royalty payments have declined marginally despite
exposure to competition. And infrastructure has declined in
relative terms.

Thus Zimbabwe has failed to capitalize on its initial industrial
advantages. Part of the reason for this is political, but struc-
tural factors also explain why its enterprises have failed to
cope with international competition29 The liberalization of
the economy has not been accompanied by measures to
improve drivers, and there is a serious risk that the existing
base of learning and capabilities will be eroded.

United Republic of Tanzania. In the United Republic of
Tanzania MVA declined by 2 percent a year between 1985
and 1998. The country's manufactured exports grew by 3.8
percent a year, but from a tiny base. Medium- and high-tech
products accounted for only 1.5 percent of manufactured
exports in 1998 (down from 2.3 percent in 1985) and for 25
percent of MVA. The country fell in the rankings in each of
these indicators (figure A4.18).

The base of capabilities in the United Republic of Tanzania isvery
weak. The country ranked lowest in the world in the skills index
in 1998, having fallen in the ranking since 1985. Its R&D effort
is negligible. Inflows of foreign direct investment amounted to
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Source: UNIDO Scoreboard database (see technical annex).
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only $3.3 per capita in 1998; though the investments flows had
increased since 1985 ($0.4), they have been directed largely to
resource-based activities. Royalties are minuscule, and infra-
structure among the poorest. But while Bangladesh,with even
weaker infrastructure, has managed to build manufactured
exports on the basisof clothing, the United Republicof Tanzania
hasfailed to do this despiteeven lower wages. Studiesshow that
capabilitiesat the enterprise levelare weak even by Sub-Saharan
African standards. Simple entry-level activities such as clothing
and footwear are dying in the face of import competition from
Asia30 The country's institutional structure for supporting indus-
try is fragmented and ineffective31

The United Republic of Tanzania seems to epitomize the
problems facing the least developed countries in industrializ-
ing in an open environment with weak industrial structures
and capabilities. There is no quick fix for these structural
problems: the drivers of industrial growth have to be
improved in all dimensions. This is difficult, in part because
least developed countries also often lack the capabilities
needed to design and implement the necessary strategies.
Merely opening to global market forces is not enough. That
is exactly what the United Republic of Tanzania has done,
with meagre reward. The challenge is to find strategies
within the reach of least developed countries-and the finan-
cial and, even more important, human resources that they
need to mount those strategies.

1. Macroeconomic variables extensively analysed by other

institutions-inflation rates, real effective exchange rates, interest

rates and so on-were left out of the benchmarking analysis. And sev-

eral more structural variables were quantified but discarded because

of poor data or lack of theoretical justification. The list of drivers may,

of course, be enlarged in subsequent editions of the report.

2. See Amsden (2001), Rodrigo (2001) and Lall (1996). This conflict

may resolve itself once R&D capabilities are established. The experi-

ences of Ireland and Singapore also show that with careful targeting,

incentives and skill building, it is possible to induce transnational cor-

porations to invest in local R&D (see chapter 2).

3. The correlation coefficients between the two.years are 0.950 for

Harbison-Myers index, 0.876 for tertiary technical enrolments, 0.896

for R&D, 0.895 for foreign direct investment, 0.399 for royalties and

0.958 for infrastructure. Each is significant at the 1 percent level.

4. The ranking of economies by structural drivers cannot capture

changes in the nature or quality of a driver, however. A stable rank

by inward foreign direct investment for a country, for example, may

coincide with a change in the orientation of the investment from

domestic to export production or from manufacturing to services.

5. With all its simplifications the Scoreboard manages, with parsi-

monious use of data, to identify and provide information on impor-

tant structural features of industrial performance. The trends revealed

are reassuring, since it would be difficult to take seriously an exercise

that yielded intuitively implausible results. Even so, some detailed

findings are unexpected. Much can be done to improve the

Scoreboard, of course. New variables can be added as meaningful

and comparable cross-country data emerge. The measures can be

refined-say, with finer disaggregation of technological categories in

production and exports. And they can be extended over longer peri-

ods, which would give a clearer and more robust picture of trends

and lags. Future editions of this report will carry improved versions of

the Scoreboard.

6. Patents taken out internationally are often used as a measure of

inventive output of high quality (for example, by Cantwell and Janne

1998 and Porter and Stern 2000). But the use of patents-domestic

or international-as an indicator of inventiveness is subject to

caveats. Many patents are not exploited and so do not constitute

"technology" in terms of practical application. Even the number of

patents used in production may not indicate their economic signifi-

cance. But because taking out patents in the United States is expen-

sive, the practice tends to be confined to large innovators likely to

exploit the patents in their activities or use them as a legal instru-

ment for trading technology with other companies. This makes inter-

national patents a better indicator of inventiveness than local

patents.

7. The Scoreboard uses R&D as the variable for technological effort

because it is more relevant to developing countries than patenting in

the United States.

8. This diversity is not surprising, as benchmarking (with indicators

normalized by population) leads to fairly low scores for all these coun-

tries. But the underlying structural differences have to be borne in

mind when using the Scoreboard for further analysis.

9. The two ratios-R&D spending per unit of high-tech exports and

R&D spending per unit of inward foreign direct investment-are

strongly correlated, with a coefficient of 0.745 in 1998.

10. But note the enormous difference in R&D per capita between the

Republic of Korea ($5.90) and Japan ($100.40).

11. See, for example, Best (2001), Hobday (1995), Lall (1996) and

Mathews and Cho (2000).

12. Wong (1999b); Rasiah (2000).

13. OECD(1999a)
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14. Although the R&D measure is perhaps a crude one with respect 19. Wells and Wint (1990); Barry (1999); O'Hearn (1998).

to informal technological effort, there is still likely to be a real corre-

lation between R&D and the intensity and quality of informal effort. 20. UNCTAD (2000).

15. The unmeasured influences captured by the developing country 21. Cimoli (2000).

dummy variable grow less important over time. Thus while being a

developing country had a negative effect on performance in 1985, 22. UNCTAD (2000).

this effect vanishes by 1998, when structural drivers explain much of

the variation in performance. 23. Spar (1998).

16. This is based on data from the Hong Kong Census and Statistics 24. UNDP (2001, box 4.2).

Department (http://www.info.gov.hk/censtatd/eng/h kstat/h kinf/

production/productionjndex.html). The index of production for all 25. See for example Lall (1996).

manufacturing industry stood at 103.1 in 1999 and 100.9 in 2000,

with 1986 = 100. 26. Lall (2001 b)

17. The data are from Banco de Chile (http://sie.aplicaciones.cI/ 27. Lall (2001 b).

basededatoseconomicos/900base.asp?usuldioma=l) and are in con-

stant Chilean pesos. 28. Lall and others (1997).

18. These examples illustrate how the balance between industrial 29. Lall (1999b).

performance and its drivers may be interpreted and used. But the sim-

plifications and approximations inherent in many of the measures 30. Lall (1999b).

must always be borne in mind: the Scoreboard is meant as a prelim-

inary guide, not as a honed tool for precise measurement. Moreover, 31. Lall (2001 b).

its practical use requires the analyst to adapt it to specific needs and

to seek more information.
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COUNTRIES CAN SUSTAIN INDUSTRIAL GROWTH TODAY ONLY IF THE

key players-individual enterprises-are able to
develop competitive capabilities. Building capabilities

requires conscious technological and other effort. And this
effort is not very different whether an enterprise is creating
new technologies or learning the efficient use of technologies
brought from other countries. Whether such effort is under-
taken, and how well it is managed, varies from enterprise to
enterprise, according to its management, strategy and
resources. But it also depends vitally on the economic envi-
ronment in which the enterprise functions.

The environment reflects complex interactions among the
incentives, factor markets and institutions facing an enter-
prise. Incentives are the signals emanating from the market:
competitive pressures at home and abroad, growth prospects
and the like. Factor markets include all the inputs that enter-
prises need, from information and capital to skilled and
unskilled labour, components and infrastructure. Institutions
are both the rules of the game (legal and cultural) and the
intermediary agencies (standards, quality, training and so on)
that supplement or embody factor markets. Each country has
its own mixture of incentives, factors and institutions, reflect-
ing its history, policies and business practices. These form an
innovation and learning system. A strong system tends to pro-
duce a larger number and diversity of competitive industrial
enterprises, a weak system relatively few.

The primary incentives for technological effort arise from
competition, which reflects the structure of the market and
government policies on trade, foreign direct investment,
ownership and domestic competition. A more competitive
setting generally results in greater technological effort, with
one important caveat-there may be legitimate reasons to
protect infant industries to help them overcome the initial
costs of learning (see below). Flexible and responsive factor
markets are vital to building and deploying industrial capabil-
ities. Clear and supportive rules of the game induce enter-
prises to make long-term investments in innovation and
learning. And efficient intermediary institutions are essential
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to help enterprises undertake the kinds of effort they cannot
manage on their own. The learning process for the enterprise
remains difficult and uncertain, but its progress and
dynamism depend on the system in which it is embedded.'

Countries undergo costly, uncertain, prolonged and unpre-
dictable learning, even when the technologies are well known
abroad. Entry into different technologies involves different
innovation and learning processes, and the difficulties rise with
the depth of capabilities acquired. Just opening to interna-
tional trade, investment and knowledge flows does not ensure
that countries learn efficiently, though many policy analysts
often assume that it does. And when a new technology is
launched, using it in production does not by itself ensure that
enough learning occurs. In other words countries need to
engage in purposive and directed effort to create new capa-
bilities and to capture the externalities generated by collective
learning. They have to provide ample access to new informa-
tion and knowledge, but they also have to promote domestic
investment in learning.

National industrial innovation and learning are path-depend-
ent and cumulative. The initial base of capabilities and learn-
ing determines how well countries cope with new
technologies. Patterns of specialization are difficult to change
quickly. Growing national technological maturity requires the
industrial sector to move from easy to complex technologies
and, within given technologies, from know-how to know-
why. At each stage, there may be costs, risks, delays and exter-
nalities, all likely to rise at higher levels of technology and
capability development.

In the less developed countries incentives are often skewed,
factors lacking and support organizations missing or irrele-
vant. This makes triply daunting the challenges facing the
smaller enterprises that dominate these economies.

This chapter looks at the process of innovation and learning
at the enterprise and cluster level. It shows what it takes for
enterprises and clusters of enterprises to become competitive



in today's fast-moving global economy. It focuses on efforts
to link up with global players to acquire new technology-
and to leverage those acquisitions in ways that get as much
as possible from the new relationships.
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Becoming competitive does not mean seeking temporary
advantages that can raise market share for a short period
through currency depreciation and wage cuts that tend to
forgo longer run possibilities-known as the low road to com-
petitiveness. Sustaining growth in the long run entails
strengthening competitive advantages and building new
capabilities on the high road to competitiveness. In today's
technology-driven world, whether a country takes the high
road depends mainly on the extent and efficiency of its enter-
prises' enhanced adaptive capabilities to deploy new produc-
tion and management technologies, upgrade them over time
and ultimately create new technologies. This whole set of
activities and capability building is here termed innovation
and learning.

Enterprises do not build industrial capabilities on their own.
They react to signals from markets. They draw on information,
skills and inputs from others-not just suppliers and customers
but also competitors. They raise funds in capital markets to
finance innovation and learning activities. They seek skilled
workers from labour markets, at least where the local econ-
omy has the new skills they need. They similarly seek special-
ized technical assistance from technology institutions like
standards and quality agencies, research and development
(R&D) institutes and universities and technical extension bod-
ies. Innovating and learning are interactive processes that
work best in dense networks of efficient enterprises, institu-
tions and markets.

Enterprises thus innovate and learn as parts of a collective
larger, interconnected group2 They have to manage and
adapt their internal systems of control, interaction, informa-
tion and effort to absorb or create new understanding. Each
of them has its own culture and way of doing things, some
better suited to innovation and learning than others.
Adapting enterprise routines to competitive pressures is slow
and evolutionary-not instantaneous, as is assumed in eco-
nomic models of enterprise behaviour.3

Since capability building occurs in specific market and insti-
tutional contexts, its pace, depth and spread depend on the
efficiency of markets and institutions. Not surprisingly, the
process faces more difficulties in developing countries than in
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industrialized countries because of their far greater market
and institutional deficiencies. In many developing countries,
building competitive capabilities even in simple, low-tech
activities is demanding. And technical change is a process of
continually raising the thresholds.

The success of enterprises (and clusters of enterprises) in
upgrading their capabilities depends on many factors, not all
of them under the enterprises' control. Apart from its own
efforts, which count for a lot, it needs access to information
(accurate and current) and to knowledge and expertise. It also
needs infrastructure-in the form of, say, basic and depend-
able power supplies. If it is an exporter, it needs access to
export facilities, such as a reliable airport, and honest and effi-
cient customs services. It also needs intangible infrastructure,
such as efficient corporate administration agencies free of
graft and corruption. Lack of these features all too often bring
down small, local enterprises, despite their best endeavours.

The interactions inherent in innovation and learning constitute
a coherent (if chaotic) system of incentives, factors and insti-
tutions to which firms and clusters respond in their techno-
logical effort. Reflecting the quality, density and interaction of
the various elements, such systems can differ greatly in their
ability to stimulate or retard innovation and learning. And
given market and institutional failures, their efficacy also
reflects the impact of government policy on the various ele-
ments. Governments can improve some elements of the sys-
tems. More important, they can coordinate the many elements
to form a coherent strategy for industrial and technological
development. Where this has been done efficiently, as in some
East Asian economies, the results have been spectacular.4

If technology exists elsewhere and it can be transferred, surely
all that developing countries need to do is to allow it to flow
in? According to conventional wisdom, this requires countries
only to open their economies to inflows of investment and
knowledge, set the framework conditions right and allow com-
petitive markets to allocate foreign and domestic resources to
their appropriate uses. Competitiveness must follow if these
things are done. In this view technology is considered some-
thing of distinct and separate concern only to economies at the
frontiers of basic research and innovation: processes of tech-
nological change and innovation are not thought central to
development efforts.

This greatly oversimplifies the industrial process. It assumes
that technologies can be fully embodied in machines, blue-
prints, instructions and so on, and moved like physical prod-
ucts to new locations and deployed efficiently without further
effort. This can be very misleading, for technology has many
tacit elements that require a new user to build skills, knowl-
edge and institutional routines (capabilities). Mastery of these



tacit elements is needed everywhere, but it is particularly dif-
ficult in developing countries, where enterprises lack the ini-
tial base of technical skills and knowledge on which to graft
new technology. Enterprises have to learn to learn. 5 And there
often is fairly little in the local industrial environment sur-
rounding them that can help them in their learning process.

The capability-building process is uncertain and incremental,
thus far removed from the optimizing process of textbook the-
ory with known and certain outcomes. How efficiently tech-
nologies are used depends on the efficacy of this evolutionary
effort. There is no predictable learning curve for all enterprises
to travel down.

Enterprises do not have a clear knowledge of the available set
of technologies or of how to operate any new technology effi-
ciently. Finding the right technology at the right price involves
cost and risk, particularly for enterprises in a developing coun-
try. Using the new technology involves further effort to master
its features: it entails search, experimentation and new infor-
mation and learning. Making the technology work efficiently
under new conditions involves further effort to adapt it to local
demand, scalesof production, worker skills and raw materials.

Technological effort does not end with mastery. All tech-
nologies can be improved by minor adjustments, calling for
further effort and new capabilities. If the international fron-
tier in the technology moves ahead-as it nearly always
does-the firm has to adapt and master the new versions to
stay competitive. At some stage, a dynamic enterprise may
separate its monitoring, learning process, improvement and
related functions into a separate formal R&D department,
with its own budget and management. This department need
not devote itself to creating 'breakthrough' innovations.
Much R&D, even in developed countries, is devoted to mon-
itoring, copying and adapting the innovations of others. And
in developing countries the main function of R&D is to lever-
age, learn, adapt and improve imported technologies.

While using any new technology effectively involves building
new capabilities, the uncertainty and difficulty vary from case
to case. And they rise with the complexity of the technology
and the novelty of the effort. The effort depends on three
things: the initial capabilities of the enterprise, the support it
can draw upon from the enterprise's environment and the
novelty of the technology relative to its existing stock of
knowledge. The same technology may be almost costless to
absorb for an enterprise in an industrialized country but very
costly and difficult to learn for an enterprise in an industrial-
izing one.

Technological efforts can occur almost anywhere in the
enterprise-in R&D, on the shop floor, in process or product

engineering departments. The ideas and impetus may come
from these units or from marketing, procurement or quality
management. They may also come from outside the enterprise.
Indeed, much technical information comes from equipment and
material suppliers, contractors and buyers (particularly from dis-
criminating foreign buyers). And some can come from exten-
sion services, technology institutions, universities, trade fairs or
even competitors. Ultimately, however, capability building is
institutional: it has to reach through the whole enterprise and
reach all members-otherwise it cannot affect performance.

A very similar process of capability building has to take place
in such non-technical functions as marketing, procurement,
training and financial management. The technical and other
processes have to interact and influence each other, since
building capability often involves changing institutional
processes or routines and launching new ways of managing
information and people. The organizational aspects of inno-
vation may be as important as the technical6

The whole innovation and learning process is a conscious and
purposive activity-and often uncertain, costly and difficult
activity-by the enterprise interacting with the environment.
That is why this report treats innovation and learning as dif-
ferent aspects of the same process of building new capabili-
ties (table 5.1).
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Enterprises in developing countries generally start the innova-
tion and learning process by importing new technology; they
then invest in building their capabilities to master the tacit ele-
ments (figure 5.1). How much they invest depends on the
incentives thrown up by markets, mainly by the competition
faced in foreign and domestic markets. Enterprises draw upon
internal and external resources to build their capabilities. The
process starts with capabilities needed to master the technol-
ogy for production purposes and may deepen over time into
improving the technology and creating new technology.

Linking, leveraging and learning captures what firms-and
countries as well-have to do to foster their technological
development. 7

o Linking-connecting with outsiders to acquire needed
technologies and skills.

o Leveraging-going beyond arms-length transactions to
squeeze as much as possible from the new relationships
with those outsiders.
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Production
Nature of Investment Industrial
capacity building Pre- Project Process Product engineering
strategy and effort investment execution engineering engineering and HRD
Basic

Simple, routine: based mainly Pre-feasibility and Routine engineering Debugging plant; Assimilation of basic Workflow scheduling;
on internal effort and feasibility studies, of civil works, routine process product design; time/motion studies;
experience site selection, ancillary services, coordination; product quality innovative

scheduling, erection and quality management; management and management and
arranging commissioning routine maintenance; certification; minor optimization; skill
finance process quality adaptations to upgrading

certification meet market needs and training

Intermediate

Adaptive, duplicative: Search for sources
based on search, experimentation of technology,
and Inter-firm and other equipment.
cooperation Contract

negotiation

Advanced

Equipment
procurement,
detailed
engineering,
staff recruitment
and training

Capacity stretching;
adapt/improve
tech nology; use new
techniques (JIT,TQM,
etc.); routinized
process engineering;
preventive
maintenance

Product quality/
design improvement;
licensing new
technology; reverse
engineering;
continuous
monitoring of global
technologies

Continuous and
systematic
productiVity
analysis and
benchmarking;
skill audit and
formalized training;
supply chain/logistics
management;
advanced
inventory control

Innovative,
risky: based
on purposive
effort, R&D
and advanced
forms of
collaboration

Own project outline
and design capability.
World class project
management
capabilities

Basic process
engineering,
equipment
design and start up.
Turnkey capability

Continuous
process improvement;
process innovation;
basic research; use
of new process
design methods.
Organizational
capacity for
generating, codifying,
socializing
knowledge

Mastery of product
design methods; new
product innovation;
basic research.
Strategic alliances.
Organizational
capacity for
innovation and
risk taking

World-class
industrial
engineering
and supply chain
capabilities,
training systems,
inventory
management

Source: Basedon Lall (1992).
Note: HRO is human resources development. This is only an illustrative list of capabilities within a manufacturing firm. It does not include several types of capability, such as financial
management, labour relations, logisticsand so on.

o Learning-making the many efforts to master process and
product technologies, consciously building the foundation
for improving current technologies-and creating new
ones.

Enterprises have to start somewhere. Most latecomer
enterprises in developing countries start with few resources
and few connections. They need to acquire a minimal com-
plement of skills, resources and capabilities just to be players.
How this is done depends on a variety of circumstances. An
enterprise may be a traditional supplier to an enterprise in a
traditional industrial sector like textiles that is suddenly hit by
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policy reforms that bring in foreign competition-or gets
taken over by a more enterprising entrepreneur, It may be a
staid family operation that is taken under new management
by a son or daughter who has received a business education
abroad. It may be a government-owned enterprise that is pri-
vatized, beginning life anew in a competitive world,

Whatever the process, enterprises have to start with its initial
complement of resources, technologies, skills and capabili-
ties. And it is what it does with these things that counts. The
most important thing that an enterprise can do is to acceler-
ate its acquisition of capabilities by looking overseas to obtain



Technology
Domestic Foreign

Marketing
Domestic Foreign

Local procurement
systems and
procedures,
drawing in
available
knowledge from
institutions

Foreign sourcing;
information from
suppliers; industry
networking;
accessing public
information

Market research;
distribution and
servicing
systems; sorne
advertising

Export market
analysis; links
with buyers
and other ex-
port channels.
Design/
packaging
capability

I provide answers to the questions: Where are we, and where
do we want to go? This step also includes the identification of
partners with whom capability enhancement is feasible. The
leveraging phase requires a strategic choice and specifies the
means of knowledge acquisition. It answers questions of the
type: How do we get what we want7 The final step involves
the actual process of capability enhancement through learn-
ing. Different forms of learning are feasible-there is learning
by doing, learning by interacting, learning by monitoring,
learning by formal training. The choice will depend on the type
of linkage and leverage involved. The learning process is diffi-
cult and complex; it lies at the heart of the arduous process of
industrial innovation and development.

Technology transfer Vertical
to and from local technology
suppliers/buyers; transfer;
coordination in systematic
design and coordination of
manufacture; international
links with knowledge
technology and sources; links
other institutions. with technology
Capacity to take institutions
collective action overseas

Continuous links Cooperative R&D;
with R&D strategic alliances;
institutions and advanced
universities. leveraging
Licensing own strategies for
technology to new technologies.
others. Deep Foreign
innovative links acquisitions,
with other direct investment
firms. Specialization
in context of
networks and
clusters

Dedicated
marketing
department.
Systematic
monitoring,
feedback
analysis.
Branding and
differentiation

Advanced brand
creation;
coordination
with retailers!
buyers;
advanced
distribution
systems

Systematic
market
building and
analysis of
foreign
markets.
Alliances and
networks
abroad. Brand
introduction.
OEM
arranqements

Brand
deepening.
ODM and
OBM arrange-
ments. Own
marketing and
design
channels and
affiliates
abroad

Capturing linkage opportunities is thus just half the story for
latecomer enterprises in developing countries. The other
aspect is the way that enterprises use the links established to
leverage skills, knowledge and technology from the enter-
prises contracting with them. This is what drives the process
of technological innovation within a networked system.

So, if resources are lacking, leveraging them from external
sources is the obvious way to proceed. The concept of resource
leverage comes from strategic management of firms8 The con-
cept has been used as a means of explaining how the best com-
petitors in the world stay abreast of new developments, by
ensuring that through alliances and various forms of joint ven-
tures, they identify and secure access to the resources needed
to keep diversifying their product portfolio. But the same idea
underpins the strategy of enterprises in developing countries9

Using technology better

For enterprises using existing technologies at levels below best
practice, innovation and learning can lead to better use of tech-
nology-to higher capacity use, lower reject rates, reduced
inputs or improved product quality. Much innovation in devel-
oping countries is of this type. And it does not require much in
new investment-critical here are the learned capabilities.

information, purchase machinery, acquire bits of technology,
bring in consultants and so on. An important part of this can
be linking up with other enterprises or institutions, locally or
overseas, through formal or informal ties (box 5.1).
Strategically it makes a lot of difference what choice is
made-but the choices are also heavily constrained by the
enterprise's competence and the options available to it.

The linking, leveraging and learning strategy of industrial inno-
vation has to start with an in-depth analysis of key factors of
competitiveness, and the various options for linking a devel-
oping firm to sources of knowledge. This linking stage has to

Bedi Investments in Kenya exemplifies an enterprise in a new
phase of its technological learning trajectory. A textiles and gar-
ments producer, Bedi has been building its basic competences,
using international standards-in this case International
Organization for Standardization (ISO) 9000 quality manufac-
turing standards-as its benchmark. Such standards represent
the minimum attributes an enterprise needs to enter world
markets and claim a place in global networks.

Bedi was established in 1972 by a Kenyan entrepreneur as a
small family-run garment firm producing for the local mar-
ket.1o Over the years, it integrated backward into making fab-
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ries and yarns-and emerged as one of the most modern inte-
grated textile-garment plants in the country. Now managed
by the founder's three sons, all graduates in engineering or
business from schools in the United Kingdom, it has a good
base of technical staff by local standards (2 percent of
employees are engineers and technicians).

Bedi's adoption of ISO 9000 in the early 1990s was stimulated
by a foreign buyer that provided Bedi with information about
the ISO programme and helped with implementation. Initially,
the buyer arranged for an audit by a qualified consultant from
abroad. It then helped Bedi implement the post-audit changes,
including purchases of new equipment, calibration tests, train-
ing of workers and quality personnel and a detailed monitoring
system. The buyer also helped Bedi with verification and certifi-
cation by an independent accredited agency. In 1994 Bedi had
a 26-strong quality control department (7 percent of employ-
ees), and its internal reject rate was under 1 percent. The ISO
9000 system doubled Bedi's labour productivity growth to 6
percent a year (between 1984-1989 and 1989-1994).
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Bedi now has good capacity to search and negotiate terms for
imported technology. It has one of the best production capabil-
ities in the Kenyan garment industry (a strong emphasis on qual-
ity control, well-maintained equipment, negligible equipment
breakdown rates and frequent changes in plant layout). And it
has good technological linkages with foreign buyers and equip-
ment suppliers. But it still lacks independent design capabilities,
relying heavily on foreign buyers for product designs, common
for enterprises in the early stages of export development.

Another good example comes from Tema Steel, set up by the
Ghanaian government in the late 1970s to smelt steel from
scrap and to make billets and rods for the construction indus-
try." A British firm set up the plant on a turnkey basis with
almost no participation by local personnel. The turnkey sup-
plier recruited and trained staff, but the local base of steel-
making capabilities was practically nil. One of the two blast
furnaces could not be made to work, the layout was highly
inefficient and the training was insufficient to ensure the
smooth operation of the technology.



The interlinked character of economic systemsprovides the opportuni-
ties for enterprisesto make connections with potential sourcesof tech-
nology and skills.Enterprisesoperate in clusters,or in value chainsof one
kind or another, some implicit, others explicit, some tightly organized,
others not. Some links involve providing servicesdirectly to a leading
enterprise,either upwards in the valuechain asa supplier,or downwards,
as a distributor (based frequently on FDIarrangements). Some involve
outsourcing and original equipment manufacturing (OEM) contracting.
Some involve technology licensing. Eachof these representsa strategic
choice for the lead enterprises, but it is preciselythese choices that cre-
ate opportunities for developing country latecomers, which they are
quick to seizeand to turn into opportunities for leveraging and learning.

FDllinks: forward and backward linkage

The simplest linkages involve being engaged in contractual supply of
goods or services.Transnationals moving into a new market usually
need local firms as suppliers of maintenance servicesor as suppliers of
simple materials and components. These can be upgraded to encom-
passmore demanding tasks, involving more added value, asthe incum-
bent builds longer term relations. Theseare captured in many countries
as "vendor partnership" programs-such as the Intel vendor partner-
ship program with supplier firms in Malaysia. These are all described
as backward linkages.

Correspondingly, forvvard linkages can be established when a local
enterprise takes on the distribution of a product range for an existing
incumbent, often on an exclusive basis in the local enterprise's domes-
tic market. Many of today's giants from the developing world, such as
the information technology firm Acer from Taiwan Province of China,
began life as such simple distributors of advanced enterprises' prod-
ucts, taking advantage of these forvvard linkages to leverage knowl-
edge and market accessfrom their partner.

Outsourcing

In the 1960s and 1970s advanced firms in industrialized countries

Source: UNIDO.

Later, an Italian consultancy was brought in, again on a
turnkey basis, to set up an expensive casting machine and a
foundry. It also changed the rolling mill to enlarge its prod-
uct range, making its operation even more complex. Again,
given the lack of local capabilities, neither the casting
machine nor the foundry could be brought into operation by
Tema Steel, and operational efficiency declined even further.
Some 17 years after starting, the plant was running at only
10 percent of design capacity, with much of its main equip-
ment unused, resulting in high costs and enormous losses.
Much of the plant in use was badly in need of repair and
upgrading. Very few qualified steel technicians or engineers
were on staff, and the staff received practically no training.
There was no systematic attempt to learn the technology bet-
ter or to bring in new knowledge from outside. There was no
supplier or consultancy industry locally for steel making, so
there was no networking with other enterprises. As a result,
few competitive capabilities were built over the 17 years of
operation.

exported some of their manufacturing of mature products to low-cost
production platforms in Asia and Latin America, as many garment
companies did with the cutting and sewing parts of their value chains.
Latecomer countries benefited from these decisions in raising their
"social capital", and soon individual latecomer enterprises were bid-
ding for parts of the manufacturing cycle, as for testing and packag-
ing activities in the semiconductor industry.

OEM contracting can be considered a form of outsourcing where the
activities contracted to a third party are critical, high value-adding
parts of the process entailed in contracting to manufacture the entire
product. Electronics and information technology companies like IBM,
Apple, or TexasInstruments outsourced the production of entire prod-
ucts like personal computers to latecomer firms in EastAsia, securing
strategic advantages in low-cost production, but also offering the
latecomers valuable learning and leveraging opportunities. Many per-
sonal computer firms in Taiwan Province of China-Acer, Mitac and
Tatung-established themselves with the help of such OEM
contracting.

Second sourcing isa related concept, where a supplier of critical high-
tech products like memory chips or logic chips seeksan outside "sec-
ond source" to back up its own supplies (in case of problems in
meeting a customer's order) or to take over the more mature prod-
ucts as the innovator moves on to the newer products. Again, this
strategy on the part of incumbents creates numerous opportunities
for an agile latecomer to grasp a businessopportunity and use it as a
leveraging and learning experience.

Technology licensing

Samsung from the Republic of Korea got into semiconductors by
securing a product design from Micron, a small U.S. firm. Later,
Samsung secured accessto microprocessor technology by licensing it
from DEC(which became part of Compaq, which is now part of HP).
DEe's interest was served by widening the field of applications for its
Alpha chip.

In 1991 the plant was sold to an Indian steel company, which
brought in 17 employees with experience in steel (only two
were graduate engineers) to take charge of the technical func-
tions of the plant. With very little new investment in equip-
ment, the new employees started to refurbish the machinery
and improve maintenance and every area of operations.

Within a year capacity use was up threefold, with the rolling
mill working two shifts and the furnaces three shifts for six days
a week. The blast furnace that had never been used was com-
missioned by changing a few controls. The first furnace was
upgraded to run continuously. The continuous casting machine
was also brought into operation by inserting some missing
items that the previous technicians had not even been able to
identify. Various motors that had died from neglect were refur-
bished and put into use. The foundry was commissioned, and
new refractory products developed. Quality management was
improved to match UK standards (and so meet import compe-
tition). Training programmes were launched in-house for local
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staff in all technical functions, because most of the Indian tem-
porary staff were due to return home in another year or two.

Tema shows what capabilities do for the operation of
imported technology. It also shows how learning can be
transfered from one developing country (where considerable
learning had taken place) to another (where almost no learn-
ing of that kind had occurred).

Adapting and improving processesand
products

Other manifestations of innovation and learning are improve-
ments and adaptations to products and processes, drawing on
in-house technical efforts, outside sources of knowledge and
interaction with leading international enterprises. Minor
improvements and adaptations are part of gaining capabilities in
efficient production. But major improvements and adaptations
require higher levels of enterprise skill and competence-and
generally a more advanced industrial system and infrastructure.

Tatung, the largest electronics manufacturer in Taiwan
Province of China, was one of the country's leading industrial
conglomerates in the 1990s.12 In 30 years it had advanced
from making simple consumer electronics (black and white tel-
evisions) to computers, colour displays and television moni-
tors. By the mid-1990s its electronics sales exceeded $1 billion
and it had eight overseas subsidiaries (including those in the
United States, Japan, Germany and Ireland).

Tatung initially assimilated manufacturing know-how by
acquiring mature process technologies for household appli-
ances and consumer electronics from U.S. and Japanese com-
panies through technical assistance deals and joint ventures.
It later learned many of its technological skills through origi-
nal equipment manufacture or OEM, whereby Tatung under-
took contract manufacturing of electronics products for
foreign transnationals, for sale under their own brand names.
Transnationals often assisted Tatung with selecting equip-
ment, training engineers and providing advice on technology
and management for OEM.

By the late 1980s Tatung was exporting about half its colour
televisions, personal computers and hard disk drives under
OEM. Most of this embodied little original R&D, but the com-
pany invested considerable effort in assimilating technology
and closing process and product technology gaps with its com-
petitors. It developed the ability to absorb and adapt advanced
foreign technology and modify, re-engineer and redesign con-
sumer goods for different types of customers in regional mar-
kets. Its in-house engineering capabilities were used to scale
down production processes, adjust capital to labour ratios and

100 Industrial Development Report 2002/2003

implement continuous improvements in production technol-
ogy. By the 1990s the firm had a SOO-strong team of engi-
neers and technicians doing applied R&D.

Having established sales offices in industrialized countries in
the 1970s, Tatung later set up overseas production facilities
to improve its competitive position in those markets, rein-
forcing its brand image and acquiring advanced technologies
and skills. By the mid-1990s it had eight manufacturing oper-
ations abroad making televisions, washing machines, refrig-
erators and other household items. Thus by establishing
plants overseas, Tatung now exports technology.

Moving up the value chain

An enterprise in the initial phases of industrial development in
the typical developing country starts with simple assembly and
packaging operations. If very successful in deepening its skills
and capabilities, it can move into more complex manufacture-
say, of critical components, which can be at a much higher tech-
nological level, involving far more sophisticated process
management and larger scales. Semiconductor enterprises in
Malaysia made such moves up the value chain, as affiliates of
leading transnational corporations upgraded their facilities to
run state-of-the-art processtechnologies at massivecapacities.13

Further moves up the value chain are possible-right up to
invention. The enterprise can do process or equipment design
in complex technologies, take on product design and engi-
neering and finally do basic or blue skies R&D. Most leading
local enterprises in the Republic of Korea and Taiwan Province
of China have reached this stage, as have many affiliates of
transnational corporations in high-tech industries in
Singapore. A similar progression is also possible in services-
and does not need a highly developed industrial network or
infrastructure. But there is still a discrete learning process that
has to be undergone and financed. And having a base of skills
outside the enterprise is critical.

ArtinSoft is one of the world's leading providers of database
and programming language migration software. Its main
product ("Freedom") is a programming tool that uses artifi-
cial intelligence technologies to enable enterprises to change
their software systems into newer computing languages
(Java, the Internet language; and Visual Basic, Microsoft's
prime language). In eight years the firm has grown from three
penniless new graduate engineers and their professor to a
200-employee enterprise, which has attracted the attention
of global players such as Oracle and Intel.

Founded in 1993 and located, with two computers, in a rented
farmhouse in the hills, the company was a spin-off of the



Institute of Technology in Cartago, Costa Rica. A teacher with
a Ph.D. in artificial intelligence encouraged three of his best
master's students in computer science to pursue his vision-
the development of fast, secure and cost-effective migration
software. To support their research, the foursome developed
a "bread and butter" product, an Enterprise Resource
Planning and Scheduling software product to support larger
Costa Rican businesses. Close proximity to the clients, low cost
and accessibility (in Spanish) made it a commercial success in
Costa Rica and the region. With this product ArtinSoft
acquired the experience and capital to develop "Freedom."

In 1998 Oracle asked one of its main clients, a large European
software company, to approach ArtinSoft to manage an
important migration project. The project was completed suc-
cessfully and at very low cost. This gave it the opportunity to
interact with world players and build a global reputation. It
later attracted the attention of Intel Communications fund,
which invests in companies working on porting applications.
In February 2001 the Fund invested in ArtinSoft to upgrade
and develop new migration systems to bring the applications
closer to Intel's technologies.

ArtinSoft benefited from being in Costa Rica, which has one
of the most qualified information technology workforces in
Central and Latin America. This is so in part because the gov-
ernment's Informatica Educativa scheme, which provides
each school with at least one computer and helps youngsters
to develop skills in the new information technologies.

Moving into more complex activities

While all technologies need effort to leverage and learn, clearly
there are differences in the intensity, cost, risk and duration of
effort involved. All industries, even the simplest, have relatively
difficult functions (clothing design) and all have relatively sim-
ple ones (final assembly and packaging). However, it still
makes sense to describe an activity as "easy" on average if it
has a preponderance of relatively simple functions. This is the
justification for the divisions of high, medium and low tech-
nology. The greater the role of difficult technologies, the
higher the level of technology in this sense. Final assembly and
packaging are relatively easy functions in most industrial activ-
ities. Making critical components in large volume is more dif-
ficult. Designing new products or processes is even more
difficult, while innovating on the frontiers of knowledge is the
most difficult of all. At each stage, the building of capabilities
becomes more difficult and costly, with growing demands on
the supporting industrial environment and institutions.

Easytechnologies can be learned fairly quickly, with few new
skills, small amounts of new information and minor changes

to organization. The assembly of clothing for export is easy in
this sense. With a semi-skilled and disciplined workforce and
a few knowledgeable technical and managerial staff, it is pos-
sible to set up a plant and reach competitive standards in a few
weeks or months.

By contrast, difficult technologies need a long time and con-
siderable accumulation of skills, knowledge, experience and
organizational changes to master. The ability to efficiently run
a large steel plant, a modern automobile factory (not a sim-
ple assembly plant) or a complex machine-tool manufactur-
ing facility can take many years of cumulative capability
building. Enterprises cannot become competitive without
going through this process-no matter what their level of
development.

Interactions among the three main areas of technological
capability-production, investment and innovation-are also
essential in moving into more complex activities. Operating
productive facilities makes it easier to expand those facilities
or to establish new ones. Such production and investment
capabilities make it easier to develop new technologies that
are cheaper and better suited to local conditions. And that
innovation capability makes it easier to improve operations
and undertake new investments.

Activities differ not only in their technological needs but also
in the economic rewards they yield: in general, technologi-
cally complex activities yield greater development benefits to
successful adopters, at both the firm and economy levels.
Complex industrial activities offer greater scope for
learning-and lead to learning more advanced and diverse
skills. Technology-intensive activities generally offer better
prospects for the continued application of new knowledge to
production. So, activities that rely heavily on R&D (and have
greater technological opportunity) enjoy a larger stream of
innovations and so faster rises in productivity.

Note that the borders between these capabilities are
blurred-and that their difficulty is in the eye of the beholder.
Once possessed, the capabilities look easier. And as firms
learn, what seemed difficult, or looked impossible, becomes
easier. Unless they run into a technological brick wall.

Combinations and progressions

Brazil's Usinas Siderurgicos de Minas Gerais SA (Usiminas)
shows how successful technological development depends
on a long-term effort to build systematically on foreign tech-
nological inputs and on accumulated experience. It also
highlights the uncertainty and unpredictability of the techno-
logical trajectory. Usiminas started with foreign technical
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assistance but quickly absorbed it, adopting the imported
technology and then building a capacity to adapt to the local
operating conditions.Usiminas shows that an enterprise (or a
country) does not need to do everything itself to expand and
modernize its industrial production. It is possible to start with
only the barest production capability and, with that as foun-
dation, to build increasingly the base of other technological
capabilities.14 But this takes time-decades rather than years.
There are no dramatic short-cuts to acquiring technological
competence.

Usiminas traces its origins to the 1950s, when the Brazilian
government and firms in the industrial province of Minas
Gerais wished to build a steel firm capable of adding value to
the region's iron ore production and of feeding steel to down-
stream industrial users. After much deliberation and
intelligence-gathering (such as sending teams to visit foreign
steel plants to gain first-hand experience of different
processes) a decision was taken to start with coke-based blast
furnace technology using a "basic oxygen" process rather
than electric arc technology. Usiminas then entered a con-
sortium with 30 Japanese steel makers and steel equipment
suppliers. The Japanese arranged generous export credits for
the required steel-making equipment and agreed to pass full
responsibility to the Brazilians after they had developed suffi-
cient capability to run the plant.

The firms in the Japanese consortium undertook the basic
engineering and project management of the construction of
the mill, working closely with local managers and providing
training for Brazilian engineers in Japanese steel mills. The
basic capabilities were acquired in this fashion. Start-up oper-
ations proceeded for three years under Japanese oversight.

With the Brazilian takeover a new administrative structure
was put in place, and there followed six years of financial
stringency during which the Brazilian engineers managed to
double capacity without further investment. This was accom-
plished through a variety of testing and experimental
approaches that allowed the Brazilians to "tweak" the tech-
nology inherited from the Japanese. New special steels, such
as thick ship-plate, were introduced through licensing and
technical assistance contracts. These efforts were undertaken
in conjunction with intensive benchmarking of the plant's
technical performance and procedures against foreign plants,
in an effort to close the gap between the Usiminas operation
and the world technological frontier.

Next came a period of expansion, as the government invested in
greater capacity and asthe market for the plant's steel expanded.
The company had to develop a set of capabilities associated with
investment, planning and project implementation, quite differ-
ent from the capabilities involved in plant operation. The com-
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pany's specialist engineering department was expanded to
achieve these goals, working this time with a variety of equip-
ment suppliers as well as the Japanese, and having foreign
experts review the expansion plans as a precautionary measure.
The company was by now providing technical advice to its down-
stream users,so much that it spun off a new business, Usiminas
Mecanica, as a subsidiary to produce capital goods for the steel
industry and foster the use of steel in Brazil's machinery and con-
struction sectors. Bythen the company was in a position to export
technical servicesto neighboring countries.

Technological capability within Usiminas reached the point
that early in the 1990s the company could be successfully
passed across to the private sector, where it has continued to
perform well. By the late 1990s it was one of the top steel
groups in Latin America.
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The need for innovation and learning exists in all cases, even
when the seller of the technology provides advice and assis-
tance. But the extent and costs of learning vary by technol-
ogy, enterprise and country.15 Innovation and earning call for
conscious, purposive and incremental efforts-to collect new
information, try things out, create new skills and operational
routines and forge new external relationships.16 This process
is strikingly different from textbook depictions of how tech-
nology is transferred and used in developing countries.
Summarized here are the nine most important features of
technology capability development.17

1. Conscious and purposive. Learning is a real and significant
process. Vital to industrial development, innovation and
learning are primarily conscious and purposive rather than
automatic and passive.

2. Risky and costly. Enterprises do not have full information
on technical alternatives. Instead, they function with imper-
fect, variable and rather hazy knowledge of technologies
they are using. As a result, there is no uniform, predictable
learning curve. Each enterprise has a different innovation
and learning experience, depending on its initial situation
and subsequent efforts. Each faces an element of risk,
uncertainty and additional cost in innovation and learning.

3. Not obvious. Enterprises may not know how to build up
the necessary capabilities. In a developing country, knowl-
edge of traditional, stable and simple technologies may
not be a good base for knowing how to master modern
technologies. So, enterprises may not be able to predict



if, when, how and at what cost they would learn enough
to become fully competitive, even if the technology is well
known and mature elsewhere. This adds to the uncer-
tainty and risk of the learning process.

4. Path-dependent. Firms cope with these conditions by
developing organizational and managerial routines, which
they adapt over time as they collect new information, learn
from experience and imitate other firms. So, technological
trajectories tend to be path-dependent and cumulative.
Once embarked on, they are difficult to change suddenly
(for countries and for enterprises), and patterns of spe-
cialization tend to persist over long periods.

5. Highly specific. The innovation and learning process is
technology specific, since technologies differ in their
learning requirements. For instance, some technologies
are more embodied in equipment while others have more
tacit elements. Process technologies (like chemicals or
paper) are more embodied than engineering technologies
(machinery, automobiles or electronics), and demand dif-
ferent (often less) effort. Capabilities built in one manu-
facturing activity may not be easily transferable to
another, and policies to promote innovation and learning
in one may not be very useful in another. Similarly, dif-
ferent technologies can involve different breadth of skills
and knowledge, with some needing a relatively narrow
range of specialization and others a very wide range.

6. Many complex interlinkages. Technological innovation
and learning in a firm do not take place in isolation: the
process is rife with externalities and interlinkages. The
most important direct interactions are with suppliers of
inputs or capital goods, competitors, customers, consult-
ants and technology suppliers. Technological linkages
also occur with firms in unrelated industries, technology
institutes, extension services and universities, industry
associations and training institutions. Many such linkages
take place informally and are not mediated by markets.
Not all are deliberate or cooperative: some learning
involves imitating and stealing knowledge. Where infor-
mation and skills flow around a set of related activities,
clusters of enterprises and industries come together.
Tapping these cluster effects can be very effective in accel-
erating technological competence.

Different technologies have different degrees of inter-
action with outside sources of knowledge (enterprises,
consultants, equipment suppliers or technology institu-
tions). These differences in turn lead to different learn-
ing costs, risks and duration. A set of policies conducive
to the development of one set of capabilities may there-
fore not be suited to another.

7. Many levels of effort. Capability building involves effort at
all levels: procurement, production, process or product
engineering, quality management, maintenance, inven-
tory control, outbound logistics, marketing and other out-
side links. What appear to be routine and easy technical
functions, like quality management or maintenance, can
be very difficult to master in a developing country. Most
learning in developing countries arises in such mundane
technical activities. But formal R&D becomes important in
complex technologies, where even efficient absorption
requires search and experimentation.

8. Many depths of development. Technological develop-
ment can take place to different depths. The attainment
of a minimum level of operational capability (know-how)
is essential to all industrial activity. This may not lead auto-
matically to deeper capabilities, the ability to understand
the principles of the technology (know-why). The deeper
the levels of technological capabilities, the higher the
cost, risk and duration involved. It is possible for an enter-
prise to use imported technologies without developing
the ability to decode the processes to significantly adapt,
improve or reproduce them-or to create new products
or processes. But this is not optimal for long-term capa-
bility development. Without technological deepening the
enterprise or country remains dependent on external
sources for major expansion or improvement to its tech-
nologies-a costly and possibly inefficient outcome.

The development of know-why is an important part of
overall innovation and learning. It allows a firm to select
the new technologies that it needs, lower the costs of
buying them, adapt and improve on them more effec-
tively, add more value by using its own knowledge in pro-
duction and develop autonomous innovative capabilities.
The lack of these deeper capabilities may also restrict an
enterprise's ability to move up the technology scale-
even in using higher levels of know-how in its given activ-
ity, diversifying into other activities or coping with
unexpected demands of technological change. Note that
even good follower strategies, in which enterprises effi-
ciently imitate and adapt technologies developed by oth-
ers (common for efficient enterprises in developing
countries), require good know-why capabilities.

9. Foreign plus domestic. Technological interactions occur
within and across countries. Imported technology pro-
vides the most important initial input into technological
innovation and learning in developing countries. And
since technologies change constantly, access to foreign
sources of innovation remains vital to continuing techno-
logical progress. But technology imports do not substitute
for the development of indigenous capability-the effi-
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cacy with which imported technologies are used depends
on local efforts. Domestic technological effort and tech-
nology imports are largely complementary. But not all
modes of importing technology are equally conducive to
indigenous learning. Much depends on how the technol-
ogy is packaged with complementary factors: whether it
is available from other sources, how fast it is changing,
how developed local capabilities are and the policies
adopted to stimulate transfer and deepening. Transfers
internal to a firm, as from a transnational corporation par-
ent to its affiliate, are efficient means of providing the lat-
est know-how, but they tend to be slow in building
know-why in the affiliate.

To sum up, considerable technological effort is involved in
industrial development. This effort can be called innovation,
since it differs only in intensity and emphasis (not in kind) from
the effort to create new products and processes. Such inno-
vation arises at any point in the value chain-from design and
procurement to production, R&D and marketing.

Chapter 6 shows how firms and countries can build a foun-
dation for ongoing innovation and learning by competing in
global value chains. Chapter 7 describes what governments
can do-legitimately and effectively-to help firms grasp new
opportunities and solve technological problems. Chapter 8
makes the case that building competitive industrial capabilities
needs extensive policy support-spelling out the framework
imperatives, the elements of industrial strategy and the prin-
ciples for government conduct of that strategy.

For further details on sources, information and the literature on sub-

jects covered here, see the background papers.
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2. Enos (1992).

3. Nelson and Winter (1982).
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with sources too numerous to mention.
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9. Mathews (2002).
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13. Rasiah (2000).
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by Nelson and Winter (1982). For extensions and related approaches,

see Dosi, Teece and (hytry (1998) and Metcalfe (1995).

17. Based on lall (2000).
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GLOBAL VALUE CHAINS SPANNING FUNCTIONS, PROCESSES AND

countries provide a means for accelerating the devel-
opment of enterprises and countries, providing open-

ings that developing country enterprises can exploit to
upgrade their capabilities. For such enterprises, or local clus-
ters of enterprises, the task is to insert themselves into the
wider networks. This takes discipline, to attain the higher
world standards. It also takes an initial base of technological
capability, built through purposive innovation and learning.
But the effort should be worth it, for it offers access to mar-
kets and the knowledge of players in the world economy.

The advantage of global value chains is that enterprises can
seek involvement at their level of technological competence.
In Mexico garment producers were vertically integrated in
supplier networks that did not offer much scope for skills
enhancement and innovation. With the North American Free
Trade Agreement (NAFTA), however, buyer groups from the
United States started to create alternative global value chains
that offered enterprises much greater scope for expanding
their functional responsibilities (from narrow job completion
to design and manufacture), termed "full package" produc-
tion. This replicates the experience decades earlier when elec-
tronics and garment contract firms in East Asia pulled
themselves up the capability ladder to higher and higher lev-
els in global value chains.

Competing in a global value chain can build a foundation for
the industrial innovation and learning described in chapter 5.
There are many paths for this:

o Process innovation, improving the efficiency of transform-_
ing inputs into outputs. Internal processes become signif-
icantly better than those of rivals, both within links in the
chain (more inventory turnovers, less scrap) and between
links (more frequent, smaller and on-time deliveries).

o Product innovation, leading to better quality, lower priced
and more differentiated products, as well as shorter times
to market for new products.
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o Functional innovation, assuming responsibility for new
activities in the global value chain. That can involve extend-
ing involvement from contract manufacturing to design
and marketing or incorporating logistics within the con-
tracted work.

o Interchain innovation, moving to new and more prof-
itable chains. Enterprises in Taiwan Province of China
moved from the manufacture of transistor radios to cal-
culators, to televisions, to computer monitors, to laptops
and now to Wireless Application Protocol telephones.

Some enterprises even latch onto several global value chains,
providing further opportunities for linking to local enterprises
connected with them (box 6.1). Such firms lift themselves-
and those connected with them in supply chains-to new lev-
els of performance and quality, driving forward the
momentum of collective industrial development.

Such industrial learning is a long and strenuous process, with no
short-cuts or magic solutions. The global value chains offer con-
venient structures to fashion this process, but they really offer
only a starting point for the enterprise's technological effort.

The metaphor of global value chains captures the links among
enterprises spread across a variety of locations around the
world (figure 6.1). These enterprises perform a sequence of
related dependent activities to bring a product or service from
conception through the different phases of production to
delivery to final consumers and to final disposal after use. The
metaphor of global value chains is now being joined by the
metaphor of value networks of specialist enterprises, suggest-
ing rays fanning out from nodes rather than links in a chain.

The global value chains are not just a teeming mass of comple-
mentary enterprises. They are an organized set of interconnected



The Ammar and Sarah knitwear group, founded in 1982, has been
Pakistan's leading knitwear group since 1988 because of its interna-
tional connections in global buyer- and producer-led global value
chains-and its commitment to state-of-the-art technology and man-
agement. It now hasa knitted products line encompassing men's and
boys' wear and women's and girls' wear in cotton, knitted tops and
bottoms, with and without Lycra, in a broad range of fabric finishes.

Ammar and Sarah's key to securing contracts from global buyers and
producers is using the most advanced computer-aided technology,
whether for washing, dyeing, cutting, knitting or stitching. That gives
it great flexibility and lead time of 45 to 75 days in responding to new
orders (not the full season lag in traditional firms). The company's
major customers are all global buyers (Target, Arrow, Nautica,
Haggar, Eddie Bauer, Vantage, Timberland, Alexander Julian Colors,
Land Rover, Tommy Hilfiger, Nike and Damani Dada) or global pro-
ducers (Levi Strauss and Sarah Lee).

Disposal and recycling

Marketing and sales

Manufacturing

Design and
product development

Why the attraction of Ammar and Sarah? It can exploit its low labour
and infrastructure costs (for as long as they last). It can purchase the
most advanced technical equipment to provide flexible and high-
quality manufacturing services. It can recruit graduates trained in
advanced technical institutes abroad. And its entrepreneurial
founders can put their Harvard businesstraining to good effect. These
are all ways for a new firm to accelerate its catchup. Unlike the incum-
bents, it is not burdened with technologies and practices inherited
from earlier eras.

The prospects for Ammar and Sarah-prepared to make the interna-
tional global value chain connections, to invest in state-of-the-art
equipment and to compete on quality and speed of service rather
than least cost-are promising.

Source: Ammar and Sarah marketing brochure (2000).

networks of enterprises linked with each other through multiple
interactions and linkages-a worldwide web of inter-enterprise
connections. The focus of interest is not just on the enterprises.
It is also on the shifting links and contractual relations among
them. Enterprises expand their product lines, and expand inter-
nationally by forging new links with enterprises already active in
the global economy, dominated by criss-crossing global value
chains encompassing research and development production,
logistics, marketing and exchange, where all the links are
between enterprises rather than between countries.

The global value chain provides two insights about innovation
and learning. First, creating value is not confined to production.
Products are brought to market through a combination of activ-
ities. So, innovation can involve improving capabilities in pro-
duction, developing new capabilities outside production (design
and marketing skills), diversifying customers and market desti-
nations, developing the capacity to introduce new products or
to imitate leading innovators quickly and successfully.

Second, more international trade is taking place between for-
mally independent enterprises in networks than through
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Source: UNIDO.

arm's-length transactions or intra-enterprise trade. The lead
enterprises in global value chains playa major role in organ-
izing trade. They range from the transnational producers that
source inputs from suppliers around the globe to the retail
chains that do not make goods but organize production at
locations around the world.

The impetus for the formation of these global value chains lies
with enterprises in the advanced countries, either as buyers
or producers. But the decision to latch onto these global value
chains, or networks, lies with the latecomer enterprise in the
developing country (figure 6.2). Links are not just between
enterprises. Depending on the specific needs of a firm, it
might be appropriate to link with universities or nonmarket
institutions. The links can also be vertical (backward to sup-
pliers or forward to clients) or horizontal (in consortia).

Crucial factors for latching onto the global supply chain are not
only the hard facts of price, quality and punctuality but also
the willingness to learn and to absorb advice from the lead
enterprises. Global value chains can thus unleash enter-
prises-but they can also constrain them (box 6.2). A strate-
gic perspective seessuch linking and innovation possibilities as
opportunities for enterprises, not as barriers to further devel-
opment. Particularly in manufacturing, the insertion of local
activities in wider networks is a great opportunity for devel-
oping countries to upgrade their capabilities.

The types of global value chains depend on speed of change,
learning needs, scale economies, transaction and coordination
costs, value-to-weight ratios and logistics. "Easy" technolo-
gies can give rise to buyer-driven chains, while "difficult" tech-
nologies with close coordination needs, proprietary
technologies and the like can promote supplier-driven chains
coordinated by transnational corporations. Some analysts dis-
tinguish global value chains that are buyer-driven from those



I Figure6.2 ~~~~~~ I Box6.2 =~~@~Ibi:i@~mih:@

Global
customer

Large-scale,
multi-outlet

retailer

Buyer
(including specilized

buyers and trans-
national

corporations)

National boundary

Local cluster

Source: Kaplinsky and Readman (2000).

Small-scale
retailer

In the late 1960s the Sinos Valley shoe cluster, in the South of Brazil,
was made up mainly of small firms producing for the domestic mar-
ket. With the arrival of buyers from the United States, and stimulated
by local initiatives and Brazilian government export incentives, the
characteristics of the cluster began to change. The buyers looked for
large volumes of standardized products and encouraged a rapid
increase factory size. They also helped their suppliers raise process
standards and product quality. They also eased the considerable risks
of entering export markets. They studied the market, developed mod-
els, worked out the product specifications, helped choose technology
and organize production, inspected quality on site and set up trans-
port and payment arrangements.

The firms in Sinos Valley concentrated on production and the organ-
ization of their own local supply chains, while the buyers were respon-
sible for product definition (and hence, market knowledge) and
logistics. This greatly reduced the investment and risks in entering
export markets, but it also confined firms in the Valley to a narrow
range of functions. Becoming very competent in these functions, they
benefited from rapid growth in export sales in the 1970s and 1980s.
But they also depended on the buyers, evident when Chinese pro-
ducers undercut Brazilian products in the United States market in the
early 1990s.

This is a danger inherent in global value chains. Global buyers actively
scout for new sources of supply, and substitution by new sources is
always a threat to existing suppliers. Indeed, some of Brazil's main
buyers in the United States helped to build Chinese export capability.
As a result, the Brazilian producers were faced with sharply declining
prices for their products in North America. But by reorganizing their
factories and local supply chains, they raised quality, reduced batch
size and increased speed. Indeed, the buyers helped them switch to
a new way of producing.

The advances in production were not matched, however; by advances
in marketing-even though firms tried. The Brazilian producers
worked out a collective strategy of raising Brazil's image in the world
footwear markets, strengthening design capabilities, and exhibiting
in significant numbers at the world's main trade fairs. But the pro-
posed strategy was not put into practice, mainly becausea small num-
ber of very influential export manufacturers did not support it. They
feared that advancing into design and marketing would upset the
relationship with their main foreign buyer, which accounted for more
than 80 percent of their output and close to 40 percent of the clus-
ter's output.

Source: Schmitz (1995, 1999b).

that are producer-driven (table 6.1). Global value chains can
also be regional or national, providing a local latecomer enter-
prise with opportunities to be pulled into a wider network of
activities through contracting its services to enterprises beyond
its immediate environment.
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Entering global value chains does not provide an automatic
move up the capability ladder. It is often a fast track to acquir-

ing production capabilities, but moving further up the chain
can lead to conflicts with existing customers.1 Some enter-
prises even have had their capabilities downgraded as a result
of their integration in global value chains. So, it makes sense
for latecomers to use all the resources they can acquire from
the advanced world, in return for providing such services as
low-cost manufacturing. But the tradeoff can be exploited to
the advantage of the latecomer only if there is a strategic
choice to use the links to gain knowledge-to learn.

Innovation within global value chains moves along two dimen-
sions of leverage strategies: market expansion and technolog-
ical capabilities. Own brand manufacturing, usually the most
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Market expansion

Then there is the all-important step of moving from one func-
tional specialization to another. The move from production to
design might seem a small step in itself-but it is a huge step

The insertion of a local enterprise in a global value chain-
instigated by a buyer or a producer-puts great pressure on the
enterprise to meet demanding quality, reliability and logistics
standards. But the buyer or producer also wants to be able to
make rapid product adjustments (in response to shifting pat-
terns of consumer demand in their stores, for example), and so
there is also great pressure to change product lines quickly and
reliably. The endpoint is an enterprise that has attained full
"lean production" capabilities in flexibility and agility.

profitable segment of a global value chain, requires both mar-
ket and technological competencies (figure 6.3)2 Path A rep-
resents a trajectory along which many of the activities entailed
in original equipment manufacturing, all of them initially
accomplished domestically along with key activities, are relo-
cated to production facilities in third countries, giving rise to
"triangle manufacturing". Capability enhancement is centered
on mastering the complex of logistical functions required when
sourcing and combining inputs from a number of different pro-
ducers and locations. Path B by contrast focuses on capability
enhancement through expanding functional responsibilities,
from original equipment manufacturing to including some
responsibility for design, leading the enterprise to then market
its own designs under its own brand. Enterprises pursue mar-
ket niches by developing unique production capabilities, often
of a technological form. But the process of developing such
capabilities creates new market opportunities in the form of a
redesigned product to meet customer needs better. The inter-
active process is endless.

Starting point

Original
equipment

manufacturing

A

Last is the all-important break from one global value chain to
another. Of course inserting an enterprise or local cluster into
a global value chain is an important step-but the smart enter-
prise or cluster does not have to see its horizons limited. Always
seeking ways of spreading its involvement across two or more
global value chains, it looks to expand its options and capabil-
ities. This leverages skills, enhances capabilities and reduces the
risk of being tied to a single global value chain. In Taiwan
Province of China, television producers in the electronics indus-
try used global value chains instigated by buyers in the United
States like J.e. Penney and Kmart to leverage the skills in mass
production of television sets. They then transferred these skills
to produce computer monitors for such computer producers as
Hewlett Packard, IBM and Apple, which were building quite
different global value chains. This cross-insertion builds a vari-

for a latecomer enterprise looking to build its capabilities. It is
the first step towards self-sufficiency, where the enterprise
might no longer be entirely dependent on the global value
chain for its survival. This step is sometimes taken by the indi-
vidual enterprise itself-as with East Asian electronics firms.
They moved through phases of original equipment manufac-
turing, where the buyer enterprise gives all specifications to
contracting firms, to own design and manufacture, where the
buyer enterprise simply gives broad specifications and allows
the contractor to fill in the details, to own brand manufactur-
ing, where the enterprise is fully fledged and produces its own
line of branded products.

Source: Mathews and Cho (2000).

Global logistics
contracting

Technological capabilities

Non-durable
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Design, marketingResearch and
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Consumer goods,
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computers, aircraft
Transnational
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Investment-based
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Industrial capital

Ownership

Characteristics
Driver of
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Source: Gereffi (1999b).
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The chapter now turns to the global value chains for garments
and for wood furniture. The first shows the dynamics within
a global value chain, dynamics that demand considerable
nimbleness from the enterprises and local clusters working in
them. The second shows what a local cluster has to do to
move into a global value chain.

The apparel industry is labour-intensive, with labour account-
ing for 60 percent of production costs3 Asia has become the
dominant region of production. This trend started in the 19S0s
and 1960s as the industry shifted from Europe and the United
States to Japan. The second shift was from Japan to Hong Kong
Special Administrative Region (SAR)of China, Taiwan Province
of China and the Republic of Korea, which dominated in the
1970s and 1980s. In the 1990s production shifted to China and
other Asian countries and to some Latin American countries.

The big export drivers in the apparel business have been quo-
tas and preferential tariffs. Quotas on apparel and textiles
items will continue to be regulated by the Multi-fibre
Arrangement (MFA) until it expires in 2005. Used by the
United States, Canada and various European nations since the
early 1970s to impose quantitative limits on imports, the clear
intent was to protect industrialized country enterprises from
a flood of low-cost imports that threatened to disrupt major
domestic industries.

The long-run result was just the opposite. Protection in indus-
trialized countries heightened the competitive capabilities of
developing country manufacturers, who learned to make
sophisticated products that were more profitable than simple
ones. In recent years the European Union and NAFTA have
granted preferential tariffs within regional markets, shifting
global sourcing dynamics in these regional markets.

The clothing global value chain ranges from raw materials pro-
cessing and production of textiles and manufacturing garments,
to marketing and retail (figure 6.4). Aside from the upstream
activities there are four stages of moving up the chain:4

1. Assembly of imported products (typically in export pro-
cessing zones near major ports).

2. Original equipment manufacturing. Production for
transnational corporations (design specification comes
from foreign company, which is responsible for market-

Foreign
wholesale

Foreign
retail

Source: Appelbaum and Gereffi (1994).

ing and branding). Supplier lacks control over distribution.
A variant is global logistics contracting.

3. Own design manufacturing. Design of products sold
under the brand of foreign firms.

4. Own brand manufacturing. Saleof own branded products.

Entry barriers are low for most garment factories, but they get
progressively higher in the move upstream to textiles and fibres.

Three global buyers

The apparel chain has three categories of buyers: retailers,
branded marketers and branded manufacturers. The retailers
account for 50 percent of imports, branded marketers and
branded manufacturers 20 percent each, and various others
for the rest.

RETAILER

Such international retailers as Wal-Mart and Sears Roebuck,
once the apparel manufacturers' main customers, are now
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their competitors. In the 1980s many retailers began to com-
pete directly with the national brand names of apparel pro-
ducers and marketers by expanding their sourcing of "private
label" merchandise. These products are sold more cheaply
than the national brands, yet they are also more profitable to
the retailers, who can eliminate the middlemen in the chain.
Private label goods were about 25 percent of the apparel mar-
ket in the United States in 1993.

While retailing and marketing are becoming more concen-
trated, manufacturing is splintering. Today's superior infor-
mation flows give retailers far better day-to-day market
knowledge about consumer purchasing decisions, allowing
them to demand more from their suppliers in better inventory
management, faster responses and more frequent deliveries.
As each type of buyer in the apparel commodity chain has
become more active in offshore sourcing, the competition
between retailers, marketers and manufacturers has intensi-
fied, blurring the traditional boundaries between these enter-
prises and realigning interests within the chain.

BRANDED MARKETER

Well-known manufacturers without factories-such as ath-
letic footwear companies (Nike, Adidas, Puma) and fashion-
oriented apparel companies (The Gap, Liz Claiborne)-carry
out no production. Instead, they just design and market their
goods. As pioneers in global sourcing they provided knowl-
edge that later allowed overseas suppliers to upgrade their
own positions in the apparel chain.

To deal with new competition, branded marketers are discon-
tinuing some support functions (such as pattern grading and
sample making) and reassigning them to contractors. They are
instructing contractors where to obtain needed components,
reducing their own purchase and redistribution activities. They
are shrinking their supply chains, using fewer but more capa-
ble manufacturers. They are adopting more stringent vendor
certification systems to improve performance. And they are
shifting their sourcing configuration from Asia to the Western
Hemisphere. Marketers (and retailers even more) now recog-
nize that overseas contractors can manage all aspects of pro-
duction, which offers linking and leveraging opportunities for
contractors to move into designing and branding.

BRANDED MANUFACTURER

Apparel manufacturers, such as Levi Strauss, have been
caught in a squeeze because foreign producers can often pro-
vide the same quantity, quality and service as domestic pro-
ducers, but at lower prices. In the United States and Europe,
the attitude among many smaller and mid-sized apparel man-
ufacturers is "If you can't beat them, join them." Feeling that
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they are unable to compete with the low cost of foreign-made
goods, they are defecting to the ranks of importers.

The decision of many larger manufacturers in industrialized
countries is no longer whether to engage in foreign production
but how to organize and manage it. They supply intermediate
inputs (cut fabric, thread, buttons and other trim) to extensive
networks of offshore suppliers, typically in neighbouring coun-
tries with reciprocal trade agreements that allow goods assem-
bled offshore to be reimported with a tariff charged only on the
value added by foreign labour. This kind of international sub-
contracting system exists in every region of the world. It is called
the 807/9802 program or "production sharing" in the United
States (USITC1997), where the sourcing networks of U.S. man-
ufacturers are predominantly in Mexico, Central America and the
Caribbean because of low wages and proximity to the market.
The trend for the branded manufacturers is to de-emphasize
production in favour of marketing by capitalizing on brand
names and retail outlets. SaraLeeCorporation, one of the largest
apparel producers in the United States, recently announced its
move out of making the brand-name goods it sells.

Latching onto the global value chain

The first step for garment manufacturers in developing countries
is to become linked to branded manufacturers. The easiest way
has been to engage in contract manufacturing under U.S. tariff
schedule provision 807/9802. But those activities-often per-
formed in export processing zones-have low value added.
Enterprises in the United States engaged in production sharing
have an incentive to minimize locally purchased inputs since only
components made in the United States are exempt from import
duties when the finished product is shipped back to the United
States (box 6.3). There is a similar system in Europe, known as
outward processing trade, with the principal suppliers located in
North Africa and Eastern Europe. The same holds in Asia gener-
ally, where manufacturers from relatively high-wage economies
like Hong Kong SAR have outward processing arrangements
with China and other low-wage nations.

The next stage after export processing isto link with global retail-
ers or branded marketers in original equipment manufacturing
or full-package production. Compared with the mere assembly
of imported inputs, full-package production fundamentally
changes the relationship between buyer and supplier in a direc-
tion that gives far more autonomy and learning potential for
industrial innovation to the supplying enterprise. Full-package
production is needed because the retailers and marketers that
order the garments have limited knowledge of their manufac-
turing details. Hong Kong SAR, Taiwan Province of China,
Republic of Korea and China used the full-package route to cre-
ate an enduring edge in export-oriented development.
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The Dominican Republic has an especially large dependence on
export processing zone assembly using the U.S. 807/9802 trade
regime. The share of export processing zones in official manufactur-
ing employment increased from 23 percent in 1981 to 56 percent in
1989, when they generated more than 20 percent of foreign
exchange earnings. Investors in the United States account for more
than half (54 percent) of the companies operating in the zones, fol-
lowed by firms from the Dominican Republic (22 percent), Republic
of Korea (11 percent) and Taiwan Province of China (3 percent).

The rivalry among export processing zones in neighbouring countries
to offer transnational companies the lowest wages fosters a perverse
"competitive devaluation", where currency depreciations are seen to
increase international competitiveness. Export growth in the
Dominican Republic's export processing zones skyrocketed after a
very sharp depreciation of its currency against the dollar in 1985.
Similarly, Mexico's export expansion was facilitated by recurrent
devaluations of the peso, most notably in 1994-95.

Hourly compensation rates for apparel workers in the early 1990s
were $1.08 in Mexico, $0.88 in Costa Rica, $0.64 in the Dominican
Republic and $0.48 in Honduras, compared with $8.13 in the United
States. It may make sense for one country to devalue its currency to
attract users of unskilled labour to their production sites. But the
advantages quickly evaporate when other nations simultaneously
engage in wage-depressing devaluations, which lower local stan-
dards of living while doing nothing to improve productivity.

Source: Kaplinsky (1993); ILO (199S).

But NAFTA, along with a relative decline in the importance of
East Asian apparel exports to the United States, has now cre-
ated favourable conditions for extending full-package pro-
d!'!S!J9fl tqJhe North American setting (box 6.4).

Prominent apparel suppliers to Europe, such as Turkey and
several East European economies, also appear to be adopting
the full-package model. Manufacturers from those countries
need to acquire the skills and resources to move into the more
diversified activities associated with full-package production.
The arrangement offers further innovation opportunities
towards own brand manufacture. It enhances the ability of
local entrepreneurs to learn the preferences of foreign buy-
ers, including international standards for the price, quality and
delivery of export merchandise. It also generates substantial
backward linkages in the domestic economy because original
equipment manufacture contractors are expected to develop
reliable sources of supply for many inputs, including those to
be imported. The supplier learns much about the downstream
and upstream segments of the apparel commodity chain from
the buyer. This tacit knowledge can later become a powerful
competitive weapon.

One of the most important mechanisms facilitating the shift to
higher value-added activities for mature export industries like
apparel in EastAsia is the process of "triangle manufacturing"
(global logistics contracting). The essence of triangle manufac-

Box 6.4 ~@ffi:@ ~

The key factor in Mexico's ongoing transition from assembly to orig-
inal equipment manufacture (or full-package) production has been
NAFTA, which began to remove the U.S. restrictions that had virtu-
ally locked Mexico into assembly. The maquiladora system effectively
conditioned Mexico's access to the U.S. market on the use of its
inputs. More of the apparel supply chain-cutting, washing and pro-
ducing textiles-is relocating to Mexico as U.S. restrictions on each of
these stages is eliminated.

But NAFTA does not guarantee Mexico's success.While the massive
peso devaluations of 1994-95 made Mexico very attractive as a pro-
duction site for U.S. apparel manufacturers with international sub-
contracting operations, Mexico has traditionally lacked the
infrastructure and supporting industries to do full-package production
of garments. Textile and apparel companies in the United States have
been expanding their investments in Mexico at a rapid and accelerat-
ing pace. So Mexico is now better positioned to provide the quantity
and quality of inputs needed for original equipment manufacture of
standard apparel items, such as jeans, knit shirts, trousers and under-
wear. But Mexico isstill lagging in the fashion-oriented, women's wear
categories.

The solution to completing the transition to full-package supply, and
developing new production and marketing niches, is to forge links to
the kinds of lead enterprises that can supply technology and tutelage.
Mexico needs to develop new and better networks to compete with
East Asian suppliers for the U.S. full-package market. Enterprises in
the United States have already shown a strong interest in transferring
missing piecesof the North American apparel supply chain to Mexico.
A real problem to be confronted, though, is who controls critical
nodes of the chain and how to manage the dependency relationships
this implies.

Thus far, enterprises in the United States are in clear control of the
design and marketing segments of the apparel chain, while Mexican
companies are in a good position to maintain and coordinate the pro-
duction networks in apparel. But textile manufacturers in the United
States, and to a lesserdegree Mexico, are making strong bids to inte-
grate a broad package of apparel services that would increase their
leverage over smaller garment contractors.

Mexico is likely to retain a mix of assembly plants linked to U.S.
branded manufacturers and a new set of full-package producers
linked to private-label retailers and marketers. As more of the critical
apparel inputs become available in Mexico, inputs from the United
States will decline and traditional Mexican assembly plants will be
replaced by full-package manufacturers or by clusters of related
enterprises that compete through localized networks, such as the
jeans producers in Torre6n.

Source: UNIDO.

turing, initiated by the East Asians in the 1970s and 1980s, is
that global buyers place their orders with the manufacturers
they have sourced from in the past; those manufacturers then
shift some or all of the requested production to affiliated off-
shore factories in low-wage countries (China, Guatemala,
Indonesia). These offshore factories can be wholly owned sub-
sidiaries, joint-venture partners or simply independent overseas
contractors. The triangle is completed when the finished goods
are shipped directly to the overseas buyer under the U.S. import
quotas issued to the exporting nation.
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Triangle manufacturing thus changes the status of original
equipment manufacture from established suppliers for retail-
ers and designers in the United States to middlemen in buyer-
driven commodity chains that can include as many as 50 to
60 exporting countries (box 6.5).
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In 1998 the furniture industry, with global trade of close to $45
billion, was the largest traditional, low-tech sector, exceeding
both apparel ($41 billion) and footwear ($34 billion). s

Although furniture is a resource- and labour-intensive prod-
uct, many of the major furniture exporting countries are
industrially advanced (table 6.2). Italy is far and away the
leader, with net exports of $7.8 billion in 1998. Developing
countries in the top 10 are China, Mexico, Malaysia, Romania
and Indonesia.

The wooden furniture global value chain starts with the provi-
sion of seed inputs, chemicals, equipment and water for the
forestry sector (figure 6.5). Cut logs pass to the sawmill
industry, which obtains its primary capital inputs from the
machinery industry. Sawn timber moves to the furniture man-
ufacturers who, in turn, obtain inputs from the machinery,
adhesives and paint and other industries and also draw on
design and branding skills from the service sector. Depending
on the market served, the furniture then passes through vari-
ous intermediary stages until it reaches the final customer, who
after use consigns the furniture for recycling. The chain is very
heterogeneous due to the many market segments (office,
kitchen, bedroom, dining room and living room) and within
these segments the many market niches (high volume, price
sensitive, design intensive, brand-intensive, and so on).

Three major buying agents facilitate the entry of wood furni-
ture producers into final markets:

o Large multinational retailers, with both retail outlets and
suppliers in many countries. (For example, IKEA sources
from 2,000 suppliers in 52 countries and has more than
300 outlets in three continents)

o Small retailers, purchasing directly from a limited number
of suppliers in a limited number of countries.

o Specialized medium-size buyers, sourcing from many
countries and on-selling to retail outlets, predominantly
in a single country or region. It is not atypical for these
buyers to have more than 1,500 suppliers, in many coun-
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The East Asians did not employ the production-sharing provisions
established by the 807/9802 U.S. trade regime in apparel because
their great distance from the United States made textile imports from
the United States impractical. In addition, textile mills in the United
States did not have the production capability or mentality to supply
the diverse array of fabrics favoured by the designers of women's
wear and fashion-oriented apparel, which became the specialty of the
East Asian exporters. 80th factors created an original equipment
manufacture niche, adroitly exploited, for East Asian apparel
companies.

Highly successful textile and apparel exporters from Hong Kong SAR,
Taiwan Province of China and Republic of Korea (preceded by Japan,
followed by China) progressed through a sequence of export roles
from assembly to original equipment manufacture to own brand
manufacture. They developed and refined their original equipment
manufacture capabilities in the 1960s and 1970s by establishing close
ties with retailers and marketers in the United States, and then" learn-
ing by watching" to usethese foreign partners as role models to build
EastAsia's export capabilities.

The performance trust built up through many successfulbusinesstrans-
actions with these U.S. buyers enabled EastAsian suppliers to interna-
tionalize their original equipment manufacture expertise through
triangle manufacturing. The East Asian manufacturers became inter-
mediaries between the buyers in the United States and hundreds of
apparel factories in Asia and other developing regions to take advan-
tage of lower labour costs and favourable quotas around the world.
The creation of these global sourcing networks helped the EastAsians
sustain their international competitiveness when domestic economic
conditions and quota constraints threatened the original, bilateral orig-
inal equipment manufacture relationships.

The EastAsians have been moving beyond original equipment man-
ufacture in many ways. They have shifted to higher value upstream
products in the apparel commodity chain (exports of textiles and
fibres, rather than apparel). They have been moving downstream to
own brand manufacture in apparel. And they have been aggressively
investing in efforts to switch to other global product chains. The
Republic of Korea is the most advanced of the East Asians in own
brand manufacture, with its brands of automobiles (Hyundai), elec-
tronic products (Samsung) and household appliances (Samsung and
Goldstar), among other items, being sold in North America, Europe
and Japan. Companies in Taiwan Province of China have pursued
own brand manufacture in computers, bicycles, sporting equipment
and shoes, but not in apparel.

Clothing companies in Hong Kong SARhave been the most success-
ful in shifting from original equipment manufacture to own brand
manufacture. The women's clothing chain, Episode, controlled by
Hong Kong SAR'sFang Brothers Group, one of the foremost original
equipment manufacture suppliers for Liz Claiborne in the 1970s and
1980s, has stores in 26 countries, only a third of which are in Asia.
Giordano, Hong Kong SAR'smost famous clothing brand, has added
to its initial base of garment factories 200 stores in Hong Kong SAR
and China, and another 300 retail outlets scattered across Southeast
Asia and Republic of Korea. Hang Ten, a less-expensiveline, has 200
stores in Taiwan Province of China, making it the largest foreign-
clothing franchise on the island.

Source: UNIDO; Granitsas (1998); Gereffi (1997. 2000).
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tries; even the smaller specialized buyers will typically
source from more than 100 suppliers.

In general, buyers serve different market segments. Often
these segments are distinctively different, but the growing
capabilities of world class manufactures means that there is a
diminishing trade-off between critical success factors. For
example, the large retailers are increasingly able to offer low
prices and high quality, and low prices and variety. Suppliers
confront a much more demanding set of critical success fac-
tors when they sell to global retailers than when they sell to
small retailers and specialist buyers. Not only are almost all the
critical success factors considered important, but they are also
all ranked as.being of higher order importance.

Italy
China
Canada
Denmark
Mexico
Malaysia
Spain
Sweden
Romania
Indonesia

Source: http://www.intracen.org.

Net export value
(millions of dollars)

1994 1998
6,105 7,831
1,381 2,725

32 1,804
1,412 1,323

259 1,190
698 1,052
251 741
254 494
375 382
754 339

The innovation challenge confronting part of the wood fur-
niture global value chain in South Africa is symptomatic of a
more general challenge facing other furniture exporting
countries. South Africa's wood furniture global value chain
has been on a suboptimal trajectory since its pine furniture
has faced increasing price competition in overseas markets.
The unit prices of its exports, measured in dollars, fell by 250
percent between 1992 and 1999. Moreover, South African
products have been considered cheap, but of low quality and
poor delivery reliability. As a consequence IKEA, the major
global buyer, decided to move out of South Africa (to Eastern
Europe and East Asia).

This has placed the South African wooden furniture firms in a
dilemma. An effective response was found, after much search-
ing, in the context of the global trend towards environmental
responsibility. South Africa isthe home of a commercially grown
semi-hardwood named saligna. Furniture based on saligna
offered the potential to become a low-cost and environmentally
acceptable alternative to increasingly scarce and highly priced
traditional hardwoods such as teak and mahogany.

The opportunity

One of the key dynamic market forces in the global timber
products industry is the move (primarily by the industrial
countries) towards environmental responsibility. For most
developing countries, this threatens their exports because
their timber product industries have traditionally drawn on
indigenous hardwood forests.

South Africa, however, happens to be uniquely placed to take
advantage of this opportunity. The most outstanding feature
of saligna (a species of Eucalyptus hardwood) is that in South
Africa it is a commercially grown semi-hardwood distinguish-
ing it from other hardwood species grown in indigenous
forests in the developing world. Although saligna is not a tra-
ditional hardwood, it has the ability to take colouring well and
can therefore be treated to look like virtually any wood,
including all the species of threatened hardwoods.

Traditionally saligna was grown for use in the local mining
industry, but the changeover to concrete mining supports has
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led to a sharp decline in domestic demand. In the context of
growing environmental concerns in final markets, therefore,
the existence of the previously low-priority saligna hardwood
plantations, with unused capacity, offers unexpected poten-
tial for exporting of furniture to Europe and North America. It
is also an opportunity that offers the potential to move furni-
ture producers into new market niches, with higher unit prices.

The innovation challenge

Grasping this opportunity requires inter-chain innovations, a
reorientation from the previous trajectory of the wooden fur-
niture global value chain, which has traditionally focused on
the export of pine furniture into increasingly price-competitive
markets. This reorientation entails substantial inter-chain inno-
vation through simultaneous and carefully coordinated
process, product and funtional innovations.

PROCESS INNOVATION

The primary challenge was to increase the supply of clear
saligna hardwood, at an affordable price. This challenge exists
both because of competing uses(in pulp and paper), for which
clarity is unimportant, and because the sawmills serving furni-
ture manufacturers were geared for cutting softwoods (pine)
rather than hardwoods (saligna). The mills had also operated
in a sellers' market for many years, and consequently were
unresponsive to the needs of the manufacturers, delivering at
unpredictable intervals, with varying quality and in inconven-
ient take-it-or-leave-it product specifications. An additional
processing problem was that manufacturers needed to learn
how to work with saligna, and to be effective, this required
close collaboration with the sawmills (for example, in regard
to knowledge about timber density).

Perhaps most important, the key determinant of timber costs
was the gestation period of the trees. Traditionally, saligna had
been cut at an age of 23 years, but it was thought possible to
reduce this considerably, to around 12 years; given high inter-
estscosts (a real interest rate of more than 10 percent), the finan-
cial benefits to this innovation would be considerable. But to be
effective it required close collaboration between growers, the
sawmills and the manufactures. Thus, process innovation CQuid
only be achieved in the saligna furniture global value chain
through a combination of enterprise-specific innovations and
inter-enterprise collaboration to enhance communication within
the chain and to address important chain-specific problems.

PRODUCT INNOVATION

In itself, process innovation would not produce sufficient ben-
efits. The problem was that alternative uses for saligna in
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paper and pulp meant that unless the final furniture products
could be positioned within a relatively higher product niche
than South Africa's pine furniture exports, the manufacturers
would not be able to survive paying the market price for the
timber input.

An additional product innovation challenge was that the spe-
cific properties of saligna (when compared with pine), and
especially of young saligna, meant that the designs used for
pine furniture could not always be translated into the new
type of wood. Product redesign-design for manufacture-
was therefore a necessity, which required many furniture
manufacturers to venture into new territory, and this could
not be done in isolation from the sawmills. Finally, one of the
virtues of saligna was its ability to absorb finishes, and this
required the manufacturers to work closely with lacquer and
paint suppliers, particularly because environmental pressures
in Europe are forcing a move to water-based finishes (one of
the main areas of competitive advantage of Italian producers).

FUNCTIONAL INNOVATION

If new designs were to be introduced, who would take respon-
sibility for this high value-added activity? Would the saligna
industry fall back on the pattern in the pine industry, where
global buyers provided design templates for manufacturers, or
where manufacturers continued to produce standard items
such as garden benches? Alternatively, would there be a surge
in domestic design capabilities, and if so, would these be
lodged in South African buyers, furniture manufactures or in
specialized design houses? Just as saligna furniture repre-
sented a transition within the wood furniture chain from soft-
wood to a hardwood, were there also opportunities to move
from saligna furniture to other saligna-based products such as
garage doors (a big export item), industrial products and toys?

The initiative

To stimulate innovation, a first saligna network workshop was
organized in late 1998 by a university-based research project.
It was well attended by government departments, manufac-
turers, timber traders, industry specialists (both academic and
consultants) and timber growers and sawmills. It successfully
brought together stakeholders from all levels of the saligna
global value chain with a view to promoting cooperative
problem resolution. The involvement of a number of com-
peting enterprises at each level of the global value chain cre-
ated a situation where a failure to cooperate held the risk of
missing out on benefits enjoyed by competitors. The work-
shop gave birth to the Saligna Global Value Chain Group (SVC
Group), a cooperative national network of stakeholders
spread throughout the global value chain.



Technical working groups, led by the sawmills, worked on a
variety of issues for improving knowledge flows. A question-
naire was sent to all timber product customers to try to estab-
lish optimal sizes and to get consensus on a range of
dimensions that manufacturers felt most comfortable with.
The mills then experimented with new grading systems to see
if this could increase the total availability of clear wood. They
also began to collect more accurate data on total demand in
order to determine overall existing and potential supply and
usage of saligna in South Africa.

The full flowering of a Salinga furniture global value chain
remains a work in progress, with much yet to be achieved to
realize the promise that may inhere in exports of salinga fur-
niture to advanced country markets. So far, the activities of the
SVC Group have yielded the greatest efficiency gains in the
areas of:

o Generating information in all three of the innovation
trajectories-process, product and function.

o Markedly improving inter-enterprise process and supply
chain efficiency between the mills and manufacturers.

o Important product development occurring both within
and between linkages through the young tree and wood
density experiments.

o Internal enterprise process innovation primarily of a tech-
nical nature.

o Some gains in changing the mix of activities within enter-
prises and up the global value chain through emphasiz-
ing design, finishing and marketing.

Innovation in the production processesof the firms in the global
value chain was not an explicit focus of the activities of the SVC
group. But work on the numerous supply issues between the
sawmills and the manufacturers in the global value chain did in
fact have an innovation impact on the internal production
processes of the manufacturers, through challenging the tech-
nical parameters of what they could produce.

Working local to go global

Enterprises are thus part of a local industrial fabric. Despite
globalization and new communication technologies, geo-
graphical proximity and local sources of competitiveness are
still important. The local advantages of synergy have been well
documented in recent case studies on industrial clusters. They
show the passive and active gains that clustering can provide
to enterprises. The passive gains arise from agglomeration
economies; the active, from inter-enterprise cooperation. The
success and failure of clusters depend on achieving dynamic
synergy within the cluster and on being nimble in the interac-
tions with the outside world.

For developing countries the capturing of cluster benefits is
difficult and elusive. If it is hard to start individual enterprises,
it is harder still to start clusters-or to get enterprises to coop-
erate locally, as customers and suppliers of each other, rather
than as cut-throat competitors. In the long run developing
country clusters will have to be inserted into a wider cluster-
into a global value chain-if they to survive in the face of con-
tinuing global competition.

For further details on sources, information and the literature on sub-

jects covered here, see the background papers.

1. Schmitz (1999b).

2. Similar innovation models are offered by scholars in the formerly

developing countries, such as Korea (Kim 1998, 1999).

3. This section draws on Mathews (2001, background paper).

4. Gereffi (1999b).

5. This section draws on the Web site of the UNCTAD-WTO

International Trade Centre: http://www.intracen.org and Kaplinski

(2001, background paper).
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SUPPORT INSTITUTIONS AFFECT HOW-AND WHETHER-FIRMS MEET

the information, skill, finance and other needs that are
difficult to satisfy in open markets. Infrastructure deter-

mines the cost of operation and interacting with the outside
world. A nurturing environment is required to foster vibrant
industrial development. And ensuring access to vital services
that support innovation and learning is a critical part of estab-
lishing that environment. Many of these services are supplied
through the market in advanced countries, but even these
countries find it necessary to augment what is supplied
through the market with subsidized services. Various consid-
erations provide ample justification for the provision of sub-
sidized services to support the process of innovation and
learning-even more for developing countries. Most impor-
tant: what is being provided is, to a greater or lesser degree,
depending on the service, a public good-in short. knowl-
edge (or information) in one form or another.

It iswidely appreciated that knowledge is indeed a public good,
one to be made available at a price no greater than the mar-
ginal cost of its dissemination. But the costs of searching for
and translating even freely available information into terms
useful to local firms are not trivial. And there are great
economies in centralizing these activities in organizations with
special capabilities to carry them out. Efficiency requires that
these costs, separate from the vastly lesservariable costs of dis-
semination, be borne but once. Otherwise each potential ben-
eficiary of the same information would have to replicate the
search and translation costs that would far better be shared, as
fixed costs, in some way among all the potential beneficiaries.

There are good reasons for not imposing on beneficiaries the
full, or even partial, sharing of the fixed costs of establishing
and maintaining technology support organizations. One is
found in the pronounced economies of scale inherent in their
operations. These justify providing the services well in advance
of the point where the market would be large enough to sus-
tain the delivery of their services by private entities. Other rea-
sons are found in the externalities generated through the use
of these services to achieve higher productivity with existing
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resources. In many instances the benefits from higher pro-
ductivity cannot be fully captured by the firms that receive the
services. Some (often most) of the benefits spillover to other
economic agents in the form of externalities.' These reasons
have particular force in developing countries, where markets
for industrial services are only beginning to be developed-
and where externalities related to technology transfer and
effective absorption are particularly pronounced2

Market failures not directly related to the provision of indus-
trial services typically afford additional justification in less
developed countries. The most obvious example involves
financial sector failings in lending for technological efforts.
Financial institutions in most developing countries are ill-
equipped to appraise properly projects that entail technolog-
ical efforts of kinds not previously undertaken locally. Even
where they can conduct proper appraisals, they typically
require collateral in forms that greatly raise the cost of bor-
rowing or preclude it. So the services that ought to be used
will go unused unless provided at lower cost to the recipient.

Finally, constraints on public policy often mean that the pro-
vision of industrial services is the only practicable means of
subsidizing technological efforts that should, according to
first-best principles, be subsidized directly. Indeed, such con-
straints lie at the heart of the rationale for infant-industry pro-
motion through protectionist means. Given that such means
are no longer tolerated under international trade conven-
tions, the promotion of innovation and learning through sub-
sidized industrial services provision has to be thought as
having much greater importance-much greater.

The World Trade Organization (WTO) affords little scope for
policies that have been used successfully in the past to accel-
erate industrial and technological development. In an impor-
tant sense, all that is left in the way of major policies to
developing countries is to provide industrial services in the
forms discussed in this chapter. That makes the direction and
management of organizations that provide these services all
the more important.



Many types of institutions are essential in supporting the
innovation and learning by firms. Training and specialized
education are very important, as are financial services. The
focus here, however, is on the institutions directly supporting
the innovation and learning efforts of firms.
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What principles, then, should guide provision of subsidized
services for innovation and learning? Three are paramount.

o First, support institutions should be established and man-
aged, and subsidized services should be provided in strict
accord with the framework of the national strategy for
industrial development (chapter 8). This is in line with the
observation by many commentators that the problem is

often not the absence of such institutions-it is that existing
institutions cannot be justified on the basis of the benefits
from the services they provide (where services are indeed
provided). If there is no demonstrated need for the delivery
of some service, demonstrated within the parameters of the
national strategy, the service should not be provided.

o Second, as a general rule, subsidized provision of indus-
trial services has greater justification the more widely
shared the specific services rendered. The closer some
service comes to serving only one or a few firms, the more
difficult it becomes to justify subsidized delivery on the
grounds just enumerated.

o Third, the services should not be supplied solely by gov-
ernment. As quickly as is feasible, they should be supplied
in public-private partnerships or by private firms and asso-
ciations-with subsidies, if justified, or without, if the
market can supply the services. Indeed, the reliance on

Basicindustrial services

• Promote inward investment

• Provide export services

• Provide management services
• Collect marketing information
• Collect data on exports and imports
• Provide managerial consulting

• Provide financial services (accounting, tax assistance, investment
advice)

Technology Information Centres

• Provide information technology to firms, including networks, soft-
ware, Internet capabilities, intranet, and databases

• Perform troubleshooting, assistance, and repair to firms

• Provide training in informational technology applications

Metrology, Standards, Testing, and Quality Control Centres

• Define domestic standards

• Assist firms in meeting International Organization for Standard-
ization (150)compliance standards
• Train firms in 150 standards and regulatory requirements
• Test products to ensure compliance with standards
• Provide technical assistanceto firms

• Help firms with calibration of instruments
• Maintain calibrated standards and calibration equipment
• Calibrate firms' machinery

Source: UNIDO.
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Productivity Centres

• Improve quality

• Improve productivity, efficiency

• Provide training

Technological Extension Agencies

• Extend available technology to businesses lacking technical
capabilities

• Help firms use cleaner production technologies

• Provide information on available technology

• Identify problems and use access to technology sources to solve
problems

• Serveasexternal consultants and assistfirms with trouble-shooting

• Promote cooperation of small and medium-size enterprises with
larger research and cluster initiatives (South Africa MAC program)

Research and Development laboratories

• Design new processesand products .

• Train businesses through demonstration, participation and
extension

• Implement new technolog'les
• Import and learn foreign technology
• Adapt foreign technologies to local needs
• Integrate these technologies into economy in collaboration

with firms



private associations to deliver subsidized services has
greatly improved the efficiency, relevance and quality of
public services-and strengthened the cooperation
between firms and the support organizations.

Institutions that support the technological efforts of firms
reflect the wide variety of industrial activities and needs
related to them (box 7.1). Some organizations offer general
services, meeting needs that are not specific to particular
industries. Information centres that are effectively gateways
to the vast pool of knowledge that is available at no cost from
the source are an example. So too are organizations devoted
to the identification and fostering of latent entrepreneurial
talent. Other organizations offer specific services of general
use across the industrial sector. Productivity centres, for exam-
ple, have often focused on disseminating modern methods of
quality control or assurance. Still other organizations are
closely identified with the industries they serve, for they
require specialized human and physical assets to deliver serv-
ices specific to the needs of these industries.

Among these organizations there is further differentiation by
degree of involvement in solving technical problems specific
to individual firms. There is also differentiation according to
the breadth or depth of the organization's capacities ..'
Typically, the more highly specialized is the organization, the
deeper are its capabilities and the closer are its competencies
to the global technological frontier. Research and develop-
ment (R&D) institutes actively involved in the initial transfers
of foreign technology to domestic industries have the most
sophisticated capabilities.

Many developing countries have set up such support institu-
tions copied from developed countries. Unfortunately, a
large number of such institutions do not function well (box
7.2). They tend to be of poor quality, with inadequate equip-
ment and poorly motivated and remunerated staff. Their
services are often out of touch with the needs of the indus-
trial sector and are offered passively. Their objectives-like
creating new or appropriate technologies-can be unrealis-
tic. Frequently, their incentive and management systems are
not geared to providing services to firms.

Support for technological development does not come only
from organizations that directly assist technological efforts by
firms. It comes as well from organizations that support indus-
trial development more generally. Investment promotion
agencies playa particularly important role. Investment is, after
all, the vehicle through which technology embedded in phys-

Box7.2~~~~

It is possible to reform long-irrelevant public sector technology insti-
tutions. and many developed and newly industrializing countries are
doing just that. In the late 1980s the World Bank launched an
Industrial Technology Development Project in India. One important
component was promoting industry-sponsored research at a number
of public research institutes as well as at the Indian Institutes of
Technology, other universities and private research foundations. This
component, the Sponsored R&D (SPREAD)Fund, was aimed at pro-
moting research awareness especially among small and medium-size
companies and changing the culture of research laboratories and
higher education establishments towards an emphasis on serving the
needs of industry as articulated by the firms themselves.

The fund isadministered by a newly established technology cell in the
Industrial Credit and Investment Corporation of India (1(1(1), a private
sector development bank started by the World Bank. This technology
cell helped firms identify the appropriate research institute, develop
their business plans, coordinate with the institute and generally hold
the hands of new entrepreneurs (as a venture capitalist would). The
funds were given as conditional loans rather than grants, and enter-
prises had to provide matching funds from their own resources.

By the end of 1997 around 100 firms had contracted 95 projects
under this programme, with an average project size of $400,000 and
an average loan component of $170,000. So far, there have been no
failures, though three or four projects were likely to be cancelled.
Most of the companies using the programme had never contracted
research to a public research institute before; most were small and
medium size. Some 50 technology institutes were involved, including
5 institutes of technology or science, 12 universities, 5 private
research foundations and 28 government laboratories. Overall, the
project has been highly successful in technological terms; the subsidy
element has been minimal and most firms claim that they will con-
tinue their links with the research institutions in the future.

A number of elements account for the successof the project. A pri-
vate sector-oriented matchmaking intermediary (1(1(1, a well-estab-
lished private financial institution with intimate knowledge of
industry) administered the funds and overcame information and trust
barriers between researchersand business.A technically oriented unit
in this intermediary assessedthe viability of applications and remained
involved as the projects developed (more like venture capitalists than
bankers). The finance was given in the form of loans rather than
grants, with a substantial matching contribution by entrepreneurs.
There was a significant effort to help technology institutions under-
stand the needs of industry and change their operating culture.

Source: World Bank.

ical capital is acquired. But attracting foreign direct investment
(FDI) is a complex matter, and this is so not simply because it
may serve as an important conduit of disembodied technology
into local firms. Properly conducted, the promotion of foreign
investment can serve as a vital tool for enriching the indige-
nous base of technological capabilities.

Attracting the right kind of foreign direct investment for the
development of a thriving industrial sector requires a good
deal more than simply establishing the proper general policy
environment, one that is "business friendly." It also requires
dedicated effort in a wide range of activities ranging from the
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identification of suitable inward-investment prospects (or for-
eign partners) to the active servicing of the strategic needs of
foreign-invested firms once established in the country, includ-
ing development of skills, recruitment services and identifica-
tion and upgrading of local suppliers. This is in part because
of the vigorous competition among countries to attract for-
eign direct investment, but it is equally because investment
promotion can be an instrument of overall industrial devel-
opment by exploiting the potential complementarities
between local and foreign undertakings.

Prospective investors can seize opportunities, yielding mutual
advantage to them and the host country only if they are aware
of them. But knowledge of foreign investment opportunities
is necessarily highly imperfect, subject to severe mispercep-
tions and lack of essential information. In short, the market
for foreign direct investment does not function effectively
unless the countries and regions that seek its benefits devote
sufficient resources to publicizing business opportunities in
terms meaningful to prospective investors who have a sophis-
ticated understanding of their own needs.

Investment opportunities that will dynamically change and
enrich the local industrial base must be distinguished from
those that simply take advantage of the existing base. The first
warrant special priority in promotional efforts. Such opportu-
nities do not simply exist. They are created by first identifying
the elements required-specialized skills, specific infrastruc-
tural requirements, particular university resources, and so
on-and then by seeing to the coordinated realization of each
element. Coordination is crucial. It requires that the promo-
tion agency have the authority to ensure meaningful cooper-
ation among all entities whose activities must be coordinated
to achieve a successful outcome. The agency must be subject
to proper oversight at the highest levels of government,
achieved in part through audits of the agency's own disci-
plined and continual monitoring and evaluation of its
activities.

The advanced countries-Ireland and Singapore, also the
United States (at the state level), for example-practise a
highly sophisticated form of investment promotion designed
to achieve strategic industrial development objectives.
Extensive study of successful agencies in both advanced and
developing countries shows that an effective program of
investment promotion entails many activities (box 7.3).3
Success is the result of following a coherently integrated
approach that responds effectively to the industrial sector's
evolutionary development.

The Malaysian Investment Development Agency (MIDA) is an
example of a successful investment promotion agency4
Established in 1967 it serves as the lead agency for orchestrat-
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ing the country's industrial development and has responsibili-
ties for meeting the needs of local and foreign investors in man-
ufacturing. It assesses and advises on industrial and trade
policies affecting the sector, formulates detailed plans for the
sector's continued development, oversees industrial site devel-
opment and handles applications for investment incentives. To
attract foreign direct investment, MIDA maintains an extensive
network of overseas and local regional offices and conducts
investment missions to countries from which it sources care-
fully targeted inward investment. MIDA consults widely and
regularly with stakeholders on the design and implementation
of its various activities.

Malaysia's success in attracting foreign direct investment is
manifest. More than 3,000 projects involving firms from 40
countries have been implemented since the mid-1960s. The
manufacturing sector has grown rapidly and now accounts for
30 percent of GNP and 85 percent of total exports. MIDA has
contributed to this record since its inception. Early it seized the
opportunity to attract electronics production, which became
the basis of Malaysia's flourishing high-tech export industries.
With its regionally focused sister institution, the Penang
Development Corporation, MIDA fostered the evolution of a
thriving high-tech cluster in Penang. Over time MIDA has also
worked aggressively to create industrial clusters sparked by
inward investment in other regions of Malaysia. It has stimu-
lated the development of local firms capable of supplying a
variety of high-quality inputs to its foreign-invested firms,
establishing a base of industrial competencies that enables for-
eign-invested firms to operate at ever higher levels of produc-
tivity as they move to higher value-added activities.

Oll\lcdJl1!J~'ir[)'ö~~ ~~[)'~~ ~ll\lcdJ ~~~@[)''(t
~[),@«:~~~Öll\l@] ~@Il\l~~

The establishment of industrial parks, especially export pro-
cessing zones (EPZs),is a crucial initiative. Industrial parks are
developed and subdivided into plots according to a compre-
hensive plan with provision for roads, transport and public
utilities for the use of a group of industrialists. Parks may go
beyond physical infrastructure to satisfy the corporate and
technological needs of tenants, providing a variety of com-
mon facilities and support services, such as consulting, finan-
cial services, training, technical guidance, information
services, joint research facilities and business support services
(hotel and conference rooms).

Parks may also provide a pleasant environment to attract
skilled employees and foreign investors. This entails providing
facilities such as housing, medical services, shopping and edu-
cational establishments. While economic or political reasons



1. laying the proper foundations

• Establishing the economic development policy context
• Implementing macroeconomic, trade and industrial policies
• Providing for the establishment of supportive infrastructure
• Articulating regional development priorities
• Determining the nature and scope of special incentives to

attract foreign direct investment
• Determining the objectives for industrial development and

inward investment

• Agreeing on the rationale for attracting inward investment-its
developmental role
• Identifying key sectors or industrial clusters where foreign

direct investment is to be sought
• Discriminating among new ventures, expansion of existing

operations
• Setting priorities among forms-subsidiaries, joint ventures,

mergers and acquisitions

• Ensuring an adequate structure of investment promotion
• Deciding on a single national agency or regionally focused

agencies
• Ensuring the autonomy required for independent operation

responsive to business interests
• Determining mechanisms of coordination with responsible

government departments

• Assessing competitive positioning
• Knowing potential locations' pluses and minuses in attracting

priority investments
• Developing tailored selling points for specific possibilities

within key sectors

2. Mounting a well targeted promotional campaign among
selected foreign investors

• Setting the stage for contacts with individual foreign prospects
• Establishing an image that is both accurate and appropriately

inviting
Cl Maintaining and managing a permanent presence overseas

where warranted
• Participating in conferences and events at which foreign

investors congregate
• Undertaking specifically designed missions to make contact

with prospective investors

Source: Based on and adapted from Loewendahl (2001).

may mean that nationwide provision of such infrastructure is
impossible, the creation of these conditions is feasible within
the confines of a park.

By providing adequate physical infrastructure and a legal and
institutional framework, industrial parks reduce costs and risks
of all kinds. They pool resources to make and market goods
and meet large orders. And they breed off-shoot companies
and provide fertile ground for cross-fertilization of ideas.

EPZsare useful for countries working to establish an export-
oriented manufacturing sector while lacking the technical or

• Targeted contacts with individual investors
fil Identifying the most attractive potential investors
'" Establishing and maintaining relationships with these investors

3. Meeting the needs of interested investors

@ Ensuring proper reception and facilitating detailed assessmentsby
prospective investors
II Assigning a single staff member to provide continuity and coor-

dination among local entities
• Developing a thorough understanding of the potential

investor's needs
• Providing information on how the investor's specific needs can

be met
• Facilitating site visits and meetings with relevant local parties
• Specifying the incentives to be made available, including sup-

porting activities
• Enabling all necessary arrangements and clearances to be

made on a one-stop basis

$ Facilitating implementation of inward investment
Cl At a minimum, ensuring that the investor's reasonable expec-

tations are fully met
• Trouble-shooting as necessaryto remove obstacles

<i> Providing post-investment service to ensure that potential benefits
are realized
• Supporting follow-on investments in expansions and upgrading
Cl Encouraging development and growth of local suppliers
• Embedding the foreign-invested firm within cooperative net-

works of supporting institutions
• Encouraging firm efforts to attract other foreign investments

4. Moving to the next stage of industrial development

<t Building a strategy based on past promotional activity

• Implementing the strategy through strategic activities
• Continuing to upgrade infrastructure and establishindustrial sites
Cl Tending to the broadening and deepening of related local

value chains
Cl Supporting related cluster developments to increase value-

added levels
o Ensuring continued innovation and learning within existing

firms and networks
o Working with firms on skills development to ensure continued

industrial progression

administrative capacity to develop a countrywide system to
allow exporters duty-free access to imported equipment and
materials. Science and technology parks are intended for
technologically advanced industries and emphasize the high-
level support services such activities need: marketing, techni-
cal consultancy through networking with local R&D
institutions, advisory services on finance and venture capital
and search for joint venture partners.

The types of facilities, services and amenities that a park pro-
vides depend on the types of industries targeted and the fail-
ures the parks are intended to overcome. These vary with a
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country's level of development. Taiwan Province of China's
early EPZs, for example, provided basic infrastructure and,
especially important, freedom from red tape. These incentives
were targeted at light industries, such as textiles and apparel,
plastic products and electrical appliances, that could use the
country's plentiful and cheap labour. As countrywide infra-
structure improved and administrative procedures with it, parks
providing these features became redundant and unnecessary.

Taiwan Province of China established its first EPZin the south-
ern port city of Kaohsiung in 1965 as part of an outward-look-
ing export-oriented industrialization strategy.5 Two other
zones were established in Nantze and Taichung in 1969 when
applications from investors to set up in the Kaohsiung EPZ
flooded in in excess of the space available. The purpose of
these EPZs was to increase exports by attracting foreign
investment. This was to be accomplished by combining in one
place the advantages of a free trade zone, an industrial estate,
and all the relevant administrative offices of the government.
Firms in the EPZwere offered complete exemption from cus-
toms duties, commodity and sales taxes, as well as other
incentives. In addition to duty- and tax-free imported inputs,
the EPZprovided good infrastructure facilities and simplified
procedures for trade and remittances.

This simplification and "one-stop" access to incentives were
particularly valuable. Whereas firms outside of the EPZhad to
obtain duty- and tax-free imported inputs by means of a
rebate system, location within the EPZallowed firms to avoid
all the formalities connected with obtaining these rebates.
EPZsthus provided the important benefit of the cutting red
tape so that investors could start their projects. quickly and
could run them with minimum bureaucratic fuss. The main
constraint facing firms within the EPZ was that they were
required to export all of their production, keeping it out of
the domestic market.

EPZswere very important in placing Taiwan Province of China
squarely on the path of export-led industrialization. Arrivals
of foreign direct investment roughly doubled within the first
year after the Kaohsiung zone's establishment. Total arrivals
averaged $12 million a year from 1961 to 1965 and $44 mil-
lion a year over the five years after 1966.6 But as infrastruc-
ture facilities improved rapidly and regulatory procedures
were rationalized the importance of EPZs diminished over
time, accounting for only 7-9 percent of the country's cumu-
lative exports since the 1960s. Bonded factories, which are
like mini-EPZs located outside the formal zones, have been
responsible over time for a much larger share. Since the
1980s, little new investment has occurred in the EPZs,reflect-
ing their redundancy as infrastructure and duty-free proce-
dures have improved outside of them. The administrative
costs of the tax rebate system have been substantially
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reduced, particularly as the result of the establishment
bonded factories and warehouses, lowering the value of cir-
cumventing this red tape.

Science and technology parks are at the other end of the spec-
trum from most EPZsin level of services. An example is China's
Suzhou Technology Park7 Suzhou Park is made up of three
institutions: Suzhou New and High-Technology Service
Centre, Suzhou International Business Incubator and China
Suzhou Pioneering Park for Overseas Chinese Scholars. The
first incubator was set up in 1994, and the China Suzhou
Pioneering Park for Overseas Chinese Scholars was created in
1998. The park now houses 300 enterprises. Ninety percent
of these firms were set up by overseas Chinese and 10 per-
cent by R&D institutes and universities. Twenty percent are
high technology enterprises. In 2000 the park employed
3,000 people, 100 with Ph.D.s.

Suzhou Park's success is linked to the services it provides. The
government provided seed money and attracted venture cap-
ital from abroad; additionally, banks and financial organiza-
tions provide flexible loans to firms. The park includes an
incubation site of 38,000 square meters. It provides Internet
connections every 10 square meters, conference rooms, a
multi-media room, a technical trading room, information cen-
tres, product testing centres and public laboratories. The park
includes an accounting office, law firm, business planning
space and other services. Import-export services, such as cus-
toms declaration and a bonded warehouse, are provided free.
Human resources support in the form of recruitment events
and a database help firms identify people with the right skills.
Additional services are provided in the form of management
and business training by university professors and successful
entrepreneurs, assistance in introducing new products and
membership in the Shanghai Technology Stock Exchange.

Providing information services requires information specialists
who are also technically sawy. These services are the least
dependent on prior targeting and the like. Serving as an "intel-
ligent" gateway to globally available, searchable knowledge
bases-intelligent by virtue of their trained staff-information
services offer a truly generic service, of equal potential use to
all comers (box 7.4). As such, they are the closest among serv-
ice organizations to providing a public good having universal
value. But many information centres also routinely produce
material to disseminate the results of the continuing search.

An example is Sri Lanka's Industrial Technology and Market
Information Network (ITMIN), a commercially managed and



Box 7.4 ~ (ffi) ffi)3 ~

Information services online can now provide instant, free or for-fee
access to technical information and International Organization for
Standardization (ISO)compliance requirements. As an experiment, a
student with little knowledge of technology (neither an engineer nor
a scientist) spent three hours looking for specific technical informa-
tion on the Internet and in that brief time was able to find a great
deal of technical information.

The hunt began at the National Institute for Standards and
Technology (NIST)in the United States. While the bulk of highly tech-
nical, specific material is available only through purchase, the volume
of information on the site and relevant links gave a sense of what
information is available and what information a manufacturer would
need to stay compliant and competitive. NISTpublishes a Ceramics
WebBook that offers free databases on most materials. For example,
a manufacturer that usesalumina could find measurements on poros-
ity, density and flexural strength for varied sizes of grains and differ-
ent pressures, information that would help the manufacturer meet
compliance requirements and learn how the product would hold up
under various stresses.The following additional links were found:

American National Standards Institute (ANSI). ANSI maintains a
list of international and regional standards institutions with links to
their sites, as well as a list of domestic standards.

International Electrotechnical Commission (lEe). IEC provides
information on electrotechnical materials and their categorization. It
offers an online database of the new, standardized electrotechnical
vocabulary so manufacturers can understand terms used in ISOstan-
dards and begin using a common vocabulary.

British Standards Online. This site offers bibliographic information
about standards and sellsBSIpublications. For a fee a businessor indi-
vidual could subscribe to the Web site and have accessto substantial
information online.

Singapore Productivity and Standards Board (PSB). The PSB's
Web site houses a full eShop where pamphlets, information on stan-
dards, and documentation can all be purchased. "Sparks" and
"plugs" were searched and eShop found pertinent documents avail-
able for S$20 and S$54. The site also links to many other Singapore
programs that assist businesses, including the new A*STAR, Agency
for Science, Technology, and Research (previously National Science
and Technology Board).

While the bulk of technical information is available only for a fee,
these sites all contained relevant information for each country on
compliance, regulation, necessarypaperwork and the like. Fora man-
ufacturer needing information on a particular product or process,
online information might be the fastest, most efficient and most reli-
able source.

Similarly, government agencies and policy analysts looking for useful
knowledge of how things are done by other governments could find
a wealth of information from the same kind of search.

Sources: http://www.ceramics.nist.gov/webbooklwebbook.htm: http://www.ansi.org!

publicJIibrarylinterneVintl_reg. html; http://domino.iec.chlievliev.nsfiWelcome?OpenForm;

http://www.bsi-global.com/index.html; http://www.psb.gov.sg!index.html.

oriented public company funded by public and private share-
holders and originally developed by UNIDO under a United
Nations Development Programme-financed project8 Operat-
ing in three areas-information, Internet service and training-

it provides information services to a broad range of businesses
that previously lacked access to global information networks.

o The information group's staff receive extensive training in
processing and marketing industrial and technical manu-
facturing information. ITMIN provides current informa-
tion on technology transfer, business intelligence,
electronic publishing, market surveys and investment
opportunities. It researches technologies relevant to Sri
Lankan firms and publishes a monthly list of adoptable
technologies for Sri Lankan firms. These information serv-
ices provide Sri Lankan companies with tools for deci-
sionmaking on available technology, production,
investment and export markets.

o ITMIN offers Internet hosting, training and customized
services ranging from Web page development to net-
worked intranets).

o ITMIN offers general classes in computer applications and
designs customized private training programs for firms.
There are special programs in information technology for
managers, accountants and secretaries.

The globalization of value chains-with a multitude of firms
acting as interconnected suppliers, intermediaries and
marketers-has been sustained by the parallel drive towards
the standardization of practices and procedures. Firm inter-
actions along the value chain require conformity with agreed
standard business practices in contracting, accounting, proj-
ect management, environment management and the com-
munication of product design and engineering information ..

Standards would be meaningless in the absence of the ability
to make precise measurements of the various attributes-
chemical, electrical, physical, and so on-of the produced
outcomes at each stage along the value chain, using common
modes of measurement across international boundaries, with
assurance that measured magnitudes are precisely correct
within agreed error tolerances. Metrology is thus the essen-
tial foundation upon which standards rest. This foundation is
maintained through a carefully linked hierarchy of metrolog-
ical agencies-some autonomous and responsible only for
metrology, others embedded with organizations having
linked responsibilities-at the international, regional,
national, and intranational levels. At the apex is the Bureau
International des Poids et Mesures (BIPM) in Paris, France,
which has been assigned by international convention the task
of assuring an evolving basis for a single, coherent system of
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measurements thought out the world, one traceably linked to
the International Standard of Units which is continually aug-
mented as technologies are developed over time.

The BIPM is responsible for certifying and calibrating the
units of measure that are maintained by national agencies,
which are in turn ultimately responsible for certifying and
calibrating the units of measure and instruments of meas-
urement that are employed in producing firms, research lab-
oratories, universities, and the like. In turn, just as the BIPM
must ensure the establishment of new standard units to
keep abreast of evolving tech nologies, so too must each
national agency ensure that its metrological assets and com-
petencies develop sufficiently in advance of the evolving
needs of the industrial base that it serves. At the same time
it must provide training and consultancy services sufficient
to develop the requisite measurement capabilities of the var-
ious entities functioning within its client base.

The International Organization for Standardization (ISO), a
worldwide federation of national standards bodies, intro-
duced the best-known standards being used today, the ISO
9000 series9 While the vast majority of ISOstandards are spe-
cific to a particular product, material or process, ISO 9000
refers to a "generic management system" standard, specifi-
cally one centred on quality control. Quality management is
what the organization does to enhance customer satisfaction
by continually striving to meet customer and applicable regu-
latory requirements in the most cost-effective manner possi-
ble. ISO 9000 certification is quickly becoming an imperative
for potential exporters, signaling quality and reliability to for-
eign buyers, retailers and transnational corporations seeking
local partners and sub-contractors.

A high-ranking priority for a developing country is therefore to
have a local institution entitled to grant ISO 9000 certification
to domestic firms. A standards institution can disseminate best
practice in an industry by encouraging and helping firms to
understand and apply new standards. Such institutions not only
manage the processof certification but also provide consultancy
seNices for firms preparing to meet those standards (box 7.5).

India is an example of a country that has a formal certification
program for ISO 9000 compliance.1o The Bureau of Indian
Standards (BIS),authorized by the government to certify com-
pliance with ISOstandards, has the following process for licens-
ing a firm for ISO 9000 standards. Firms are instructed to:

o Establish a documented quality system and ensure its
effectiveness.

o Submit an application on prescribed forms along with a
completed questionnaire and necessary fees.
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Singapore's member body in ISO is the Singapore Productivity and
Standards Board (PSB - http://www.psb.gov.sgl). PSB has several pro-
grams which are designed to ensure that domestic firms are producing
quality products. In order to help firms achieve ISO standards, PSB
Certification was created in 2001 as a separate corporatized entity born
out of PSB. Its purpose is to assess customers' management systems
based on national, international, or industry standards, such as ISO
9000. PSB Certification's web site (http://wwvv.psbcert.com/home.
htm) provides details for firms as to the application process for becom-
ing certified, even allowing online completion of the initial application
form. PSB Certification provides training events such as workshops
focusing on providing participants with the knowledge and skills to
implement ISO 9000. As PSB Certification is a private sector company,
one of its goals is to achieve $12 million revenue in three years' time.

As a public entity PSB itself has several programs to assure quality. For
example, the People Developer Standard is a three-year certification
scheme that attempts to assure that firms maintain high standards in
human resource development. Launched in 1997, the People
Developer Standard provides organizations with a systematic process
to review their human resources practices, develop staff and improve
training effectiveness. This initiative provides a good example of the
ways that a country can bring firms up to a desired standard. A vari-
ety of assistance programs are offered to this end.

Training programs designed to impart the basic knowledge on how to
set up and implement the People Developer systems are provided by
PSB, private companies, and educational institutions; PSB has a Skills
Development Fund (SDF) which supports 90 percent of course fees. It
also has an Enterprise Development Fund (EDF) which assists small and
medium-size enterprises to hire external consultants to help set up
appropriate systems; the EDP supports up to 70 percent of the consul-
tancy fee. The web site provides a list of consulting firms. Additionally,
two-hour, one-on-one discussions with National Assessors are provided
free-of-charge in order to clarify the standard's requirements, ensure
the correct implementation of the systems, and ascertain readiness to
apply for an audit. Half-day, free-of-charge workshops covering appli-
cation and audit procedures, common pitfalls and critical success fac-
tors, and the writing of assessments reports are also held. Similarly,
half-day, free-of-charge sharing sessions are held quarterly in order that
firms desiring to adopt the People Developer Standard can learn from
the experiences of newly certified organizations. Detailed instructions
on how to start the process of certification are provided online, as well
as information on how to apply (including downloadable application
forms) and how to maintain the standard once certified.

Source: http://www.psb.gov.sg.

o Submit the quality control manual and related docu-
ments, when requested.

o Arrange for an audit by a BISassessment team.

o Take corrective actions on non-conformities observed by
assessment team and get them verified.

o Obtain the license, which will enable the company to
compete effectively in national and international markets.

After registration of the application BISexamines the firm's qual-
ity control manual and quality plan to verify conformity to the

http://www.psb.gov.sgl.
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http://www.psb.gov.sg.


relevant standard. After that, BISarranges a preliminary visit to
learn the size, nature of operation and the firm's readiness for
the initial audit. An audit team from BISthen visits the firm for
the initial audit of compliance with the procedures and activities
enumerated in the documents provided and with the relevant
ISO standards. If the audit report is satisfactory, the firm is
granted a license by BISfor a period of three years. Grant of a
license is followed by surveillance audits every six months by BIS
auditors to verify implementation and maintenance of the qual-
ity system established by the firm.

The phase of export promotion that began in Taiwan Province
of China in the 1960s brought with it a concern for quality
control of manufactured goodS.11 The reason for this can be
understood by looking at the example of bicycles. Although
Taiwan Province of China exported virtually no recreational
bicycles in the 1970s, as bicycles become popular in the
United States, many wholesalers placed orders in Taiwan
Province of China solely on the basis of price. Thus Taiwan
Province of China began producing bicycles for export. Many
of these early bicycles had quality problems and defects, and
Taiwan Province of China's chance to enter the world market
was at risk. The government responded by commissioning the
Metal Industries Development Centre to design testing equip-
ment for bicycle quality control. Combined with technical
assistance, this action was instrumental in improving the qual-
ity of bicycles. By the mid-1970s, Taiwan Province of China
was exporting several million bicycles, and by the early 1980s,
it accounted for about half of the world supply.

This concern for quality was present as far back as 1953, when
the Taiwan Government first began inspecting the quality of
goods that its firms were exporting. Canned foods are another
early example of why this was important: the poor quality of
some brands was adversely affecting the international reputa-
tion of others. Inspecting each good that left the country, or
even a sampling, clearly posed a practical difficulty; the magni-
tude of exports was too great.

The system was redesigned in the mid-1970s to focus on a firm's
quality control procedures rather than on individual goods. For
example, instead of examining each bicycle shipment for defec-
tive bikes, the government now examined the way that bicycle-
producing firms ensure that only high quality bicycles are
exported. Factories were classified into three categories based
on inspection of their quality control procedures. Those scor-
ing below the minimum were not given a license to export.
Those scoring the highest were allowed to export without
inspection of their merchandise; only their quality control sys-
tem was reinspected yearly. In addition to having their sys-
tems inspected twice a year, those scoring in the middle had
a one-in-thirty chance of having individual shipments
inspected. The quality control systems of those in the third

category were inspected three to four times a year and indi-
vidual shipments faced a one-in-fifteen chance of being
inspected. The inspections were carried out by the Controls
Bureau of Standards, part of the Ministry of Economic Affairs,
in cooperation with the Bureau of Commodity Inspection and
Quarantine (these bureaus are now integrated into the
Bureau of Standards, Metrology and Inspection which has an
English language Web site12)

Productivity centres are broadly focused, geared more to indus-
trial development than to technological development alone.
They work with firms to promote efficiency and productivity in
manufacturing, often changing their focus as the problems
needing attention change over the course of development.

Productivity centers operate on a national and regional level.
At the national level they are generally funded initially by gov-
ernment and promote nationwide awareness of the need for
productivity enhancement. Most of these campaigns focus on
the positive relationship between employment and produc-
tivity growth to combat the fear that increased productivity
displaces labourers.

The Japan Productivity Centre, founded in 1955 with funds
from the United States as an organization of labour, man-
agement and academia, merged in 1994 with the Socio-
Economic Congress of Japan to form the Japan Productivity
Centre for Socio-Economic Development (JPC-SED).13The
original guiding principles emphasized that:

o Productivity gains increase employment.

o Labor and management must work together.

o Gains from productivity should be shared by labour, man-
agement and the public.

In the 1960s and 1970s the primary focus was on improving
the relationship between labour and management through
consulting services and seminars. JPC borrowed many of its
productivity ideas from Europe and the United States, bring-
ing in foreign experts for seminars and reading foreign pub-
lications. After aid from the United States ended in 1962,
businesses covered most of the expense for the JPC-SED, with
some government help. Programs increased to include grad-
uate courses, information technology programs, robotics and
automation training, database assistance, increased manage-
rial training and mental health research on employee reaction
to various workplace environments.
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The JPC-SED created many spin-off organizations, many
focusing on technology-specific improvements, such as the
Japan Industrial Engineering Association. Japan soon became
a productivity model, creating and hosting a series of inter-
national conferences, study tour programmes and workshops
for Europeans and Americans. Today the JPC-SED has
expanded its productivity models to public agencies, environ-
mental concerns and the social welfare system.

Productivity centres can thus provide vital information and
services to private firms. Institutionally, they appear to be
quite adept at spawning a network of related support organ-
izations. Together, they are changing as the industrial sector
evolves and its needs change. The Asian Tigers invested heav-
ily in setting up and developing such institutions. Even laissez
faire Hong Kong Special Administrative Region (SAR)of China
provides subsidized technology support to its exporting firms,
most of them small or medium size (box 7.6).

The national productivity centre provides a general agenda to
regional productivity centres. These regional centres provide
productivity assistance to firms and may have more local,
satellite locations. Productivity centres directly consult and
advise firms on management strategies, efficient floor lay-
outs, labour-management relations and workplace environ-
ment and environmental concerns, among others. Programs
often include a training component, which ranges from sin-
gle-day seminars to longer courses in business administration,
to financed trips and site visits, to appropriate foreign exam-
ples of successful factories and plants. In more developed
countries productivity centres shift from providing direct
advice to helping firms network and find private market con-
sultants and programs for solutions.
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Technology extension programs, sponsored and coordinated
through governments, create networks that help small and
medium-size enterprises stay viable in a competitive economy
through the use of technology to increase productivity.
Technology extension is concerned with creating small but
profitable improvements by extending already established
technology to smaller firms. While the design of technology
extension organizations differs, all of them have relationships
with small and medium-size enterprises and with sources of
technology. Technology extension programs either provide
resources that enable firms to identify needs and find appro-
priate technological solutions or engage in the actual identifi-
cation and provision of solutions by means of targeted
technical assistance.'4

126 Industrial Development Report 2002/2003

The Hong Kong Productivity Council (HKPC)was started in 1967 to
help the myriad small firms that constitute the bulk of the industrial
sector. Its focus has been helping firms upgrade from declining
labour-intensive manufacturing to more advanced, high value-added
activities. It provides information on international standards and qual-
ity and provides training, consultancy and demonstration serviceson
productivity and quality to small firms at subsidized rates, serving over
4,000 firms each year. Its on-line information retrieval system has
accessto over 600 international databases on a comprehensive range
of disciplines. Its technical library subscribes to more than 700 jour-
nals and has more than 16,000 reference books.

The HKPCacts as a major technology import, diffusion and develop-
ment agent for all the main industrial sectors. It identifies relevant new
technologies in the international market, builds up its own expertise
in those technologies and introduces them to local firms. Successful
examples of this approach include surface-mount technology and
three-dimensional laser stereo-lithography. HKPChas also developed
a number of computer-assisted design, manufacturing and engineer-
ing systems for the plastics and moulds industry, of which over 300
have been installed. HKPCprovides a range of management and tech-
nology courses, reaching some 15,000 participants a year. It also
organizes in-house training programmes tailored to individual needs.

To disseminate information technology, HKPC has formed strategic
alliances with major computer vendors and provides specially
designed software for local industry, consultancy and project man-
agement in computerization. HKPC provides consultancy services in
ISO9000 systems and has helped several firms in Hong Kong obtain
certification. It assists local firms in automation by designing and
developing special-purpose equipment and advanced machines to
improve process efficiency.

Becausesmall firms have difficulty getting information on and adopt-
ing new technologies the HKPChas always had to subsidize the cost
of its services. Despite the growth in the share of revenue-earning
work, the government still contributes about half its budget. Market
failures affecting access to technical information occur even in a
highly sophisticated export-oriented economy with highly developed
financial services like Hong Kong SAR.

Source: Lall (1996).

An example of an extension program that performs both
functions in relation to a critical, narrowly focused techno-
logical objective is the national cleaner production centre,
which assists firms in achieving best-practice standards in the
prevention of pollution (box 7.7). These centres are like pro-
ductivity centres in that they are intended to serve the full
range of a country's industries for a particular objective, but
they are otherwise like, and closest to, extension agencies.

In the United States many extension services have been pro-
vided locally by university systems. But with the inception of
the Manufacturing Extension Partnership (MEP) in 1988 and
its coverage of ail 50 states by 1997, field personnel from 400
MEP offices connect small and medium-size firms to a large
network of both public and private industrial service
providers, including university extension services. MEP per-
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The joint UNIDO/United Nations Environment Programme (UNEP)
sponsored national cleaner production centres aim to enable devel-
oping countries to promote, gain access to and use cleaner produc-
tion technologies, including technology transfer from abroad. The
NCPC's build capacity within a country for the adoption of cleaner
production to take place, promoted and chosen by professionals in
that country and adjusted to local conditions. These centres can be
considered part productivity centre ("environmental control" is not
unlike quality control in have cross-cutting, generic elements) and part
extension service (focused on the specific needs of specific enter-
prises). As they've so been operating so far, they appear closer to the
productivity centre side.

In January 1995 UNIDO began NCPC programmes in Brazil, China, the
Czech Republic, India, Mexico, Slovakia, the United Republic of Tanzania
and Zimbabwe. As of September 2001, 23 centres have been funded.
The total budget allocated since 1991 amounts to approximately $21
million, with 85 percent of the budget coming from donor countries, 10
percent from multilateral organizations and the remaining portion from
self-financing by countries receiving the centres. UNIDO acts as the exe-
cuting agency with the UNEP's Industry and Environment Programme
Activity Centre providing methodology and information. It takes approx-
imately three to five years to fully establish each centre.

An NCPC within a particular country should eventually be able to offer
the following six services:

• Short seminars to raise awareness of cleaner production and dis-
seminate general information.

• Training in cleaner production methodology.

• Dissemination of technology information needed for in-plant
assessments.

• Technical assistance, including in-plant cleaner production
assessments.

Source: UNIDa.

sonnel identify a firm's needs and problems and assist it in
finding appropriate solutions. While MEP was intended to
bring cutting-edge technology to small firms, in practice it
focuses on bringing more realistic help on existing technolo-
gies and management.

Funding for this partnership is provided by state, federal and
private funds; firms receiving assistance also pay a portion of
the cost. Their fees at most seem to cover 40 percent of MEP
operating costs; thus federal and state funding seems neces-
sary to continue providing this consulting service. Many man-
ufacturers who have benefited from MEP programs report
increased profits; surveys also suggest that extension services
increase employment and generate business growth.
Comparative studies have shown that receiving extension serv-
ices from MEP offices increases the rate of growth and adop-
tion of technology over that of firms not receiving assistance.

In Japan 170 Kohsetsushi centres provide technological sup-
port for businesses that have fewer than 300 employees.

• Advice on financing and funding sources for cleaner production.

• Policy advice.

All the centres are engaged in short-term training, dissemination of
information on cleaner production and in-plant assessments. Six of the
original NCPCs have conducted in-plant assessments at 3-16 enterprises
per year, with most falling in the 7-9 range. Some of these assessments
were actually several separate in-plant assessments, undertaken by dif-
ferent teams for different production lines. Some NCPCs, such as India's,
assist only small and medium-size enterprises, some work with all sizes
of enterprises, while others, like those in Brazil and China, deal prima-
rily with large enterprises. Enterprise staff and local, NCPC-contracted
consultants jointly identify problems within an enterprise and choose
appropriate technological changes. In 1997 and 199B half the 439 iden-
tified cleaner production options were improvements in housekeeping,
changes that are easily identifiable and have a high benefit/cost ratio.
Overall, only 64 percent of the identified cleaner production options
were implemented. Implementation rates vary, with housekeeping
measures having the highest implementation rate (76 percent) and
changes in process technology having the lowest rate (37 percent). The
need for investment and the time required for major technological
change help to explain this discrepancy.

This tendency to choose low-investment options becomes reinforced
when in-plant assessment staff know of financing constraints and thus
recommend low or noninvestment options. Only about 3 percent of the
cleaner production options included a transfer of technology, which were
all purchases of capital goods rather than purchases of licenses: new
equipment, hardware modifications and replacement equipment.
However, the cleaner production methodology itself can be viewed as
technology transfer as can the information and know-how transferred
from foreign experts, consultants, and counterpart (twinned) institutions .
The NCPCs did, however, seem to improve local transfer of technology
within countries. In Slovakia, enterprises acquired and adapted technol-
ogy from a local university, and in Brazil, China and Mexico, companies
purchased environmentally sound technologies from local producers.

Unlike extension services in the United States, they provide
only technological services-management and financial serv-
ices are left to other agencies. Charging only nominal fees to
their clients, the centres were created and sponsored by the
central government, but maintain relationships with local and
prefectural governments. They conduct research, have open
laboratories for training, test and examine products for com-
pliance, provide advice and guidance and promote technology
diffusion and information dissemination. Because of the long-
term relationships between large manufacturers and the
smaller manufacturers of their inputs, the centres meet the
demands of both-sized firms by focusing on the testing and
analysis of materials and products-promoting quality, per-
formance and precision while ensuring standards among the
input suppliers.

Managers of small firms appreciate and depend on the per-
sonalized services that the centres provide and prefer dealing
with them than with universities. Traditionally, these small firms
simply produced intermediate inputs with new product design
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and engineering coming down from the larger firms. These
same small firms, guided by the Kohsetsushi centres, are now
designing new products and spurring technological growth
among themselves-innovating themselves rather than simply
following larger firms' leads. Without the government-funded,
highly localized centres, most of these small firms would not
have accessto technological advice or capability, to their detri-
ment and that of the larger companies that use their products.

Many developing countries have recognized the need for
extension services to help small and medium-size enterprises
produce better products with better technology.ls Chile's
Technical Cooperation Service (SERCOTEC)has provided tech-
nical support since the 1950s. One successful project provided
technical assistance to honey manufacturers in Litueche,
replacing traditional hives with modern ones and adding more
hives, increasing the overall yield from 600 kilograms a year to
18,000. In Pomaire, Chile, SERCOTEC helped local pottery
craftsmen implement the technology of gas ovens that would
mimic the traditional wood-burning ovens yet efficiently pro-
duce lead-free pottery. This change increased productivity and
led to exports to markets demanding lead-free products.

South Africa's National Productivity Institute and Industrial
Research Organization have formed a partnership to create
the National Manufacturing Advisory Centre (NAMAC).
NAMAC is to eventually consist of nine manufacturing advi-
sory centres (MACs)-regional centres that target and advise
small manufacturing firms (under 200 employees) in various
industries. MACs strive to increase competitiveness and effi-
ciency by upgrading firms' technological capabilities and pro-
viding other business support services including financial
services, plant layout redesigns and export and marketing
information. Individual MACs provide their own services on a
for-fee basis and direct firms to appropriate service providers
or sources of export intelligence. NAMAC is additionally
funded by partnering member organizations and the Danish
foreign ministry. Currently, two of the proposed nine centres
are fully functional and operating.

The Government of Taiwan Province of China also provides
an extensive range of support to its myriad small and medium-
size enterprises, allowing them to compete in extremely skill-
and technology-intensive industries without being able to
invest large amounts in in-house R&D.

Taiwan Province of China's technology infrastructure for sup-
porting its many small and medium-size enterprises is perhaps
one of the best anywhere. There are around 700,000 small
and medium-size enterprises in Taiwan Province of China,
accounting for 70 percent of employment. 55 percent of gross
national product (GNP) and 62 percent of total manufactured
exports. In 1981 the government set up the Medium and Small
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Business Administration to support small and medium-size
enterprise development and coordinate the several agencies
that provided financial, management, accounting, technolog-
ical and marketing assistance to small and medium-size enter-
prises. The government covered up to 50-70 percent of
consultation fees for management and technical consultancy
services for small and medium-size enterprises. The Centre-
Satellite Factory Promotion Programme of the Ministry of
Economic Affairs integrated smaller factories around a princi-
palone, supported by vendor assistance and productivity rais-
ing efforts. By 1989 there were 60 networks with 1,186
satellite factories in operation, mainly in the electronics
industry.

The Taiwan Province of China Handicraft Promotion Centre
supports handicraft industries, particularly those with export
potential. Its main clients have been small entrepreneurs,
most with under 20 employees. In addition, the Programme
for the Promotion of Technology Transfer maintains close
contact with foreign firms with leading-edge technologies to
facilitate the transfer of those technologies to Taiwan
Province of China.
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Small and medium-size enterprises can often work with sup-
port agencies to propel their innovation and learning. The fast
spread and absorption of new ideas have been documented
for today's developing country clusters.16 Examples range
from the autoparts cluster in Kumasi (Ghana), to the clothing
cluster of the Western Cape (South Africa), the footwear clus-
ter in Leon (Mexico) and the surgical instrument cluster in
Sialkot (Pakistan). Individual small and medium-size enter-
prises rarely have the resources or connections to tap the
global wealth of product and process ideas. So, where can the
new ideas come from?

Small and medium-size enterprises have three main ways to
gain access to knowhow. The first is by pooling resources and
acting together. Joint stands at key international trade fairs are
an example. Participating in these fairs is not just about
selling-it is also about learning through direct contact with
potential customers. The second possibility is to rely on a local
technology institute, funded by government or foreign donors,
for the import of new technology. A successful example is
CETMAM, a technology institute in Curitiba (Brazil), which
helped the furniture clusters in the state of Parana accelerate
their product and process innovation. The third possibility is
learning through foreign buyers. This route deserves particular
attention because some of the most successful developing



country clusters operate in buyer-driven chains (chapter 6). In
many cases, the global buyers have enabled local producers to
innovate in the sphere of production, particularly to raise qual-
ity and speed. Such improvements in products and processes
are clearly in the interests of the buyers.

Unfortunately, the majority of small and medium-size enter-
prises clusters in developing countries are underperformers,
unable to link, leverage and learn more advanced product and
process technologies and to integrate with value chains-on
a regional, national or global basis. Moreover, they may be
locked into a vicious cycle of cut-throat competition, falling
profit margins, deplorable working conditions and mounting
environmental degradation.

Cluster development institutions can drive firms to take cer-
tain kinds of collective actions, such as collaborating to
acquire certain new competencies, while remaining fierce
competitors in other product markets (box 7.8). There are
many examples of such institutions in East Asia, where the
linkage and leverage strategies have been best developed. In
Taiwan Province of China, small firms have been encouraged
to ally themselves in R&D consortia, where technological
guidance is provided by a public sector laboratory. The key
organizations within these R&D-promoting institutions are
private firms and the laboratories. But important guiding and
catalytic roles are also played by government ministries, par-
ticularly the Ministry of Economic Affairs (for funding and
audit), and by trade associations, which legitimize the R&D
consortia in the eyes of their member firms and recruit new
firms for membership of the consortia (box 7.9).

Seldom is one form of service sufficient-complementary
services required to deal with intertwined or linked problems
and opportunities in distinct areas of firm behavior. The more
targeted the package of services on specific types of firms, the
more likely their usefulness to firms. The greater the partici-
pation of firms in defining and designing the services offered,
the more likely are better results. Services may be provided
publicly (government) or collectively (industry association).

Institutional support for clusters can cost-effectively increase
quality and production while supporting a collaborative, inno-
vative environment. Governmental and private sector institu-
tions and organizations can provide necessary training and
technical advice, promote cooperation between firms and
help link local industries with foreign export markets. Just as
most clusters arose spontaneously, so have the private insti-
tutions that support them-in organizations of firms, for
example.

In both the Leon and Guadalajara footwear clusters in
Mexico, the local "Camara del Calzado" shoe making entre-
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Colorful hand-block printing enjoys a long tradition in Jaipur, the cap-
ital of Rajasthan, where approximately 550 small and very small firms
engage in both hand-block and screen printing and provide employ-
ment to almost 10,000 workers. But the ability of the local artisans
to penetrate profitable national and world markets was severely con-'
strained. As a result, the artisans were locked in a vicious cycle of cut-
throat competition, falling labor standards and mounting
degradation of the environment.

An action plan (developed by cluster stakeholders with UNIDO sup-
port) for the cluster of Jaipur envisaged enhancing the design, pro-
duction and marketing capacity of local firms-and developing a
product image (including a common brand) in line with current mar-
ket demand.

Manufacturers already in international markets joined in an export con-
sortium (COTEX-Consortium of Textile Exporters)for the realization of
common initiatives. Artisans previously relying on traders for marketing,
organized the Calico PrintersCo-operative Society(CALICO)to expand
their market both domestically and abroad.

• An ad hoc training program was launched to strengthen the mar-
keting competence of CALICO members.

• A demonstration fair was arranged in Jaipur to allow the artisans
to make full use of their newly acquired skills.

• Several training courses were organized (on marketing, design,
merchandising) in collaboration with key Indian technical
institutes.

• Participation in national (New Delhi) and subsequently interna-
tional fairs (in Florence and in Osaka) was arranged so that arti-
sans could assesstheir capacity to handle direct meetings with
potential buyers on a much larger scale.

• A common brand was created to identify traditional Jaipur prod-
ucts that satisfy strict standards of product quality and production
techniques.

One outcome of these activities is that.the traditional bitterness and
conflict have disappeared. Local producers have learned to trust each
other and to cooperate with their local partners (small and medium-
size enterprise support institutions, providers of business develop-
ment). Structural problems are now tackled through collective
ventures planned and implemented by the cluster actors themselves.
Such ventures include initiatives to enhance technological compe-
tence (introduce new production technology, improve inventory
management, reduce drudgery), curb pollution (waste processing,
cleaner production technology) and increase accessto credit (mutual
credit guarantee schemes).

Moreover, several producers associations and self-help groups have
been established in the cluster, along the lines of COTEXand CALICO.
As the collaboration among cluster actors has increased, these repre-
sentative bodies havestarted to collaborate with greater frequency, pro-
viding a forum for a sustainable clusterwide governance framework.

Source: http://www.unido.org/33112.htmls.

preneur's association provides numerous support services to
drive the success of each cluster. Leon hosts 51 percent of
Mexico's shoe-production, most of it men's and children's
footwear. Guadalajara has 22 percent market share, con-
centrating on women's shoes. Services of the Leon and
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Unlike Japan and Republic of Korea, both dominated by giant firms,
the most significant players in Taiwan Province of China have been
small and medium-size enterprises whose entrepreneurial flexibility
and adaptability have been the key to their success.Underpinning this
successis the effort of public sector research and development insti-
tutes, such asTaiwan's Industrial Technology ResearchInstitute (lTR!).
Since its founding in 1973 ITRIhas acted as a prime vehicle for lever-
aging advanced technologies from abroad and rapidly diffusing or
disseminating them to Taiwan's enterprises. This cooperation
between public and private sectors, to overcome the scale disadvan-
tages of Taiwan's small firms, is characteristic of the country's tech-
nological innovation strategies and of new high-tech sectors.

Taiwan's current dominance of mobile personal computers (PCs),for
example, rests at least in part on a public-private consortium that
rushed a product to world markets in 1991. Taiwan's strong per-
formance in communications products such as data switches, which
now dominate in PC networks, similarly rests on a consortium that
worked with ITRIto produce a switch to match the Ethernet standard,
in 1992/93. When IBM introduced a new PC based on its PowerPC
microprocessor, in June 1995, Taiwan firms exhibited a range of com-
puting products based on the same processor just one day later.
Again this achievement rested on a carefully nurtured R&D consor-
tium involving both IBM and Motorola, joint developers of the
PowerPC,asexternal parties. Thesesuccesseswere followed by many
more R&D alliances in digital communications and multimedia areas.

Taiwan Province of China is emerging as a potentially strong player
in the automotive industry, particularly in the expanding China mar-
ket, driven by its development of a 1.2 litre 4-valve engine; again, this
is the product of a public-private collaborative research endeavour
involving three companies, which have now jointly created a new
Taiwan Engine Company to produce the product.

The R&D consortium is an inter-organizational form that Taiwan has
adapted as a vehicle for catch-up industry creation and technological
innovation. Some of these consortia have been more successful than
others-but all seem to have learned organizational lessonsfrom the
early caseswhere government contributed all the funds, and research
tasks were formulated in generic and overly ambitious terms for the
companies to take advantage of them.

The more recent R&D alliances have been more focused, more tightly
organized and managed, and have involved participant firms much
more directly in co-developing a core technology or new technolog-
ical standard which the firms can incorporate, through adoption and
adaptation, in their own products. The basic model of the alliances a
process in which R&D costs can be shared, and risks reduced, by
bringing many small firms together to work with ITRI,the main vehi-
cle for leveraging. The goal is the rapid adoption of new technologi-
cal standards, products or processesdeveloped elsewhere, and their
rapid diffusion to as many firms as possible.

Sources: Mathews and eho (2000); Mathews (forthcoming).

Guadalajara camaras include trade fairs; business support in
financial, legal, and managerial advice and training; and such
technical assistance as bringing in foreign experts.
Membership fees from firms and profits from the trade fairs
fund the camaras.

The associations also promote cooperation and closer integra-
tion among firms by working with them on the standardization
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of measurement systems and by forming "agrupamentos
industriales". These loose groups are composed of many firms
that agree to visit each other's factories. These visits allow
knowledge exchange, promote discussion and trust and
increase innovation and collaboration. Member firms are also
required to have external experts audit their plants, which leads
to greater efficiency as problems are diagnosed and resolved.

The camaras are important in helping their members respond
to the cheap imports that have flooded Mexico's no longer
protected domestic shoe market, enabling members to
increase the quality of inputs and become more efficient. The
camaras have also provided an effective means of looking to
higher end shoe markets in the United States. Because the
success of shoe manufacturers often depends on the current
shoe fashion and what sells, the camaras pay special atten-
tion to fashion trends and help firms adjust their manufac-
turing to meet the market's needs.

A Ministry of Industries program additionally encourages joint
marketing, joint brand names and empresas integradoras that
form groups to buy inputs and sell output collectively. Local
credit unions have developed within the clusters to facilitate
better loan access and encourage this collective input pur-
chasing. Research has shown that the local initiatives taken by
these various institutions have significantly influenced the sec-
tor and resulted in numerous positive externalities.

India's Tiruppur cluster of cotton knitwear manufacturers
uses local institutions for assistance with marketing, exporta-
tion and design innovation. The governmental Apparel Export
Promotion Council administers a quota system that limits
what producers can export under bilateral trade agreements,
promotes exports and also helps local companies understand
bilateral trade agreements. This organization creates market
survey teams, actively finds new markets, organizes trade del-
egations and collects data on knitwear trade. The Tiruppur
Exporters Association also explores new markets and collects
marketing data. With 248 regular members and 134 associ-
ate members the association has also put in place a self-
financed industrial complex for export knitwear producers
with production facilities for 157 firms. It is now working to
improve local infrastructure by financing sewage treatment
and more telephone lines.

To complement marketing and export promotion by these
institutions, the autonomous South Indian Textiles Research
Association (SITRA) researches and tests cotton fibers to cre-
ate finer-count cotton and develops new spinning and weav-
ing techniques. It plans to build a training centre and research
laboratory that would test cloth and dyes for compliance with
standards and would research incorporating design technol-
ogy into Tiruppur knitwear manufacturing. Government



grants, revenue from services and assets and membership
fees fund SITRA, with member mills paying both admission
and recurring fees per spindle, rotor and shuttle100m. Despite
labour being cheaper elsewhere in India, this knitwear cluster
continues to grow and successfully export, aided by local insti-
tutional support.

Thus the public and private sectors together have created local
institutions to provide support that collectively benefits the clus-
ter. This emergence of private, membership-based institutions
signals that firms in the cluster see the potential gains from col-
laboration and find it cost-effective to join institutions. Similarly,
government bodies see cluster support as an investment in the
sector's global viability and the country's economic health.
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Most of the industrial R&D that is relevant to the needs of
developing countries is what might be termed "transfer-
related" R&D. Unlike "inventive" R&D, which takes place on
the global technological frontier and seeks truly novel prod-
ucts and processes, transfer-related R&D aims at the assimi-
lation, adaptation and improvement of technologies
transferred from elsewhere. Simple in-plant experimentation
to learn the optimal configuration of process and product
parameters is but one form of low-level transfer-related R&D.
At the highest level, such R&D takes place in specialized,
sophisticated labs that are very much like their counterparts
in industrialized countries in terms of equipment and staffing.

Because of their limited resources, small and medium-size
enterprises are generally unable to engage in other than rel-
atively low-level transfer-related R&D. Government-spon-
sored R&D laboratories thus have a critical role to play in
developing and transferring technology to small and medium-
size enterprises. Recognizing this, the government of Taiwan
Province of China established a number of such laboratories
that have very effectively served the needs of the many small
and medium-size enterprises that form the bulk of the indus-
trial sector.17 The activities of these laboratories, most of
which are specialized t.o serve a particular industry, have over
time encompassed many levels of transfer-related R&D.

Several technology research institutes provide R&D support to
the private sector. The China Textile Research Centre, set up
in 1959 to inspect exports, expanded to include training,
quality systems, technology development and directly acquir-
ing foreign technology. The Metal Industries Development
Centre was set up in 1963 to work on practical development,
testing and quality control work in metal-working industries.

It later established a computer-aided design and manufactur-
ing centre to provide training and software to firms in this
industry. The Precision Instrument Development Centre fab-
ricated instruments and promoted the instrument manufac-
turing industry, and later moved into advanced areas like
vacuum and electro-optics technology.

At the apex stands the Industrial Technology Research
Institute (ITRI),established in 1973 under the direction of the
Ministry of Economic Affairs, which has specialized in the
transfer of sophisticated, frontier-or-c1ose to frontier, tech-
nology to introduce entirely new industries into the fabric of
the economy's industrial sector. The technology is sourced
(searched for and assessed)by ITRI,then mastered by its staff,
in the course of carrying out what adaptations appear war-
ranted in the local context, then extended to firms.
Sometimes the transfer involves formal modes of foreign sup-
ply (licensing), other times it does not. ITRI's role has pro-
gressed from being the singular implementer of the first steps
(singular in the sense of without much cooperation by firms,
some of which were accomplishing similar transfers on their
own) to being the coordinator of collaborative consortia of
key firms involved in cooperatively undertaking transfers.

An example of a success story of upgrading the technology
of an existing industry is the bicycle industry. In 1984 the
Materials Research Laboratories division of ITRI, working in
close cooperation with a local producer, Ih Ching Company,
developed a carbon fiber-epoxy composite rapier wheel for
shuttle-less weaving machines. This technology was adapted
to another use in 1987, again in a successful collaboration.
Together, Materials Research Laboratory and a local bicycle
company, Giant Machine Co., developed an advanced bicy-
cle frame made of a carbon-epoxy composite. This technol-
ogy was systematically transferred to local firms. This,
together with its upgrading, led to a revival of Taiwan
Province of China's bicycle exports in the 1990s. Taiwan
Province of china's bicycle industry is now one of the world's
most advanced and successful.18

In thinking about sequencing, having an ITRIcomes later. By
its nature, it is highly sophisticated and requires highly quali-
fied human capital. Sectorally focused R&D institutes meant
to complement extension services prove useful much earlier,
in sequential terms, than an ITRIclone.

The highest priority at the outset should probably be given to
general service organizations having relatively limited require-
ments for highly skilled technical personnel. This would enable

Supporting innovation and learning by firms 131



serving the greatest number of potential clients without need
to predetermine which industrial sub-sectors should be given
priority. That would in part be learned through the operations
of the initial organizations, as could the details of administer-
ing service organizations and linking them effectively to indi-
vidual firms and their needs and problems. Certainly, high
priority should go to the reform of existing organizations that
serve, or could be reformed to serve, industries in which the
country should readily be able to realize a competitive
advantage.

As a general rule, organizations-whether newly formed or
being reformed-should not seek staffing at a level of techni-
cal expertise too far in advance of that in the firms to be served,
certainly not at the outset. The point is to gain the advantages
of incremental learning, starting with modest means and
expectations, learning as experience is accumulated on what
works and what does not. The point is equally to ensure the
capability for effectively serving firms in small, manageable
ways before investing large sums to secure technical expertise
without knowing that it can be effectively deployed in ways
that will increase firms' levels of productivity.

For further details on sources, information and the literature on sub-

jects covered here, see the background papers.

1. Benefits that accrue to service recipients increase the general tax base

from which government revenues are derived, providing an indirect

means of overtly recovering fixed costs, one that figures prominently in

some discussions of service provision in the developed countries.

2 See Pack and Westphal (1986, pp. 102-126).

3. Loewendahl (2001).
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TINDUSTRY CAN BE A POWERFUL ENGINE FOR GROWTH AND STRUCTURAL

transformation in developing countries. It remains vital to
innovation and to the creation of new skills, organiza-

tions and attitudes. It lies at the core of technology transfer,
learning and diffusion. It is thus essential for ensuring sus-
tained productivity growth. And its importance is increasing.

To be emphasized is the enormous productive potential of
new technologies and organizational methods (such as plug-
ging into global value chains). There is enough productive
knowledge around to transform standards of living in many
poor countries, if they could build the capabilities (and raise
the investment resources) to exploit them. The continuing dis-
parity in competitive capabilities raises urgent problems, and
it isvital to reverse this. The widespread liberalization of trade,
investment and information flows is making it possible for
industrial activity to encompass the developing world and to
transfer resources to their enterprises. In short: the potential
of harnessing industrialization for sustained development has
never been greater. And the costs for countries that fail to
realize this potential have never been larger.

So far, only a small number of developing countries are real-
izing the full benefits of industrialization. The data clearly
show that industrial performance is diverging within the
developing world-a few successful economies are pulling
away from the rest. And there are few signs of reversal. Nor
does this appear to be simply a delayed reaction to global-
ization and liberalization. If it were, it would have corrected
itself by now.

The divergence of the groups of developing countries reflects
the development of strong drivers of industrialization in only a
handful of them. And it is highly likely that countries will diverge
even more. Vexing and undesirable, this needs to be reversed.

The developing countries can build competitive industrial capa-
bilities in the current setting. This is not in doubt. Also clear is
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that building these capabilities, faced by pervasive market and
institutional failures, needs extensive policy support. But policy
interventions in developing countries do not have a happy his-
tory: inefficiency and waste have marked the post-war
experience of planning, import-substitution and state-led indus-
trialization. Even so, the countries that employed industrial pol-
icy in export-oriented environments-with complementary
policies to build skills, technological capabilities and supporting
institutions and to leverage foreign resources-show that such
strategies can radically transform the industrial landscape in less
than a generation.

A natural starting point in formulating national strategies and
policies is for countries to benchmark their industrial per-
formance along the lines detailed in chapter 3. They can also
benchmark the drivers of that performance by looking at the
key structural variables-at local technological effort, at for-
eign direct investment, at licensing royalties paid abroad, at
physical infrastructure (chapter 4). That way, they can posi-
tion themselves to see what technological capabilities to
develop, what global value chains to latch onto and what
services to support for innovation and learning. These efforts
cannot be left to detached policymakers alone. Needed are
broad coalitions of public, private, civil and academic players,
committed to agreeing on a vision that can give direction to
their industrial strategy.

As this chapter stresses, however, a country's industrial poli-
cies have to be couched in the broader developmental per-
spective of creating wealth and enhancing welfare. The idea
is not just to promote industry. It is to promote efficiency
throughout the economy-to sustain productivity growth and
to ensure that the benefits are distributed equitably. That
requires paying great attention to the framework conditions
of political, social and macroeconomic stability-not just for
industry but for all of society. It also requires putting in place
the institutional foundations, again not just for industry but
for all of society.
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Successful, sustained industrial development can take place
only if the economic and political conditions are right. On this
the consensus is widespread. The most fundamental condi-
tions are clearly political, social and macroeconomic stability.
Without them, investors of all kinds, local and foreign, will shy
away, and the signals investors respond to may be distorted.
High inflation rates will induce investors to eschew long-term
projects in favour of short-term ones-and to shift from pro-
ductive activities to those where payoffs are quicker and
larger (property or stocks). Overvalued exchange rates will dis-
criminate against exportable activities. An unstable political or
social climate can induce short-term investments or drive
them overseas. And so on.

Along with stability is an equally important need for clarity
and predictability in the policy environment. Otherwise,
capacity building and capability accumulation will suffer.
These factors are even more important for internationally
mobile resources, such as foreign direct investment. Some
international investors may be willing to accept high levels of
risk. But they will demand high premiums, tending to focus
on quickly extracted resources rather than on building long-
term competence.

Good policymaking goes beyond clarity and predictability-it
increasingly entails transparency and participation. Trans-
parency in the policy process inspires confidence. Participation
ensures trust and the flow of information. Indeed, networking
between governments and the other main actors is perhaps as
important for effective policy design and implementation as it
is for innovation. Why? Because policies, while predictable in
broad terms, also have to be flexible and adaptable in their
details and application. In a world of constant change, it is not
always possible to correctly anticipate policy needs or to pre-
dict the consequences of particular measures. For processes as
complex as industrial restructuring, upgrading and innovation,
it is imperative to build in policy learning and flexibility.'
Coherent strategy has, in other words, to be a learning process
involving major stakeholders-exchanging information and
sharing in implementation.

Being competitive entails greater openness to markets, to
imported technology, to information flows-indeed, to new
ideas. Export competitiveness, in particular, requires close and
frictionless contact with foreign sources and customers. It also
requires low business transaction costs (dealing with rules, reg-
ulations and the bureaucracy) and good governance. To attract
export-oriented foreign direct investment, especially in high-
tech industries, requires a very efficient business environment.
The growing significance of efficient supply chain management
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means that locations must offer more than good transport
infrastructure. Also needed are rapid import and export proce-
dures. In general there is a move away from discretionary pro-
cedures in dealing with the private sector and towards simple,
universal rules that are easy to understand and comply with.

The Asian Tigers built up these framework conditions. They
had a leadership committed to competitive industrial devel-
opment, complemented by a broad education base and a
fairly equitable income distribution. The government bureau-
cracy was skilled and highly respected-more important, it
was relatively insulated from day-to-day politics and able to
respond pragmatically to change. These attributes were not
inherent to Asian society. Quite the contrary, these policy
capabilities were built up in a long process of experimenting,
making mistakes, changing and learning-very similar to the
process of building industrial capabilities.2 This policy learning
may not be replicable in its entirety. But as studies note, it
does offer lessons to other countries3 Improving the bureau-
cracy, its base of skills and information, its coherence and link-
ages with the private sector-all these are things that
governments can do elsewhere. The pace will depend on cir-
cumstances, but the process is clear-gradual and cumula-
tive, advancing a step at a time.

Of the many framework imperatives required for dynamic
industrial development, each is necessary but collectively they
cannot be shown to be sufficient (box 8.1). Indeed, the list in
box 8.1 is not a list of policies-it is a list of framework imper-
atives to pay attention to. Each country has to use that list as
a starting point for designing the policies best suited to its
conditions and aspirations. The East Asian countries paid
careful attention to each, but no two countries attained each
in precisely the same way. Indeed, the considerable diversity
among the East Asians' attainment of the imperatives rein-
forces the previous message: each country must design its
own strategy with the expectation that it will, in the details,
contain unique elements. The diversity among all countries
will be as apparent in policy design and implementation as in
institutions and organizations.

The framework imperatives are of fundamental importance for
achieving and maintaining internationally competitive produc-
tion, at the outset and as industrial development unfolds. Their
vital significance can be seen wherever there is an apparent
competitive advantage that is not being realized. Clothing pro-
duction in Senegal (box 8.2) provides a fruitful illustration of this
point, fruitful because it highlights two critical corollaries. One
is that the imperatives are not easily or trivially put into practice.
Reforms to implement them have more often been problemat-
ically incomplete. The other is that the framework imperatives
must be seen as vital instruments of a coherently framed strat-
egy, aggressively pursued.
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1. Policies assuring macroeconomic stability-within rather narrow
limits, and both in reality and in expectation-are important to
encourage rapid factor accumulation and allocation in accord with
comparative advantage (dynamic and static) as well as to make
possible quick and effective responses to disruptive shocks. They
are reflected in:

• Relatively low inflation rates and positive real interest rates.
• Fiscalbalance (between government revenues and expenditures).
• Real(purchasing power parity) exchange rates maintained at levels

not greatly overvalued, if at all, relative to free-trade exchange rates.

2. Policieshave to ensure resource allocation in accord with dynamic
(or potential) comparative advantage, where ensuring is to be
understood in the sense of maximizing the likelihood that alloca-
tive decisions are made on the basis of rapidly achieving and then
maintaining internationally competitive production, whether sales
are in open competition on world markets or on the domestic mar-
ket in unprotected, unsubsidized competition with imports.

3. Rapid accumulation of physical and human capital-that is, the
rapid growth of factor inputs-requires:

• Forward-looking provision of infrastructure, sufficient to avoid
problematic bottlenecks.

• Expeditious attainment, first, of universal primary education-
then, secondary education.

• Attention to technical training and to technical education (engi-
neering and scientific) at the tertiary level.

4. Successful agricultural development is important for equitable
development-and to ensure that appropriate balance is main-
tained across sectors as each develops.

5. Institutions are required to enable effective commerce among eco-
nomic agents:

• Contractual arrangements, explicit or implicit, having adequate
sanction, formal or informal.

• Incentives, whether rooted in individualism and private property
or in social solidarity pacts of one kind or another, free from being
undermined by capricious authority.

• Mechanisms fostering adaptive institutional and organizational
change in the context of underlying social stability.

6. Competent bureaucracies are needed to orchestrate the develop-
ment process effectively.

Source: Westphal (forthcoming).

The objectives of policy reform must be stated in precise, oper-
ational terms, terms sufficient to permit meaningful monitor-
ing of their achievement, this to enable the revision of policy or
its implementation when necessary to accomplish the objec-
tives sought. Strategies aggressively pursued are no less rele-
vant to accomplishing sufficient policy reform than they are to
achieving continued technological development, this even
though the purpose in one case is to unleash market forces
toward productive ends and in the other to supplement those
forces so as to overcome market failures.

Regardless of their necessity, the framework imperatives are
not sufficient to enable sustained innovation and learning

Box8.2 ~~Iix3~

Senegal should, from all appearances, have a strong competitive
advantage in exporting clothing. At least that is the opinion of knowl-
edgeable experts who have examined its prospects closely. Among its
advantages are a location close to European markets and, very impor-
tant, a vibrant informal sector of thousands of highly skilled, hard
working tailors who produce for the high end of the local market.
Senegal has also undertaken reforms to bring its policies into closer
conformity with the fundamental imperatives. It has put in place what
appears to be a typical package of investment and export incentives
designed to attract foreign investment to its export processing free-
trade zone.

But Senegal's export performance in clothing is below what would
be expected on the basisof the reforms already undertaken. Why? A
careful field study, including interviews, found that formal sector
clothing producers were frustrated in their attempts to export.
Among the reasons:

• Difficulties obtaining on-time deliveries from local fabric produc-
ers, and deficiencies in their quality control.

• Inadequate accessto finance required to upgrade plant and equip-
ment and to increase employment; insufficient technological
capability to export in large volume .

• Absence of managerial and marketing knowledge to sell in export
markets, with no practicable notion of how to attract foreign buy-
ers or partner with foreign firms to enter clothing value chains.

• Poor quality of infrastructure (leading, for example, to frequent
electricity blackouts) and government services (in contrast to the
favored treatment of large fabric producers).

• Locational disadvantages due to being far removed from sources
of imported fabrics.

• Training institutes incapable of providing useful training, and other
supporting institutions ineffective in providing useful support.

The Government of Senegal has initiated consultations with the pri-
vate sector to address these deficiencies. With UNIDO assistance, it
plans to formulate a strategy to upgrade the competitiveness and
capabilities of the textile sector, including establishing a textile cen-
ter to promote exports.

Source: UNIDO and Golub and Mbaye (2000).

leading to continued industrial development. And they cer-
tainly are not sufficient if the imperative of resource allocation
in accord with dynamic comparative advantage is conceived in
narrow terms, adequate only to ensure the realization of static
comparative advantage based on existing resources and com-
petencies. This can be seen wherever the achievement of a sig-
nificant competitive advantage in one area does not unleash
a chain-reaction of innovation and learning that leads to a
deepening of that advantage and a broadening of competitive
advantage in unrelated areas (box 8.3).

The framework imperatives reflect two successive generations
of international consensus about the conditions required for
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The Mauritius clothing industry embarked on a successful path of export-
ing in the 1970s, and clothing exports continue to be the mainstay of its
industrial sector. Careful reading of the studies to ascertain the basis of
Mauritian success leaves no doubt that its exports are in large part the
result of adherence to the framework imperatives. Not only do exporters
in Mauritius benefit from a virtual free-trade regime governing their activ-
ity-they also enjoy an institutional setting that is free of the features that
militate against profitable private entrepreneurial activity.

But adherence to the fundamentals in Mauritius entails export pro-
motion in the presence of high levels of import protection. Moreover,
serendipitous factors, some the product of its history, have played an
undeniably important role. Its favorable institutional conditions derive
from its particular social and political history, and it enjoys important
trade preferences under the Multi-Fibre Arrangement. In turn, its
colonial heritage includes a small community of well-connected eth-
nic Chinese who were instrumental in attracting Hong Kong Special
Administrative Region (SAR) of China firms to initiate clothing exports
from Mauritius. Hong Kong SAR-owned firms remain an important
presence in the sector.

It is not enough simply to have succeeded at the outset; an evolving
strategy is required if the momentum once gained is not to be lost.
Here Mauritius has failed. Having created a successful albeit narrowly
focused export enclave, the government has no promising strategy to
exploit its potential linkages into the rest of the industrial economy
or to foster deeper competitive advantages in clothing exports or to
broaden the scope of the country's industrial competitive advantages
beyond clothing. In short, Mauritius seems to lack a strategy for
ensuring that innovation and learning will lead to continued indus-
trial success.

Sources: Romer (1993); Rodrik (1990); Subramanian and Roy (2001); Lall and

Wi9naraja (1998).

accelerated economic development and thus about what
should be the objectives of reform. The first generation cen-
tered on the so-called Washington Consensus regarding the
necessity for macroeconomic stability and-using the popu-
lar aphorism-" getting the prices right". The results of first
generation reforms-of policies affecting resource accumula-
tion and allocation-in the countries that seriously undertook
them were distinctly mixed. Thus were born the second gen-
eration of reform imperatives focused on achieving a con-
stellation of enabling economic, political and social
institutions.

Policy reform sometimes requires a degree of radical institu-
tional reform, while fundamental changes in the overall insti-
tutional setting often take place only over comparatively long
periods in what is at best a loosely coordinated fashion. But
there is ample reason to believe that policy and institutional
reforms taken together are insufficient to trigger the activities
of innovation and learning required to achieve rapid produc-
tivity growth in the industrial sector. Chile, for example, has
realized substantial development gains from its reforms of
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policies and institutions, but dynamic forces leading to rapidly
increasing productivity have not taken hold in its industrial sec-
tor. What is missing in such cases is what was present in East
Asia: a recognition of the necessity to serve the innovation and
learning needs of firms.

A third generation of reforms, one that emphasizes the criti-
cal importance of innovation and learning, is at hand4

Industrial catch-up has been accelerating. What the Republic
of Korea and Taiwan Province of China achieved in three
decades took Japan much longer; Japan industrialized much
faster than early predecessors, and today China seems set to
overtake the records set by the Republic of Korea and Taiwan
Province of China. Yet many latecomers are failing to catch
up at all in the same technological, trade, investment and
information environment. Their industrial capabilities are
inadequate to the challenge of competitive growth. The
explanation for the different development of national capa-
bilities lies first in the presence or absence of the framework
imperatives-then in the attention to innovation, learning
and industrial development in a coherent country strategy
and policy framework.

Policies must thus be changed, reoriented to focus squarely
on domestic innovation and learning, on the building of
industrial capabilities by linking to global markets and lever-
aging foreign resources. The objective of industrial strategies
and policies is to develop and sustain competitiveness and
productivity growth-the only viable way to promote indus-
trialization today.

This simple but vital objective has many ramifications. At the
outset, it usually entails the restructuring and upgrading of
industrial activities. This in turn involves developing new capa-
bilities, productive facilities and links with global value chains.
To sustain long-term growth, leading to higher wages, also
entails moving up the quality and technological ladder, within
existing activities and across them, from simple to complex.
Industrial maturation inevitably involves such structural
upgrading in manufacturing, with the promise of significant
benefits.

Over the past half century far-reaching institutional and
technological changes have fostered the extensive vertical
separation of production into separable, sequenced
activities-from raw materials extraction through interme-
diate stages of production to sale of finished products.
These changes have been associated with the appearance of



global value chains spanning many of the world's most
important industries, and they have opened multiple entry
points for less developed countries to engage in export pro-
cessing. These changes have also been associated with
greatly enhanced flows of technology among countries,
enabling developing countries to take advantage of many of
those entry points. Thus a number of developing countries
have in recent years succeeded in becoming major players
within dynamic global value chains.

A few have done so by building skills and technological capa-
bilities within indigenous firms, to achieve entry as participants
in globalized production. But most developing countries have
done it by undertaking labour-intensive functions for transna-
tional corporations in more formally integrated production sys-
tems. Transnational corporations have always established
production facilities in other countries, but the traditional
mode has been to replicate entire facilities overseas. The forces
of globalization, including the emergence of new technologies
facilitating information communication and organizational
innovation, have radically transformed the ways in which
transnational corporations operate.

Transnational corporations now separate production pro-
cesses(and such functions as accounting, marketing, servicing
and even research and development) into small slices and
locate them across the globe to take advantage of fine differ-
ences in labour cost, delivery, skill, innovation capabilities, sup-
pliers and so on. They can manage far-flung sites as a coherent
whole to further the competitive position of the corporation.
For newcomers participating in such systems opens enormous
opportunities which can be more readily seized than can entry
through more autonomous means. Newcomers can take on
functions for which they are suited rather than the entire man-
ufacturing or service process-all the while enjoying access to
massive new markets. They can also enter dynamic activities
with great opportunities for technological learning and
spillovers.

Choosing points of entry to promote the development of
new activities requires great care, however. The economic
and policy context is very different today than when the
Asian Tigers mounted their industrial policies. Innovation has
accelerated, and economic space has diminished. The rules
of the game are also very different. Th.esechanges constrain
countries from committing some of the more egregious pol-
icy mistakes of the past-but they also preclude the use of
tools that have proved very effective in early stages of indus-
trialization (in the mature industrialized countries, not just
the newly industrializing ones). For example, promoting
industries is now more circumscribed by trading rules-but
the criteria for determining what to promote remain
unchanged (box 8.4).

Governments across the world now have to mount strategies
to enhance the competitiveness and support the productivity
growth of their firms. And if economies with the most
advanced markets and institutions feel the need to undertake
competitiveness strategies, the need on the part of poor
countries, with much weaker markets and institutions, must
be correspondingly greater.

Public efforts require direction. And without vision, there can
be no focused direction. Nor can the direction be fixed-it
demands constant monitoring and revision, as every success
story details. Vision is not only about the broad dimensions of
strategy, it is also very importantly about the technologies and
industries to be promoted.

The basis of any industrial strategy is a national vision of indus-
trial development. Vision is needed to coordinate and direct poli-
cies because it is possible to adopt a range of different
development paths. In the textbook caseof market failures, poli-
cies aim to restore a unique competitive equilibrium. In a world
of imperfect markets, externalities, cumulativeness and path-
dependence, there is no unique optimum but a range of possi-
ble "multiple equilibria", some producing low growth or
stagnation and others dynamism and high growthS Industrial
successisthe result of countries' ability to move acrossthese equi-
libria-to keep jumping to the next curve. Each move needs
coherent policies acrossa range of markets to exploit technolog-
ical spillovers, scaleand scope economies and dynamic learning.

The government has to decide on the broad national
objectives-economic and non-economic-that cannot be
thrown up by markets. The strategy may be explicit or implicit,
but it provides the parameters within which all other alloca-
tion decisions are made. For instance, one government may
decide explicitly to promote industrial deepening, greater
indigenization of technological activity or the creation of large
conglomerates to internalize various markets6 Another may
opt for leaving all choices to free markets (not intervening is
as much a strategic choice as intervening). These choices
reflect many things: resources, location, external pressures,
political circumstances and ideologies as well as rational cal-
culations of how to develop national industrial and techno-
logical resources. The four mature Asian Tigers adopted
completely different strategies in these respects (box 8.5).

The next level of strategy has to do with the design and imple-
mentation of specific policies and programmes? Policies may
be market friendly in that they seek to improve markets and
institutions without favouring some over others. For instance,
the government may subsidize R&D by enterprises for a period
to create a technology culture in local industry or strengthen
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There is no sense denying that the formulation and implementation
of industrial development strategy are an imperfect art. Efforts to
quantify the costs and benefits of industrial promotion activities can
at best yield rough approximations to what is in principle wanted.
There are various reasons why this is true, but none is more pertinent
here than the fact that many of the benefits sought by industrial pro-
motion are imperfectly foreseen, while others are not foreseeable in
any detail. Technological efforts leading to innovation and learning
take place in an extensive profusion of cascading changes. Individual
changes beget-sometimes in compulsive sequences, sometimes as
serendipitous outgrowths-follow-on efforts and changes. And that
process continues over the evolutionary course of a vibrant industrial
sector.

But this reality is not reason enough to eschew cost-benefit determi-
nations. Careful attention to the explicit enumeration of costs (typi-
cally relatively well-perceived) and foreseeable benefits (many poorly
perceived) and to the quantification of those amenable to some
degree of quantification are the only practical way of imposing disci-
pline on actions taken in pursuit of industrialization. And some means
of discipline is required to ensure some successin the pursuit of strat-
egy. Blind faith in outcomes to justify costs incurred is no guide to
effective action.

The accepted test for whether a particular activity should be promoted
is the so-called Mill-Bastable test. The box figure illustrates its appli-
cation in the traditional context of import substitution, but here with
the additional expectation of eventual exports. The pronouncedly
downward trending curve ABC represents the trajectory of the unit
cost of domestic production, while the slightly downward tending line
DBEshows the trajectory of the world price of the product in ques-
tion; both trajectories are with respect to cumulative domestic out-
put, measured on the horizontal axis. The unit cost of domestic
production is initially above the world price owing to the absence of
mature capabilities in the local industry; it falls with cumulative pro-
duction as technological efforts-assumed here to occur, as occur
they must to achieve maturity-leading to adaptive innovations and
technological learning bear increasing fruit. The world price falls
because of technological changes continuously occurring in other
producing countries.

The test ispassedin its most stringent form, but for the neglect of time
discounting, only if the area representing initial excesscosts, ABD, is
exceeded by the area of eventual gains due to the competitive advan-
tage reflected in unit cost being lessthan world price, BCE extended
into the future until the point where the competitive advantage is lost,
typically to a more lately developing country.' But the test just stated is
in fact too stringent, because it neglects the externalities that may
spillover astechnological efforts undertaken to achievecompetitiveness
in the activity contribute in multiple, cascading ways to technological
developments in relation to other activities. Required is some estimate

of the discounted value of these spillovers,which must be added to the
direct value of discounted competitive gains in order to arrive at the
proper magnitude for comparison with the value of excesscosts.

The Mill-Bastable test reflects two essential principles that must, if only
qualitatively, guide the prior assessmentof promotional undertakings
if they are to be sensibly pursued. The first is that the expected com-
petitive gains must exceed the initial excesscosts, both taken in total
magnitude. Thus it is not sufficient simply to become minimally com-
petitive in the senseof unit cost equal to world price (including trans-
port and transaction costs); a true competitive advantage must be
foreseen. The second principle is that conditions in other economies
must not be thought static and unchanging; the target to be achieved
is a moving target, one moving continually against the country's
advantage. Thus it is imperative to take account of what is likely to
happen elsewhere as it may affect production costs in other countries.

It may be obvious that these principles as here illustrated have imme-
diate application only to the direct promotion, as through import pro-
tection, of activities to produce existing tradable goods. But the scope
for direct promotion is now greatly restricted compared with what
was possible in the past, so that reliance must now be placed on indi-
rect means of promotion, through such means as the provision of
industrial services.This makes the task of benefit-cost analysis all the
more difficult. But it does not in any way invalidate the principles just
stated or render them any less important. The foregoing statement
applies equally when outcomes do not simply replicate what is avail-
able from foreign sources.

The cost. benefit and duration of infancy

Unit values

D

C

Domestic output

Source: Bell and others (1984, pp. 102-106).

a. Time discounting of excess costs and competitive gains is not reflected in the figure but must be applied in computing the net benefit of the activity's promotion.

incentives for employee training. Or policies may be selective,
aiming to promote particular activities or clusters to tap
dynamic learning possibilities, capture exceptional spillover
benefits or attract the most promising global value chain activ-
ities. Both approaches are theoretically justifiable in the pres-
ence of market failures, and they are entirely complementary.
The choice of appropriate instruments depends on the nature
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of the failures and the capabilities of the government to under-
take policies effectively. However, the more selective are the
policies chosen, the greater are the competence, information,
objectivity and flexibility required of the bureaucracy.

The choice of appropriate measures involves creating the
mechanisms to implement policies. Implementation may
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The four Asian Tigerswere the first countries in the developing world to
launch an export-oriented manufacturing strategy. While Hong Kong
SARwas always free trade, the other three-Singapore, the Republicof
Korea and Taiwan Provinceof China-turned from import substitution
to export orientation in the early 1960s.Theyled the first wave of labour-
intensive industrial exports: garments, textiles, toys, footwear and the
like. Over the 1970s and 1980s they upgraded their export structures in
different ways, depending on their differing visionsof what they wanted
their development paths to consist of. This depended in turn on their
social and political structures, resource endowments, sizeand history.

In Hong Kong SARthe vision of the colonial government was market-
driven resource allocation, with no particular ambition to develop
local manufacturing. Although Hong Kong SARwas once the leader
in the developing world in manufactured exports, this vision led to
quality improvement in labour-intensive exports but to relatively little
structural deepening. As a result, with rising wages, most manufac-
turing shifted to lower wage countries, and industrial and export
growth stagnated or turned negative. The export structure remained
at low technology levels, the lowest among the Tigers.

In Singapore, by contrast, the government had a strong vision of tech-
nological upgrading and deepening. This led it to intervene extensively
in investment patterns, skill development and infrastructure building
while retaining a free trade setting. The result was considerable deep-
ening, allowing Singapore to combine high and rising wages (nearly
20 percent higher than in Hong Kong SAR)with output and export
growth. Singapore moved rapidly from low-tech activities to petro-
chemicals and then producer electronics and equipment, simultane-
ously raising its technological levels from simple assembly to high-end
manufacturing, design and development. Transnational corporations,
providing state-of-the-art technologies and accessto their global net-
works, dominated the process. While Singapore developed a very
high-tech export structure, however, its research base stayed small
and the main sources of innovation remained overseas.

The Republic of Korea and Taiwan Province of China also had very
strong visions of industrial development, this time with larger ambi-
tions for national enterprises. Transnational corporations were
allowed a much smaller role, though foreign technology was tapped
extensively in other forms. Their governments used infant industry

Sources: Amsden (1989): Wade (1990); Lall (1996): Westphal (forthcoming).

need new institutions (in the public or private sector) to sup-
port, interact with and link market agents. In the public sec-
tor, for example, the government has to provide the
technological public goods needed by industry, such as basic
research, extension services, standards and metrology. In the
private sector institutions may include business associations,
consortia or large private conglomerates (like the chaebol in
Korea) that can overcome deficient markets for capital, skills,
information and entrepreneurship.

Keep in mind that it is the process that is critical-not the
instruments. The actual policies used must be specific to each
strategy and context. That makes the policy process more an
art than a science. Since mistakes are inevitable, the govern-
ment has to be flexible and responsive to changing circum-
stances-policy has to build in learning and adjustment. 8

protection (offsetting its harmful effects by strong export incentives),
credit allocation and subsidies, foreign direct investment restriction
and skills and technology support. And they did this in ways to induce
local firms to enter difficult activities, raise local content and take on
advanced technological functions. The Republic of Korea's interven-
tions were more pervasive and detailed. They involved fostering the
chaebol, the conglomerates that spearheaded its heavy industry and
high technology drive, learned the most advanced technologies and
became major transnational corporations in their own right. Taiwan
Province of China intervened less directly in the industrial structure,
though it used public enterprises to enter several heavy industries. It
supported its small and medium-size enterprise dominated structure
with an array of technology, training, finance and export marketing
policies and institutions. Because of their far-reaching efforts, the
Republic of Korea and Taiwan Province of China have the greatest
technological depth in the developing world, and their exports
embody the most intense learning.

A vision gone sour

Some of the Republic of Korea's seeming policy successeslater turned
sour. The Asian financial crisis dramatically exposed the substantial
risk inherent in the pursuit of an ambitious vision by aggressively inter-
ventionist means. The risk is that policies, while proving to be highly
effective in the medium term, can have seriously detrimental conse-
quences for long-term institutional development. The Korean gov-
ernment's practice of directing the allocation of credit severely
retarded the development of modern financial institutions-and sti-
fled the establishment of a adequate regulatory system. In turn, its
promotion of the chaebol ultimately created a number of differently
dysfunctional private entities whose exploitation of the policy regime
resulted in unwise investments-leading in some cases to excess
capacity, in others to bankruptcy in whole or in part. In a very real
sense, then, the high costs imposed on the people of the Republic of
Korea by the crisis-induced recession and the subsequent vigorous
pursuit of systemic policy reform are the price paid for the govern-
ment's earlier inability to rectify growing institutional deficiencies.
Taiwan Province of China did not foster chaebol-like enterprises, but
otherwise followed a similar though distinct set of policies. It has paid.
a far lesserprice by managing the long-term consequences of directed
credit more effectively.

Some final points on the strategy process. First, policy needs
vary with the level of development. As markets and institutions
become more efficient and complex, the need for direct inter-
ventions falls and their potential costs rise. Second, industrial
policy must be systemic. No strategy can succeed unless it
dovetails physical investment in capacity with technology
development, skill building, cluster strengthening and so on.
Third, policies must correspond to the phase of learning and
so must change accordingly: policies in the infant phases of
capability building must differ from those in the mature phase,
when R&D and frontier innovation become vital.

Governments require disciplined means of strategy formula-
tion, implementation and monitoring, with monitoring being
imperative for determining whether and in what respects an
ongoing strategy warrants revision. Two very important tools
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that impose discipline within a process that embeds global
knowledge in the articulation and pursuit of development
objectives are finding increasing acceptance and use among
developing countries: benchmarking and foresight exercises.

Benchmarking has long been used by successful industrial
firms, first in the industrialized countries, as means of achiev-
ing best-practice levels of productivity, which can only be
determined on the basis of comparative information across the
universe of similar firms. It relies on the identification of meas-
urable factors that are c~itically related to overall productivity,
factors that are subject to the firm's control either directly or
indirectly. Knowledge of the best values attained in relation to
these factors across other firms provides targets that, if
achieved, will result in the best-practice level of overall pro-
ductivity within the individual firm. Targets set in this fashion
act as powerful devices for focusing technological and related
efforts toward the achievement of objectives that can be real-
ized by searching for and using global knowledge pertaining
to the factor and its relationship to overall productivity.

Benchmarking has immediate application where relationships
between contributing factors and desired results are well
known and easily quantified in simple terms; for example, in
industries where engineering relationships dominate in deter-
mining productivity. It is less readily applied by organizations
that provide services, such as those discussed in chapter 7,
where the relationships between service norms and outcomes
are complex owing to many factors beyond the control of the
organization. Even so, benchmarking exercises are prevalent
among the exemplars of global best-practice in serving the
needs of industry.

Benchmarking is yet more difficult in the policy arena, and this
for a variety of reasons, central among them the necessity to
recognize that policies must often be tailored in conformity
with national values and the institutional setting. Nonetheless,
there has recently been substantial progress in bringing the
discipline of benchmarking to the service of policy analysis and
formulation. Just as information centers, extension agencies
and the like playa vital role enabling benchmarking practices
by industrial firms, so too can international agencies exercise
a profound influence by providing the information and sup-
porting technical assistance required for agency and policy
benchmarking by developing country governments.9

In the process of selecting industries for promotion, technol-
ogy foresight exercises, done hand in hand with the private
sector, are particularly useful as a means to comprehend
emerging global trends, enabling both firms and the govern-
ment to formulate detailed strategies in areas that seem sen-
sible.lo Having originated decades ago in Japan and France,
they are now in widespread use in the industrialized countries,
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where their application focuses on forecasting the course of
global technological change in relation to the country's indus-
trial strengths and weaknesses, to guide public science and
technology policies and expenditures (Martin 1996). Evencom-
paratively non-interventionist governments, like that of the
United States, recognize that foresight exercises are vitally
important owing to the fact that firms cannot remain compet-
itive without relying extensively on complementary private and
public sources of knowledge whose continuing development
must in some fashion be coordinated within a common vision
of how the future might unfold.

Similar exercises are now also being undertaken by many
developing countries, with UNIDO's assistance. The focus of
these exercises differs in that the objective relates to steps
being taken to catch up with the global technological frontier,
not to steps necessary to remain on, or at the forefront of, the
changing frontier. Even so, developing countries require fore-
sight in relation to existing industries, not simply for keeping
up but also for catching up to a shifting frontier, and in rela-
tion to industrial activities for which potential competitive
advantage is within grasp. They additionally require foresight
not only about technological trends, but also about pending
changes in the international ordering of economic activity-
where, for example, new modes of accomplishing the division
of labor among countries may seriously affect the way in which
opportunities may be seized.

But foresight exercises, wherever conducted, are not simply
about external factors, or emerging global trends. They are
also fundamentally about internal factors, or assessing a coun-
try's industrial strengths and weaknesses in sufficient detail to
ascertain where change efforts are required, and this even if
only to come closer to existing best practice. Indeed, in devel-
oping countries much of the work most useful for foresight
exercises goes into developing a vision of a future in which
existing resources are used with greater productivity as a con-
sequence of a diverse variety of technological and other efforts
enabled by technology transfers from sources both internal
and external to the country.

In days gone by, some countries-the Republic of Korea in the
1960s and 1970s, for example-practiced a form of visionary
benchmarking, comparing their industrial structure with that
over the past of some exemplary, more advanced country (for
the Republic of Korea, Japan), to determine the activities next
in line for development. Such benchmarking may still provide
some, albeit limited, useful guidance. But vastly more impor-
tant, indeed fundamentally essential, are targets and actions
determined by the collaborative engagement of industrialists,
technologists, academics, government agency officials and
other importantly involved parties in coordinated delibera-
tions based on intimate knowledge of the reality that is and



that could be. Indeed, such deliberations lay at the heart of
the Republic of Korea's planning activity in the mid-1960s and
were, in a very real sense, instrumental in the Republic of
Korea's embarking on the path of rapid industrialization.l1

Then, as now (see box 8.6), the value of the exercise inheres
not so much in the formulated vision but in the common
understanding by both public and private actors engaged in
its achievement of the steps that each must take if it is to be
realized.
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1. Set priorities for policy intervention in line with the vision.
Resources-financial and human-for policy intervention
are necessarily limited, even in rich countries. They are far
more constrained in poorer countries. That makes it
essential to mobilize resources and set priorities in line
with the national development vision. The priorities will
depend on the circumstances of each country, of course,
and these are likely to vary with the level of development.
At higher levels the most pressing needs tend to revolve
around innovation and specialized skills and infrastruc-
ture. At lower levels they revolve around building entry-
level competencies, strengthening resource-based and
labour-intensive industrial activities, upgrading smaller
enterprises or providing basic infrastructure.

2. Leverage national resources with foreign ones-in global
value chains. The most effective means of connectivity to
technological resources will often be through value
chains, and, as noted in chapter 6, it is vital to understand
the nature of each chain and the lead players in it. But
sustaining linkages requires building complementary
capabilities locally. Linking and leveraging strategies will
again vary with the level of industrial development and
with national strategic priorities. Countries with strong
industrial and technological bases can follow strategies
pioneered by the Asian Tigers. Those with weaker bases
have to use more modest strategies, helping firms and
clusters to connect with global players and climb up the
value chain from modest levels, relying more heavily on
direct foreign investment.

3. Coordinate the vision, the framework conditions and the
drivers. Competitiveness-enhancing strategy involves
close coordination of the vision, the framework condi-
tions and the drivers. Most governments do not formally
exercise such a coordinating function, since it cuts across
traditional lines of responsibility in domestic ministries

Box8.6 ~tm~

Hungary's Technology Foresight Program adapted the conventional
advanced-country type of exercise to its strategic needs in becoming
fully integrated into the European socio-economic system. Sevensec-
torally focused panels made up of industrialists, academics, govern-
ment officials, and other stakeholders were formed to assess
strengths and weaknesses together with opportunities and threats in
their sectors, with the aim of formulating visions and recommending
policies and programs necessaryfor their fulfillment.

Complementing their effort was a large scalesurvey using the Delphi
method (a disciplined means of aggregating individual forecasts of
emerging trends stated in detailed terms) that was focused on prob-
able external changes. The program was carefully orchestrated to
achieve the greatest possible awareness and participation, toward the
end of developing a strong consensus centered around its outcome.
Thus the core exercise, which required two years to complete, was
preceded by an initial stage devoted to promoting understanding of
its importance, and followed by a terminal stage during which results
were disseminated and widely discussed. To enable meaningful dis-
cussion and to further the objective of achieving consensus around a
plan of vigorous action to achieve effective integration and robust
economic development, three alternative visions of the future were
presented, with only one of them having been fleshed out in consid-
erable micro detail.

Hungary's experience in its foresight exercise demonstrates that the
methodology can be of great value to developing countries and tran-
sition economies alike. Individuals having important responsibilities
within the private and public sectors gained in their understanding
that innovation is an inherently collaborative enterprise that entails
mutual effort and learning among cooperating entities. The exercise
additionally led to an enhanced awareness of the importance of com-
munication within and across organizational boundaries, while at the
same time it strengthened existing, and established new, network
relationships, both formal and informal, among the parties engaged
in innovation. Moreover, it reinforced the comprehension that inno-
vation and learning do not only relate to technical matters, but also
to economic, organizational, and social factors as well.

Hungary's experience is also significant in showing that foresight
exercisesboth can and must, if they are to yield fruitful results, be tai-
lored to the capabilities and institutional settings of the countries in
which they take place. And to the central matter at issue, which in
Hungary's casewas enhanced integration within the larger European
system; in many developing countries it would importantly involve
greater integration into the world economy to enable greater levels
of productivity. Foresight exercisesby no means need be as complex
and long-lasting as was Hungary's. Simpler, shorter, and more nar-
rowly focused exercisescan add real value in formulating and imple-
menting intelligent strategies for industrial development.

Source: UNIDO.

and agencies. Coordination tends to be dispersed and ad
hoc, based on implicit rather than explicit objectives and
strategies. This may be effective where drivers are fairly
well developed, when decision makers agree on priorities
and actions and when the line ministries exchange infor-
mation to support each other. But it is not effective in
other situations. In particular, where a country has to
mount major policy changes and embark on significant
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structural change, there is a need for a formal mechanism
to formulate strategy and coordinate the development of
industrial drivers.

The coordinating function does not necessarily need a new
agency; it may be exercised by a group of existing ministries
and institutions. But the function can be carried out only if
its execution is placed close to the apex of policymaking.
Effective coordination, wherever it is located, needs regu-
lar secretariat support for the collection and analysis of
data-locally and in international benchmarks and imme-
diate competitors. The data need to cover production,
trade and productivity performance, the major drivers and
the lead institutions. Everything has to be based on a sound
understanding of technological and market trends.

4. Build skills, knowledge and bureaucratic competence. The
conduct of strategy can be very demanding in skills, infor-
mation and bureaucratic competence. But many measures
can reduce the pressures on national governments. The
private sector can contribute much to the design and
implementation of policy, relieving government of many
difficult data collection and analysis functions. Indeed, the
private sector is much better placed to gauge productivity,
technological and market trends at the individual activity
level than is the government. What the government needs
to do is provide a higher strategic and structural
perspective-and to distill diverse private sector views into
a coherent vision of development for the medium term.

5. Enlist the key actors in the international community in strat-
egy formulation. The international community can help in
strategy formulation. Apart from material assistance, it can
provide valuable information on-and analysis of-bench-
marks, institutions and policies in other countries. Many
competitiveness analysesby industrialized countries are pub-
licly available. And technology and training institutions are
often willing to provide aid or sell their services.Aid agen-
cies furnish technical assistance, often drawing upon the
servicesof industrial experts. Consultants provide analysesof
competitiveness as a whole and of its various components;
their servicestend to be expensive, but they possessa wealth
of experience and data. In addition, there is a need for ana-
lytical support for governments at a higher level, particularly
in evaluating different strategic approaches and the lessons
of experience in other countries.

The desired, appropriate level of openness may not entail
completely free markets for trade and investment or the
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removal of all such policies as local content rules and per-
formance requirements, as envisioned in negotiations for
trade-related investment measures (TRIMS). Indeed, the opti-
mal level of openness and the ideal pace of trade liberaliza-
tion remain a matter for debate.12 Accepting that many
countries have intervened excessively in trade (and to the
detriment of their industrialization), it does not follow, given
the market and institutional failures facing the acquisition of
technological capabilities, that completely free trade is a
desirable objective, certainly not in the near future, for devel-
oping countries. That some interventions were wrongly
designed or implemented does not imply that all interventions
are inefficient or distorting.

Theory suggests that where deficient markets give distorted sig-
nals to economic actors, intervention is needed to restore effi-
ciency. Careful trade interventions, set in the context of strong
export orientation and balanced by stringent performance
requirements can work well. Going further back in history, trade
and other interventions were used extensively to promote indus-
trial catch-up in the presently developed countries. Qualifications
of the same nature apply to TRIMS-related policies.

Similar considerations apply to the widespread application of
stricter intellectual property rights in the developing world
(under agreements for trade-related intellectual property
rights, TRIPS).There is a growing feeling that the universal
application of TRIPSoffers little to countries at low levels of
industrial and technological development, while imposing
additional short-term costs on them as importers of technol-
ogy.13 There may be long-term rewards to them in accepting
TRIPS, but the gains may well be negative in present value
terms (after discounting future gains at a reasonable interest
rate). Careful analysis is needed of whether existing rules are
flexible enough to allow the losers to prolong their grace peri-
ods or whether the rules need to be changed.

Building capabilities is a costly, demanding and continuous
process-and no amount of good policy can get around the
problem of severe resource constraints in most developing
countries. As the gap widens between the more successful
and less successful countries, the benefits of modern tech-
nology and globalization appear further out of reach to many.
This raises social and political stresses, threatening the pace
of economic reform and integration and affecting the stabil-
ity of the international economic system.

Current development aid practice attaches less weight to the
industrial sector than it did in the past. Perhaps donors
assume that market forces (liberalization and globalization)
will suffice for industrial development. This is wrong. The
upgrading and regeneration of manufacturing need support
from aid donors. True, the current donor emphasis on edu-
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cation, infrastructure and micro or small enterprises does feed
into industrial development. But it does so at one remove. It
does not directly address the needs of industrial restructuring
by the formal enterprise sector-or the specific skill and tech-
nological needs of modern industry. And for reasons just
noted, it cannot be taken for granted that national govern-
ments in developing countries will on their own be able to
meet these needs. Without a substantial increase in assis-
tance, many viable activities may go under-and many more
promising activities may never be launched.

The time is ripe for a new international agenda on industrial
development-and for a new vision of how developed coun-
tries and international agencies can best assist industrial devel-
opment. Countries have to be helped in their efforts to build
competitiveness, attract resources, use more productive tech-
nologies and enter larger, more dynamic markets. Otherwise
the enormous potential of economic integration and global-
ization may be lost to a large part of the developing world.

Most of the effort has to come from within countries, pro-
viding the right environment for capability building and
investing in the necessary factors and institutions. But such
local efforts should be helped from outside. Opening markets
completely in industrialized countries will help greatly, but
much more is needed to narrow the widening gap between
countries and to build industrial capabilities in developing
countries. Indeed, this is the mission of UNIDO-all of our
activities deal directly with building and enhancing industrial
capabilities. We will continue working to narrow that gap and
to ensure support for that work with financial and other
resources.

For further details on sources, information and the literature on sub-
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Exports

Data source: UN Commodity Trade Statistics (Comtrade)
database. The technological classification of exports is based
on the Standard International Trade Classification (SITC) revi-
sion 2 (table A.1).

Data adjustments: Export data refer to 1985 and 1998
except for Panama and South Africa (1986 rather than 1985)
and Ethiopia, Malawi, Senegal, Yemen and Zambia (1997
rather than 1998).

o Export data for Singapore for 1998 were scaled down by
40 percent to reflect re-exports.

o Data were adjusted to account for re-exports for Bolivia
(high-tech products in 1998), the Central African Republic
(medium-tech process engineering products in 1998), EI

Type of exports SITe sections. divisions or groups
Resource based 01 (excl. 011), 023, 024, 035, 037, 046, 047,

048, 056, 058, 06, 073, 098, 1 (excI.121),
233, 247, 248, 25, 264, 265, 269, 323, 334,
335, 4, 51, 512 (excl. 512 and 513), 52 (excl.
524), 53 (excl. 533), 551, 592, 62, 63, 641,
66 (excl. 665 and 666), 68

Low tech 61, 642, 65 (excl. 653), 665, 666, 67 (excl.
671, 672 and 678), 69, 82, 83, 84, 85, 89
(excl. 892 and 896)

Medium tech 266, 267, 512, 513, 533, 55 (excl. 551), 56,
57,58,59 (excI. 592),653,671,672,678,
711,713,714,72,73,74,762,763,772,
773,775, 78, 79 (excI. 792), 81,872,873,88
(excI. 881), 95

High tech 524,54,712,716,718,75,761,764,77
(excl. 772, 773 and 775), 792, 871,874,881

14S

Salvador (high-tech electronics in 1985), Guatemala
(high-tech products in 1985), Jordan (medium- and high-
tech products in 1985) and Mozambique, Nigeria and
Uganda (all three for medium-tech products in 1985).

o Data for 1985 were unavailable for Albania, the Czech
Republic, Romania, the Russian Federation, Slovenia and
Yemen.

Manufacturing value added

TOTAL MANUFACTURING VALUE ADDED

Data source: UNIDO National Accounts database.

Data adjustments: Data for total manufacturing value
added (MVA) refer to 1985 and 1998 and are based on
national accounts statistics from the United Nations Statistics
Division, supplemented by national statistics. Missing values
were "now cast" using the best econometric model.

SECTORAL MANUFACTURING VALUE ADDED

Data source: UNIDO Industrial Statistics database.

Data adjustments: Because only some of the sample
economies report industrial statistics according to the
International Standard Industrial Classification of All
Economic Activities, Third Revision (ISIC revision 3), data
reported according to ISIC revision 3 were converted to ISIC
revision 2. To fill in missing values, the ISIC revision 2 series
was supplemented with the ISIC revision 3 series. The data
were" now cast" to 1998 using the best econometric model.
The data were then aggregated using the technological clas-
sification of ISIC revision 2 (table A.2).

Because reporting of data at the group (four-digit) level of ISIC
is inadequate to allow separation of medium- and high-tech
products, the category "high-tech manufacturing" was not



(http://www.ricyt.edu.ar); and central banks and other
national statistical sources.

Type of
manufacturing
Resou rce based
Low tech
Medium and
high tech
High tech

ISle divisions, major groups
or groups
31,331,341,353,354,355,362,369
32,332,361,381,390

342, 351, 352, 356, 37, 38 (excl 381)
3522, 3852, 3832, 3845, 3849, 385

Data adjustments: Data refer to 1985 and 1997-1998.
Where data were unavailable for those years, values for the
closest year available were used.

o Values for OECD countries for 1997-1998 were calcu-
lated based on data from OECD, Science, Technology and
Industry Scoreboard 1999.

used; instead, medium- and high-tech products were com-
bined in one category. The sectoral shares of value added
were then calculated in relation to the total for all manufac-
turing sectors.

o Data on MVA by technological classification refer to
1985 and 1998 except for the Central African Republic
(data for resource-based MVA refer to 1993 rather than
1998), the Czech Republic and Nigeria (data for low-
tech MVA refer to 1995 rather than 1998), Jamaica (data
for resource-based MVA refer to 1996 rather than
1998), Jordan (data for resource-based MVA refer to
1997 rather than 1998), Madagascar (data for medium-
and high-tech and low-tech MVA refer to 1993 rather
than 1998), Mauritius (data for medium- and high-tech
and resource-based MVA refer to 1997 rather than
1998), Mexico (data for medium- and high-tech MVA
refer to 1994 rather than 1998), Pakistan (data for low-
tech MVA refer to 1996 rather than 1998), Saudi Arabia
(data refer to 1989 and 1997) and Zimbabwe (data for
medium- and high-tech MVA refer to 1995 rather than
1998).

o Data for 1985 were unavailable for Albania, the Czech
Republic, Ethiopia, Mozambique, Romania, the Russian
Federation, Slovenia and Yemen.

Note: Because of differences in compilation methods and sta-
tistical definitions, the figures for sectoral value added from
the Industrial Statistics database do not sum to the manufac-
turing value added reported in the national accounts data.

Research and development financed by
productive enterprises

Data sources: Calculated on the basis of data from UNESCO,
Statistical Yearbook 1994 and Statistical Yearbook 1998;
OECD, Science, Technology and Industry Scoreboard' 1999;
Iberoamerican Network of Science and Technology Indicators
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o Values for Latin American countries were calculated
based on data from the Iberoamerican Network of
Science and Technology.

o Data for 1985 were unavailable for Albania, Bahrain, the
Czech Republic, the Russian Federation and Slovenia.

o Many countries, particularly in Sub-Saharan Africa, do not
report data on R&D financed by productive enterprises.
Because of the weak industrial structures of these coun-
tries, R&D per capita was assumed to be negligible.

Foreign direct investment inflows

Data sources: World Bank, World Development Indicators
2000; UNCTAD, World Investment Report 1995 and World
Investment Report 1999; and national statistical sources.

Data adjustments: Data refer to average annual inflows of
foreign direct investment during 1981-1985 and 1993-1997.

o Data for 1998 for Bahrain, Belgium, Saudi Arabia and
South Africa are from UNCTAD, World Investment
Report 1999. Data from that source may refer to periods
that do not correspond exactly with 1981-1985 and
1993-1997.

o Data for Taiwan Province of China are from Taiwan
Province of China, Council for Economic Planning and
Development, Taiwan Statistical Data Book 1998.

o Data for 1985 were unavailable for Albania, Bahrain, the
Czech Republic, Hungary, Nicaragua, Romania, the
Russian Federation and Slovenia.

Technology licensing payments

Data sources: World Bank, World Development Indicators
2000; central banks; and International Monetary Fund,
Balance of Payments Statistics Yearbook 1999.

http://www.ricyt.edu.ar;


Data adjustments: Data refer to 1985 and 1998. Where
data were unavailable for those years, values for the closest
year available were used.

o Data for 1985 were unavailable for Japan; data for the
closest year available (1984) were used instead.

o Countries for which data for 1998 were unavailable and
data for the closest year available were used instead are
Albania (1994), Algeria (1991), Bahrain (1995), Cameroon
(1995), the Central African Republic (1992), Greece
(1997), Guatemala (1993), Jordan (1994), Malawi (1994),
Mozambique (1992), Pakistan (1997), Senegal (1997), Sri
Lanka (1995), Uganda (1997) and Zimbabwe (1994).

o Balance of payments data from the International
Monetary Fund's Balance of Payments Statistics Yearbook
1999 and national central bank reports were used to cal-
culate licensing payments for Denmark, Hong Kong SAR,
Switzerland, Taiwan Province of China and Turkey.

o For countries that do not report technology licensing pay-
ments in their balance of payments (Indonesia, Malaysia
and Singapore), a proxy value was calculated based on the
ratio of licensing payments to payments for" other ser-
vices" for similar economies. For Malaysia and Singapore
royalty payments were assumed to be 25 percent of other
services (a ratio similar to that for Taiwan Province of
China); for Indonesia they were assumed to be 11 percent
(the same ratio as that for Thailand).

o For countries reporting data for 1998 but not 1985, the
ratio of royalty payments to other services in 1998 was
applied to 1985. Data on payments for other services are
from the International Monetary Fund's Balance of
Payments Statistics Yearbook 1999.

o Data for 1985 were unavailable for Albania, the Czech
Republic, Hungary, Romania, the Russian Federation,
Slovenia and Yemen.

Skills

Data sources: UNESCO, Statistical Yearbook 1994 and
Statistical Yearbook 1998; World Bank, World Development
Indicators 2000; and national statistical sources.

Data adjustments: Data refer to 1985 and 1997-1998 (lat-
est year available). Where data were unavailable for those
years, values for the closest year available were used.

o Data for the Harbison-Myers index in 1985 were unavail-
able for Albania, Bahrain, the Russian Federation and
Slovenia.

o Data for tertiary technical enrolments were unavailable
for Albania, Bahrain, the Czech Republic, the Russian
Federation, Slovenia and Yemen.

Infrastructure

Data sources: Calculated based on data from World Bank,
World Development Indicators 2001; OECD, Science,
Technology and Industry Statistics (http://www.oecd.org/
statistics); Telecordia Technologies (http://www.netsizer.com);
and African Internet Connectivity (http://www.sn.apc.org).

Data adjustments: Data refer to 1985 and 1998. Where
data were unavailable for 1998, values for the closest year
available were used.

o Countries for which data for telephone mainlines in 1998
were unavailable and data for the closest year available
were used instead are Cameroon (1997), Guatemala
(1997), Jamaica (1997), Kenya (1997), Yemen (1997) and
Zimbabwe (1997).

o Countries for which data for mobile phones in 1998 were
unavailable and data for the closest year available were
used instead are Cameroon (1997), Ghana (1997),
Jamaica (1996) and Kenya (1997).

o Countries for which data for computers in 1998 were
unavailable and data for the closest year available were
used instead are Algeria (1997), Cameroon (1995), Ghana
(1997), Jordan (1997), Kenya (1997), Madagascar (1997),
Morocco (1997), Mozambique (1997), Nigeria (1997),
Senegal (1997), Sri Lanka (1997), the United Republic of
Tanzania (1997), Uganda (1997), Yemen (1997) and
Zimbabwe (1997).

o Data for commercial energy use in 1985 were unavailable
for Albania, Bahrain, the Russian Federation, Slovenia and
Yemen.

o Data on Internet hosts refer to 2001 and are from
Telecordia Technologies.

o Data on information and communication technology for
Africa not available in the World Bank's World Development
Indicators 2001 are from African Internet Connectivity.
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o Data for Taiwan Province of China are from Taiwan
Province of China, Council for Economic Planning and
Development, Taiwan Statistical Data Book 1998.

UNIDO's Industrial Performance Scoreboard was developed in
four stages. In the first stage a database of industrial indica-
tors (both output and input factors) for 1985 and 1998 was
created for as many countries as possible. Indicators were
chosen on the basis of the availability of cross-country data.
Four performance indicators-MVA per capita, manufactured
exports per capita, the share of medium- and high-tech activ-
ities in manufacturing production and the share of medium-
and high-tech products in manufactured exports-were cho-
sen for the competitive industrial performance (CIP) index.

In the second stage individual indices of performance Iii were
standardized according to the general formula

X-Min(X)I .. - 1,/ 1,/
I, / - Max(Xj, i)-Min(Xj, i)'

where \i is the i th country value of the j th performance vari-
able. Therefore the highest country in the ranking has a score
of 1 and the lowest a score of O.

The third stage consisted of testing the feasibility of comput-
ing a composite index based on the four performance indica-
tors selected. Positive and statistically significant correlations
between the four performance variables confirmed that a
composite index could be constructed as a proxy for overall
industrial performance.

The CIP index was constructed using the standardized values
of the four performance indicators, according to this general
formula:
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where Iii represents the ith value of the four individual indices,
wn the weights given to the indices and ex. a parameter to
control how the variations and weights in the individual
indices affect the CIP index.

Initially, a different weight wj was assigned to each perform-
ance indicator Ij,i" Stability tests confirmed that the weights
did not significantly affect ranks, however, so equal weights
were allocated to the four performance indicators. With WI =
w2 = w3 = w4 = 1, the general formula then became the
following:

1

ClP;(a)=~[/l~i +/fi +/f.i +I%.if

To further simplify, ex. = 1 was chosen, and the result is the
simple arithmetic mean of Iv 12.1' 13.1 and 14.1' Thus,

4

ClP; = ClP;(1) = ~ L/i. i
i=1

Cluster analysis is a statistical technique for identifying rela-
tively homogeneous groups of cases according to their
quantitative features. The version used for the report is K-
means cluster analysis, which is used to cluster large num-
bers of observations, with squared Euclidean distance (the
sum of the squared differences over all the variables)
employed to identify a specified number of clusters. The
algorithm used for determining the membership of clusters
is based on nearest centroid sorting. The values obtained for
each cluster are simply the standardized average values of
the variables for cases in the clusters. However, data pre-
sented in the report have been de-standardized to show
averages of real values.
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1985 1998"
Developing Per Developing Per Growth rate

Country group, Value World economies' capita Value World economies' capita 1985-1998
income level (billions of shares shares (billions of (billions of shares shares (billions of Per
or region dollars) (percent) (percent) dollars) dollars) (percent) (percent) dollars) Total capita
World 2,480.0 100 na 619 5,636.1 100 na 1,094 6.5 4.5
Industrialized economies 2,003.3 80.8 na 2,579 4,240.8 75.2 na 5,040 5.9 5.3
Transition economies na 169.5 3.0 na 725
Developing economies 476.6 19.2 100 147 1,225.8 21.7 100 300 7.5 5.6
High and upper-middle

income 222.9 9.0 46.8 578 560.2 9.9 45.7 1,161 7.3 5.5
Lower-middle income 92.4 3.7 19.4 176 210.4 3.7 17.2 311 6.5 4.5
Low income 161.3 6.5 33.8 70 455.2 8.1 37.1 156 8.3 6.4
Low income (without

China and India) 22.2 0.9 4.7 44 35.8 0.6 2.9 51 3.8 1.2
Least developed countriesb 5.6 0.2 0.7 31 12.1 0.2 0.6 35 6.2 1.2
East Asia 203.7 8.2 42.7 145 649.8 11.5 53.0 387 9.3 7.8
East Asia (without China) 98.0 3.9 20.6 278 294.3 5.2 24.0 668 8.8 7.0
South Asia 42.0 1.7 8.8 42 83.6 1.5 6.8 65 5.5 3.4
Latin America and

the Caribbean 171.1 6.9 35.9 462 360.0 6.4 29.4 771 5.9 4.0
Latin America and

the Caribbean (without
Mexico) 133.9 5.4 28.1 454 278.1 4.9 22.7 750 5.8 3.9

Sub-Saharan Africa 24.1 1.0 5.1 83 38.2 0.7 3.1 92 3.6 0.8
Sub-Saharan Africa

(without South Africa) 12.7 0.5 2.7 49 15.1 0.3 1.2 40 1.4 -1.4
Middle East and North Africa

and Turkey 35.8 1.4 7.5 202 94.1 1.7 7.7 392 7.7 5.3

Source: UNIDO Scoreboard database (see technical annex).

Note: Data on manufacturing value added cover only the 87 economies in the Scoreboard sample: they are expected to account for a very high proportion of the world total.

a. The 1998 data reflect sharp drops in production in many economies, particularly in East Asia.

b. Includes only 12 of 49 least developed countries.
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1985 1998
Developing Per Developing Per Growth rate

Country group. Value World economies' capita Value World economies' capita 1985-1998
income level (billions of shares shares (billions of (billions of shares shares (billions of Per
or region dollars) (percent) (percent) dollars) dollars) (percent) (percent) dollars) Total capita
World 1,239.2 100 na 292.5 4,230.0 100 na 821.0 9.9 8.3
Industrialized economies 1,045.0 84.3 na 1,345.2 3,125.5 73.9 na 3,714.4 8.8 8.1
Transition economies na 117.1 2.8 na 500.7
Developing economies 194 15.7 100 60.2 987.4 23.3 100 242.2 13.3 11.3
High and upper-middle

income 143.0 11.5 73.6 371.0 614.5 14.5 62.2 1,273.5 11.9 10.0
Lower-middle income 33.8 2.7 17.4 64.2 159.8 3.8 16.2 236.2 12.7 10.5
Low income 17.5 1.4 9.0 7.6 213.2 5.0 21.6 73.1 21.2 19.1
Low income (without

China and India) 5.3 0.4 2.7 10.5 19.7 0.5 2.0 28.1 10.7 7.9
Least developed countries. 1.4 0.1 0.7 7.0 6.0 0.1 0.6 17.5 12.0 7.3
East Asia 118 9.5 60.6 84 686 16.0 65.9 409 14.5 12.9
East Asia (without China) 112 9.0 57.5 317 519 12.1 49.8 1,178 12.5 10.6
South Asia 9 0.8 4.9 9 41 1.0 4.0 32 12.4 10.2
Latin America and

the Caribbean 43 3.5 22.1 116 188 4.4 18.1 404 12.0 10.1
Latin America and

the Caribbean (without
Mexico) 35 2.8 17.8 117 85 2.0 8.1 229 7.1 5.3

Sub-Saharan Africa 7 0.6 3.7 25 19 0.4 1.8 45 8.0 4.6
Sub-Saharan Africa (without

South Africa) 2 0.2 1.1 8 5 0.1 0.5 14 7.3 4.4
Middle East and North Africa

and Turkey 17 1.4 8.8 96 53 1.2 5.1 220 9.1 6.6

Source: UNIDO Scoreboard database (see technical annex).

Note: Export data are for all economies in the world, not only the 87 economies in the Scoreboard.

a. Indudes only 12 of 49 least developed countries.
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Manufacturing value added
Change

in medium
and high tech,

Country group, 1985 1998 1985 to 1998
income level Resource Low Medium and Resource Low Medium and (percentage
or region based tech high tech based tech high tech point)
World 27.1 16.2 56.8 27.1 14.1 58.7 1.9
Industrialized economies 25.5 15.3 59.3 25.5 13.3 61.2 1.9
Transition economies 45.1 12.7 42.2
Developing economies 37.1 20.4 42.5 33.7 17.6 48.7 6.2
High and upper-middle income 33.9 20.5 45.6 30.5 16.1 53.4 7.8
Lower-middle income 54.0 19.9 26.1 43.9 20.7 35.4 9.3
Low income 32.5 20.6 46.9 31.7 18.4 49.9 3.0
Low income (without China and India) 52.4 21.3 26.4 47.6 27.0 25.4 -1.0
Least developed countries. 52.1 25.0 22.9 44.4 31.6 24.0 1.1
EastAsia 31.9 23.8 44.3 28.0 17.6 54.4 10.1
EastAsia (without China) 33.1 25.6 41.3 26.4 17.4 56.2 14.9
South Asia 30.3 19.9 49.8 27.6 19.7 52.7 2.9
Latin America and the Caribbean 39.6 18.0 42.5 44.6 15.7 39.7 -2.8
Latin America and the Caribbean
(without Mexico) 38.7 17.8 43.5 42.2 14.2 43.7 -0.2

Sub-Saharan Africa 42.7 18.7 38.6 43.6 18.8 37.6 -1.0
Sub-Saharan Africa
(without South Africa) 51.8 21.6 26.5 55.3 20.5 24.2 -2.3

Middle Eastand North Africa
and Turkey 48.6 20.7 30.7 41.4 21.8 36.8 6.1

Manufactured exports
Change In

medium and
high tech,

1985 1998 1985 to 1998
Country group, Medium Medium (percent-
income level Resource Low Medium High and high Resource Low Medium High and high age
or region based tech tech tech tech based tech tech tech tech point)
World 23.7 18.6 40.9 16.8 57.7 17.4 18.8 38.7 25.1 63.8 6.1
Industrialized economies 21.0 16.1 44.7 18.2 62.9 16.8 15.5 43.3 24.5 67.8 4.8
Transition economies 26.4 26.7 34.9 12.0 46.9
Developing economies 34.1 32.2 21.9 11.6 33.5 18.2 28.0 25.6 28.2 53.8 20.3
High and upper-middle
income 26.8 32.7 25.7 14.8 40.5 15.8 19.3 30.2 34.8 64.9 24.4

Lower-middle income 62.3 23.4 12.0 2.3 14.3 27.3 30.1 17.1 25.6 42.7 28.4
Low income 39.1 46.8 10.6 3.5 14.1 13.1 51.9 18.4 16.6 35.0 20.9
Low income (without
China and India) 37.8 52.0 9.3 0.8 10.1 17.8 72.9 8.2 1.0 9.2 -0.9

Least developed
countries. 39.6 55.9 3.8 0.7 4.5 12.6 84.0 3.1 0.3 3.4 -1.1

EastAsia 22.7 38.2 23.3 15.8 39.1 12.1 28.1 23.6 36.1 59.7 20.6
EastAsia (without China) 21.9 37.9 23.9 16.4 40.3 12.8 21.1 24.8 41.4 66.2 25.9
South Asia 32.3 55.8 9.2 2.8 12.0 21.4 62.8 11.4 4.4 15.8 3.8
Latin America and
the Caribbean 51.3 16.9 24.8 70 31.8 24.9 18.2 37.2 19.7 56.9 25.1

Latin America and
the Caribbean (without
Mexico) 58.6 17.7 20.4 3.3 23.7 47.1 17.0 28.9 7.0 35.9 12.2

Sub-Saharan Africa 57.9 17.3 18.2 66 24.8 45.8 23.3 25.5 5.3 30.8 6.0
Sub-Saharan Africa
(without South Africa) 67.8 19.2 11.6 1.4 13.0 50.5 36.8 11.4 1.3 12.7 -0.3

Middle Eastand North
Africa and Turkey 59.9 24.5 14.1 1.5 15.6 39.9 37.6 18.8 3.7 22.5 6.9

Source: UNIDO Scoreboard database (see technical annex).

a. Indudes only 12 of 49 least developed countries.
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1985 1998
Developing Developing

World economies' World economies'
All shares Developing shares All shares Developing shares

Rank economies (percent) economies (percent) Rank economies (percent) economies (percent)
Manufacturing value added
1 United States 32.4 China 22.2 1 United States 25.4 China 29.0
2 Japan 16.0 Brazil 14.4 2 Japan 15.9 Brazil 12.3
3 Germany 7.9 Mexico 7.8 3 Germany 8.5 Korea, Republic of 8.0
4 France 4.6 India 7.0 4 China 6.3 Mexico 6.7
5 Italy 4.3 Korea, Republic of 5.7 5 France 5.0 Taiwan

Province of China 6.0
Top 5 65.2 Top 5 57.2 Top 5 61.1 Top 5 62.0

6 China 4.3 Argentina 5.5 6 United Kingdom 4.4 India 5.2
7 United Kingdom 4.0 Taiwan 7 Italy 4.2 Argentina 4.3

Province of China 4.9
8 Brazil 2.8 Indonesia 2.9 8 Brazil 2.7 Turkey 3.6
9 Canada 2.4 Venezuela 2.8 9 Canada 1.9 Thailand 2.9
10 Spain 1.8 Turkey 2.6 10 Spain 1.8 Indonesia 1.9

Top 10 80.4 Top 10 75.9 Top 10 76.1 Top 10 80.0
Bottom 30 0.8 Bottom 30 4.2 Bottom 30 0.5 Bottom 30 2.4

Manufactured exports
1 Japan 13.3 Taiwan 1 United States 12.8 China 17.0

Province of China 15.0 2 Germany 12.8 Korea, Republic of 15.0
2 Germany 11.4 Korea, Republic of 12.2
3 United States 12.6 Singapore 9.8 3 Japan 8.6 Taiwan

Province of China 10.7
4 France 6.5 Brazil 9.1 4 France 6.2 Mexico 10.5
5 Italy 5.8 Hong Kong SAR 8.2 5 United Kingdom 5.7 Singapore 10.5

Top 5 51.0 Top 5 57.1 Top 5 44.7 Top 5 61.1
6 United Kingdom 5.7 Malaysia 4.4 6 Italy 5.3 Malaysia 6.7
7 Canada 4.9 Mexico 4.3 7 China 3.9 Thailand 4.5
8 Netherlands 4.0 Venezuela 3.6 8 Canada 3.8 Brazil 3.9
9 Belgium 3.4 India 3.2 9 Belgium 3.6 Philippines 2.8
10 Taiwan China 3.1 10 Netherlands 3.3 Indonesia 2.7

Province of China 2.3
Top 10 71.2 Top 10 75.8 Top 10 64.6 Top 10 81.6
Bottom 30 0.3 Bottom 30 2.2 Bottom 30 0.3 Bottom 30 1.3

Source: UNIDO Scoreboard database (see technical annex).
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1987 1995-1998.
Developing Developing

Country group. World economies' Number World economies' Number Growth
income level Number shares shares per 1,000 Number shares shares per 1,000 rate
or region (thousands) (percent) (percent) population (thousands) (percent) (percent) population (percent)
Total enrolment
Industrialized economies 26,630 56.5 na 34.3 33,775 44.9 na 40.1 1.8
Transition economies na 6,157 8.2 na 26.3
Developing economies 20,473 43.5 100 6.3 35,346 47.0 100 8.7 4.3
High and upper-middle

income 5,998 12.7 29.3 15.6 8,849 11.8 25.0 18.3 3.0
Lower-middle Income 6,741 14.3 32.9 12.8 12,443 16.5 35.2 18.4 4.8
Low income 7,734 16.4 37.8 3.3 14,053 18.7 39.8 4.8 4.7
Low income (without

China and India) 1,198 2.5 5.9 2.4 2,644 3.5 7.5 3.8 6.3
Least developed

countriesb 634 1.3 3.1 2.5 785 1.0 2.2 2.3 1.7
East Asia 6,388 14.0 31.2 4.6 15,007 211 42.5 9.2 6.8
East Asia (without China) 4,323 9.0 21.1 12.3 9,181 129 26.0 21.9 6.0
South Asia 5,087 11.0 24.9 5.1 6,545 9.2 18.5 5.4 2.0
Latin America and
the Caribbean 6,142 13.0 30.0 16.6 7,677 10.8 21.7 17.3 1.7

Latin America and
the Caribbean
(without Mexico) 4,897 10.0 23.9 16.6 6,257 8.8 17.7 17.7 1.9

Sub-Saharan Africa 1,542 2.2 4.4 4.0
Sub-Saharan Africa

(without South Africa) 434 1.0 2.1 1.7 924 1.3 2.6 2.7 6.0
Middle East and North

Africa and Turkey 2,419 5.0 11.8 13.6 4,571 6.4 12.9 20.5 5.0
Technical enrolmentc
World 9,323 100 na 2.2 14,611 100 na 2.8 3.5
Industrialized economies 4,508 48.4 na 5.8 5,850 40.0 na 7.0 2.0
Transition economies na 2,090 14.3 na 8.9
Developing economies 4,814 51.6 100 1.5 6,670 45.7 100 1.6 2.5
High and upper-middle
income 1,400 15.0 29.1 3.6 2,100 14.4 31.5 4.4 3.2
Lower-middle Income 1,136 12.2 23.6 2.2 1,937 13.3 29.0 2.9 4.2
Low income 2,278 24.4 47.3 1.0 2,633 18.0 39.5 0.9 1.1
Low income (without

China and India) 223 2.4 4.6 0.4 325 2.2 4.9 0.5 3.0
Least developed

countriesd 135 1.4 2.8 0.5 138 0.9 2.1 0.4 0.1
East Asia 1,726 18.5 35.9 1.2 3,198 21.5 46.3 2.0 4.9
East Asia (without China) 905 9.7 18.8 2.6 1,977 13.3 28.6 4.7 6.2
South Asia 1,384 14.9 28.8 1.4 1,271 8.6 18.4 1.0 -0.7
Latin America and

the Caribbean 1,341 14.4 27.8 3.6 1,497 10.1 21.7 3.4 0.9
Latin America and

the Caribbean
(without Mexico) 965 10.3 20.0 3.3 1,097 7.4 15.9 3.1 1.0

Sub-Saharan Africa 185 1.2 2.7 0.5
Sub-Saharan Africa

(without South Africa) 58 0.6 1.2 0.2 117 0.8 1.7 0.3 5.5
Middle East and North

Africa and Turkey 306 3.3 6.3 1.7 519 3.5 7.5 2.3 4.1

Source: UNIDO Scoreboard database (see technical annex).

a. Period for which the most recent enrolment data could be obtained (data were not always available for 1998).

b. Includes only 12 of 491east developed countries. Bangladesh accounts for 64.8 percent of enrolment in this group in 1985 and 58.7 percent in 1998.

c. Covers engineering, mathematics, computer science and natural sciences.
d. Includes only 12 of 49 least developed countries. Bangladesh accounts for 72.4 percent of enrolments in this group in 1985 and 65.3 percent in 1998.
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1987 1995-1998"
Developing Developing

World economies' World economies'
All shares Developing shares All shares Developing shares

Rank economies (percent) economies (percent) Rank economies (percent) economies (percent)
Total enrolment

1 United States 29.1 India 21.8 1 United States 19.2 China 16.5
2 India 9.5 China 10.1 2 China 7.7 India 15.8
3 Japan 5.3 Korea, Republic of 7.4 3 India 7.4 Indonesia 6.5
4 China 4.4 Brazil 7.2 4 Russian Federation 5.9 Korea, Republic of 6.3
5 France 3.9 Mexico 6.1 5 Japan 5.2 Philippines 5.2

Top 5 52.2 Top 5 52.6 Top 5 45.4 Top 5 50.3
6 Germany 3.5 Philippines 5.9 6 Indonesia 3.1 Brazil 4.9
7 Korea, Republic of 3.2 Indonesia 4.8 7 Korea, Republic of 3.0 Mexico 4.0
8 Brazil 3.1 Argentina 3.7 8 Germany 2.8 Thailand 3.5
9 Mexico 2.6 Egypt 2.9 9 France 2.8 Turkey 3.3

10 Italy 2.6 Turkey 2.6 10 Canada 2.7 Argentina 3.0
Top 10 67.2 Top 10 72.4 Top 10 59.7 Top 10 69.0
Bottom 30 0.5 Bottom 30 1.1 Bottom 30 0.6 Bottom 30 2.1

Technical enrolment
1 United States 19.6 India 25.6 1 United States 12.3 China 18.3
2 India 13.2 China 17.1 2 Russian Federation 12.0 India 16.3
3 China 8.8 Mexico 7.8 3 China 8.4 Korea, Republic of 11.1
4 Japan 5.4 Korea, Republic of 6.7 4 India 7.4 Indonesia 6.6
5 Germany 4.9 Philippines 5.6 5 Japan 5.5 Mexico 6.0

Top 5 51.8 Top 5 62.8 Top 5 45.6 Top 5 58.3
6 Mexico 4.0 Brazil 4.7 6 Korea, Republic of 5.1 Philippines 5.8
7 Korea, Republic of 3.4 Argentina 4.4 7 Germany 4.3 Brazil 4.3
8 France 3.3 Indonesia 2.9 8 United Kingdom 3.0 Taiwan

9 Province of China 3.4
9 United Kingdom 3.3 Colombia 2.4 10 Indonesia 3.0 Colombia 3.0

10 Philippines 2.9 Taiwan Mexico 2.7 Argentina 2.4
Province of China 2.4

Top 10 68.8 Top 10 79.5 Top 10 63.7 Top 10 77.2
Bottom 30 0.9 Bottom 30 1.7 Bottom 30 1.3 Bottom 30 2.8

Source: UNIDO Scoreboard database (see technical annex).

a. Period for wh.,ch the most recent enrolment data could be obtained (data were not always available for 1998).
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1985 1995-1998"
Asa Asa

share of share of Growth
Per manu- Per manu- rate

Value Developing capita facturing Value Developing capita facturing 1985 to
Country group. (millions World economies' (millions value (millions World economies' (millions value 1995-
income level of shares shares of added of shares shares of added 1998
or region dollars) (percent) (percent) dollars) (percent) dollars) (percent) (percent) dollars) (percent) (percent)
World 97,133.6 100 na 22.9 3.9 353,288.9 100 na 71.4 6.3 10.4
Industrialized economies 95,034.1 97.8 na 122.3 4.7 333,088.6 94.3 na 402.4 7.9 10.1
Transition economies na 2,078.7 0.6 na 8.8 1.6
Developing economies 2,099.6 2.2 100 0.6 0.4 18,121.7 5.1 100 4.6 1.5 18.0
High and upper-middle
income 1,698 1.7 80.9 4.4 16,057 4.5 88.6 33.3 18.9

Lower-middle income 98 0.1 4.7 0.2 569 0.2 3.1 0.8 14.5
Low income 303 0.3 14.5 0.1 1,496 0.4 8.3 0.5 13.1
Low income (without
China and India) 17.7

Least developed countriesb

EastAsia 14,125.8 4.0 77.9 8.7 22
EastAsia (without China) 1,115.1 1.1 53.1 3.2 1.1 13,028.4 3.7 71.9 31.0 4.4 20.8
South Asia 303.3 0.3 14.4 0.3 0.7 397.6 0.1 2.2 0.3 0.5 2.1
Latin America and
the Caribbean 423.1 0.4 20.2 1.1 0.2 2,783.7 0.8 15.4 6.3 0.8 15.6

Latin America and
the Caribbean
(without Mexico) 170.9 0.2 8.1 0.6 0.1 2,647.2 0.7 14.6 7.5 1.0 23.5

Sub-Saharan Africa 183.7 0.2 8.7 0.6 0.7 501.2 0.1 2.8 1.3 1.3 8.0
Sub-Saharan Africa
(without South Africa) 0.1 0.4 11.3

Middle Eastand North
Africa and Turkey 74.3 0.1 3.5 0.4 0.2 313.3 0.1 1.7 1.4 0.3 11.7

Source: UNIDO Scoreboard database (see technical annex).

a. Period for which the most recent R&D data could be obtained (data were not always available for 1998).

b. Includes only 12 of 49 least developed countries.
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1985 1995-1998"
Developing Developing

World economies' World economies'
All shares Developing shares All shares Developing shares

Rank economies (percent) economies (percent) Rank economies (percent) economies (percent)
1 United States 37.6 Taiwan 1 United States 34.7 Korea, Republic of 52.4

Provi nce of Chi na 29.3
2 Japan 23.9 Korea, Republic of 21.0 2 Japan 30.5 Taiwan

Provi nce of Chi na 14.4
3 Germany 20.4 India 14.4 3 Germany 9.7 Brazil 12.1
4 France 3.6 Mexico 12.0 4 France 4.9 China 6.1
5 United Kingdom 3.1 South Africa 8.7 5 United Kingdom 2.9 Singapore 3.3

Top 5 88.6 Top 5 85.6 Top 5 82.6 Top 5 88.2
6 Canada 1.8 Brazil 7.0 6 Korea, Republic of 2.7 South Africa 2.8
7 Switzerla nd 1.4 Turkey 3.2 7 Switzerland 1.7 India 2.2
8 Netherlands 1.2 Singapore 1.7 8 Sweden 1.6 Argentina 1.6
9 Italy 1.1 Chile 0.9 9 Italy 1.5 Turkey 1.6

10 Sweden 1.0 Indonesia 0.4 10 Canada 1.2 Indonesia 0.8
Top 10 95.0 Top 10 98.8 Top 10 91.3 Top 10 97.2
Bottom 30 Bottom 30 Bottom 30 Bottom 30

Source: UNIDO Scoreboard database (see technical annex).

a. Period for which the most recent R&D data could be obtained (data were not always available for 1998).
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I Table A2.9 ~~~~~~~IillliI~ ~'iJ~1illliI ~'iJffill

1981-1985 1993-1998
Average Developing Per Average Developing Per

Country group. value" World economies' capita value" World economies' capita Growth
income level (millions shares shares (millions (millions shares shares (millions rate
or region of dollars) (percent) (percent) of dollars) of dollars) (percent) (percent) of dollars) (percent)
World 56,375.4 100.0 na 13.3 314,045.6 100.0 na 63.4 15.4
Industrialized economies 42,541.8 75.5 na 54.8 199,982.5 63.7 na 241.6 13.8
Transition economies na 9,597.5 3.1 na 40.8
Developing economies 13,833.6 24.5 100.0 4.3 104,465.6 33.3 100.0 26.9 18.4
High and upper-
middle income 9,676.4 17.2 69.9 25.1 43,785.2 13.9 41.9 95.0 13.4

Lower-middle Income 2,505.2 4.4 18.1 4.8 18,280.0 5.8 17.5 28.5 18.0
Low income 1,652.0 2.9 11.9 0.7 42,400.4 13.5 40.6 15.2 31.1
Low income (without
China and India) 657.7 1.2 4.8 1.3 2,945.5 0.9 2.8 4.5 13.3

Least developed countriesb 41.1 0.1 0.3 0.2 547.6 0.2 0.5 1.6 22.0
EastAsia 6,038.5 10.7 43.7 4.3 64,377.9 20.5 61.6 39.7 21.8
EastAsia (without China) 5,104.3 9.1 36.9 14.5 26,565.0 8.5 25.4 63.3 14.7
South Asia 196.6 0.3 1.4 0.2 2,522.9 0.8 2.4 2.1 23.7
Latin America and
the Caribbean 4,091.1 7.3 29.6 11.1 31,291.1 10.0 29.9 70.4 18.5

Latin America and
the Caribbean
(without Mexico) 3,194.2 5.7 23.1 10.8 24,485.0 7.8 23.4 69.3 18.5

Sub-Saharan Africa 508.7 0.9 3.7 1.7 3,155.0 1.0 3.0 8.2 16.4
Sub-Saharan Africa
(without South Africa) 501.7 0.9 3.6 1.9 1,822.4 0.6 1.7 5.3 11.3

Middle Eastand North
Africa and Turkey 2,998.7 5.3 21.7 16.9 3,196.6 1.0 3.1 14.1 0.5

Source: UNIDO Scoreboard database (see technical annex).

a. Annual averages calculated for the periods 1981-1985 and 1993-1997.

b. Includes only 12 of 49 least developed countries.
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I Table A2.10 U'~~~~~~~CilliX!J~1J~CilliX!J1Jrn:l

1985" 1998"
Developing Per capita Developing Per capita

Country group. Value World economies' value Value World economies' value Growth
income level (billions shares shares (billions (billions shares shares (billions rate
or region of dollars) (percent) (percent) of dollars) of dollars) (percent) (percent) of dollars) (percent)
World 11,091.8 100 na 2.6 70,471.0 100 na 14.2 16.7
Industrialized economies 9,286.9 83.7 na 12 54,825.4 77.8 na 66.2 15.9
Transition economies na 583.8 0.8 na 2.5
Developing economies 1,804.9 16.3 100 0.6 15,061.8 21.4 100 3.9 19.3
High and upper-middle

income 1,230.1 11.1 68.2 3.2 11,409.7 16.2 75.8 23.6 18.7
Lower-middle income 539.9 4.9 29.9 1.0 2,937.8 4.2 19.5 4.3 13.9
Low income 34.9 0.3 1.9 714.3 1.0 4.7 0.2 26.1
Low income (without

China and India) 9.7 0.1 0.5 93.5 0.1 0.6 0.1 19.0
Least developed countriesb 0.2 21.8 0.1 0.1 42.3
East Asia 11,568.3 16.4 76.8 7.1
East Asia (without China) 942.3 8.5 52.2 2.7 11,148.3 15.8 74.0 26.6 22.9
South Asia 25.1 0.2 1.4 0 225.6 0.3 1.5 0.2 20.1
Latin America and

the Caribbean 696.9 6.3 38.6 1.9 2,348.8 3.3 15.6 5.3 10.7
Latin America and

the Caribbean
(without Mexico) 554.9 5.0 30.7 1.9 1,847.8 2.6 12.3 5.2 10.5

Sub-Saharan Africa 127.8 1.2 7.1 0.4 229.0 0.3 1.5 0.6 5.0
Sub-Saharan Africa

(without South Africa) 7.5 0.1 0.4 63.6 0.1 0.4 0.2 19.5
Middle East and North

Africa and Turkey 12.8 0.1 0.7 0.1 690.1 1.0 4.6 3.0 39.4

Source: UNIDO Scoreboard database (see technical annex).

a. When data far 1985 ar 1998 were not available. data for closest years were used.

b. Includes only 12 of 49 least developed countries.
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1985 1998
Developing Developing

World economies' World economies'
All shares Developing shares All shares Developing shares

Rank economies (percent) economies (percent) Rank economies (percent) economies (percent)
1 Japan 20.5 Indonesia 21.3 1 United States 16.0 Malaysia 15.9
2 Germany 11.0 Korea, Republic of 17.9 2 Japan 12.7 Korea, Republic of 15.7
3 United States 10.5 Taiwan 3 Ireland 8.8 Singapore 11.7

Province of China 9.5
4 France 8.9 Mexico 7.9 4 United Kingdom 8.7 Taiwan

Province of China 9.4
5 United Kingdom 7.3 South Africa 6.7 5 Germany 6.9 Hong Kong SAR 8.2

Top 5 58.1 Top 5 63.3 Top 5 53.2 Top 5 61.0
6 Netherlands 6.6 Thailand 2.5 6 Netherlands 4.2 Brazil 7.1
7 Argentina 3.8 Ecuador 2.3 7 France 3.9 Indonesia 6.7
8 Belgium 3.8 Brazil 1.7 8 Malaysia 3.4 Thailand 5.3
9 Australia 3.5 India 1.4 9 Korea, Republic of 3.4 Mexico 3.3

10 Indonesia 3.5 Chile 1.3 10 Canada 2.9 Argentina 2.8
Top 10 79.3 Top 10 72.5 Top 10 71.0 Top 10 86.2
Bottom 30 Bottom 30 Bottom 30 0.1 Bottom 30 0.3

Source: UNIDO Scoreboard database (see technical annex).
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Developing Per 1,000 Developing Per 1.000
Country group. World economies' people World economies' people
income level Number shares shares (millions Number shares shares (millions
or region (thousands) (percent) (percent) of units) (thousands) (percent) (percent) of units)
Personal computers, 1998 Internet hosts, 2001
World 334.3 100 na 64.9 106.1 100 na 20.6
Industrialized economies 266.3 79.6 na 316.5 99.7 94.0 na 118.5
Transition economies 10.0 3.0 na 43.4 1.1 1.0 na 4.8
Developinq economies 58.1 17.4 100 14.2 5.3 5.0 100 1.3
High and upper-middle income 32.6 9.7 56.1 67.5 4.6 4.3 87.0 9.4
Lower-middle Income 9.9 3.0 17.0 14.6 0.5 0.5 9.1 0.7
Low income 15.6 4.7 26.9 5.4 0.2 0.2 3.9 0.1
Low income (without

China and India) 2.0 0.6 3.2 2.7 - - 0.3 -
Least developed countries' 0.3 0.1 0.5 0.8 - 0 - -
East Asia 32.4 9.7 55.9 19.3 3.0 2.9 57.7 1.8
East Asia (without China) 21.4 6.4 36.8 48.6 2.9 2.7 55.0 6.6
South Asia 3.3 1.0 5.7 2.6 0.1 0.1 1.1 -
Latin America and the Caribbean 15.5 4.6 26.8 33.3 1.6 1.5 31.1 3.5
Latin America and the Caribbean

(without Mexico) 11.0 3.3 19.0 29.8 1.2 1.1 22.8 3.2
Sub-Saharan Africa 3.2 1.0 5.6 7.8 0.3 0.2 5.0 0.6
Sub-Saharan Africa (without

South Africa) 1.3 0.4 2.2 3.4 - - 0.3 -
Middle East and North Africa
and Turkey 3.6 1.1 6.1 14.8 0.3 0.3 5.1 1.1

Telephone mainlines, 1998 Mobile telephones, 1998
World 785.4 100 na 152.5 312.3 100 na 60.6
Industrialized economies 480.5 61.2 na 571.1 223.6 71.6 na 265.8
Transition economies 49.3 6.3 na 214.0 5.5 1.8 na 23.9
Developinq economies 255.6 32.5 100 62.6 83.2 26.6 100 20.4
High and upper-middle income 88.6 11.3 34.7 183.6 43.4 13.9 52.2 90.0
Lower-middle Income 53.1 6.8 20.8 78.5 14.3 4.6 17.2 21.1
Low income 113.9 14.5 44.6 39.0 25.5 8.2 30.6 8.7
Low income (without

China and India) 6.0 0.8 2.4 8.8 1.0 0.2 0.9 1.1
Least developed countries' 1.5 0.2 0.6 4.4 0.2 0.1 0.3 0.6
East Asia 138.8 17.7 54.3 82.7 53.3 17.1 64.1 31.8
East Asia (without China) 52.5 6.7 20.6 119.3 29.8 9.5 35.8 67.7
South Asia 25.2 3.2 9.9 19.7 1.6 0.5 2.0 1.3
Latin America and the Caribbean 57.1 7.3 22.3 122.3 21.1 6.8 25.4 45.2
Latin America and the Caribbean

(without Mexico) 47.2 6.0 18.5 127.2 17.8 5.7 21.3 47.9
Sub-Saharan Africa 6.9 0.9 2.7 16.5 2.6 0.8 3.2 6.3
Sub-Saharan Africa (without

South Africa) 2.1 0.3 0.8 5.7 0.3 0.1 0.3 0.8
Middle East and North Africa

and Turkev 27.6 3.5 10.8 115.0 4.5 1.4 5.4 18.7

Source: UNIDO Scoreboard database (see technical annex).
a. Includes only 12 of 49 least developed countries.
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Table A2.13 ~@W1fÖ:il~~ffil1)~~~~[@vd]ffiIi)~
~'\JffiU,~~

Foreign direct
Manufacturing R&D financed investment

Country valued added Exports Tertiary technical by enterprises inflows per capita Royalties
group, per capita per capita enrolment per per capita (dollars) per capita"
income level (dollars) (dollars) 1.000 people (dollars) 1981- 1993- (dollars)
or region 1985 1998 1985 1998 1987 1995 1985 1998 1985 1997 1985 1998
World 619 1,094 293 821 2.2 2.8 22.9 71.4 13.3 63.4 2.6 14.2
Industrial
economies 2,579 5,040 1,345 3,714 5.8 7.0 122.3 402.4 54.8 241.6 12 66.2

Transition
economies 725 501 8.9 8.8 40.8 2.5

Developing
economies 147 300 60 242 1.5 1.6 0.7 4.6 4.3 26.9 0.6 3.9

High and
upper-middle 578 1,161 371 1,274 3.6 4.4 4.4 33.3 25.1 95.0 3.2 23.6

Lower-middle 176 311 64 236 2.2 2.9 0.2 0.8 4.8 28.5 1.0 4.3
Low 70 156 8 73 1.0 0.9 0.1 0.5 0.7 15.2 0.2
Low (without
China and
India) 44 51 11 28 0.4 0.5 1.3 4.5 0.1

Least developed
countriesb 31 35 7 18 0.5 0.4 0.2 1.6 0.1

EastAsia 145 387 84 409 1.2 2.0 8.7 4.3 39.7 na 7.1
EastAsia
(without
China) 278 668 317 1,178 2.6 4.7 3.2 31.0 14.5 63.3 2.7 26.6

South Asia 42 65 9 32 1.4 1.0 0.3 0.3 0.2 2.1 0.2
Latin America
and the
Caribbean 462 771 116 404 3.6 3.4 1.1 6.3 11.1 70.4 1.9 5.3

Latin America
and the
Caribbean
(without
Mexico) 454 750 117 229 3.3 3.1 0.6 7.5 10.8 69.3 1.9 5.2

Sub-Saharan
Africa 83 92 25 45 0.5 0.6 1.3 1.7 8.2 0.4 0.6

Sub-Saharan
Africa (without
South Africa) 49 40 8 14 0.2 0.3 1.9 5.3 0.2

Middle Eastand
North Africa
and Turkey 202 392 96 220 1.7 2.3 0.4 1.4 16.9 14.1 0.1 "3.0

Share, top 10 75.9 80.0 75.8 81.6 79.5 77.2 98.8 97.2 78.5 78.8 72.5 86.2
Share, bottom 304.2 2.4 2.2 1.3 1.7 2.8 2.4 1.8 0.3
Share, least
developed
countriesb 0.7 0.6 0.7 0.6 2.8 2.1 0.3 0.5 0.1

Source: UNIDO Scoreboard database (see technical annex).
a. Technology licence payments.
b. Includes only 12 of 49 least developed countries.
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24.3 10.0 507 142
221 375
20.6 20.2 217 145
17.6 8.3 403 138

15.8 30.9 509 672
9.2 57.7 169 728
7.9 484

p
Uganda
Mozambique
Malawi
Nepal
United Republic
of Tanzania

Ghana
Ethiopia

37 47 Chile 748.8 214.5 11,099 2,584 81 79
38 51 Mauritius 738.9 182.5 857 185 82
39 43 Turkey 695.1 244.1 44,106 12,274 83 78
40 Russian Federation 662.7 97,357 84 80
41 27 Venezuela 607.3 792.0 14,114 13,573 85 75

42 33 Saudi Arabia 605.1 546.4 12,550 6,764 86 68
43 45 Peru 584.9 224.7 14,505 4,380 87
44 55 Thailand 584.5 166.7 35,771 8,528

Source: UNIDO Scoreboard database (see technical annex).

I Table A2.14 ~~~\!lifu:@~'iJ~~'iJ~ I

Rank by Manu- Rank by
manu- Manufacturing facturing manu- Manufacturing Manufacturing

facturing value added value added facturing value added value added
value added per capita (millions value added per capita (millions
per capita (dollars) of dollars) per capita (dollars) of dollars)

1998 1985 Economy 1998 1985 1998 1985 1998 1985 Economy 1998 1985 1998 1985
1 1 Switzerland 8,314.7 3,861.2 59,084 24,982 45 38 South Africa 556.9 366.5 23,056 11,476
2 3 Japan 7,083.5 3,286.8 895,425 396,890 46 40 Costa Rica 556.6 327.9 1,963 866
3 19 Ireland 7,042.9 1.337.1 26,094 4,733 47 24 Romania 466.3 872.9 10,494 19,838
4 16 Singapore 6,178.4 1,681.1 19,545 4,174 48 49 EI Salvador 425.9 200.7 2,580 957
5 5 Germany 5,866.3 2,530.6 481,315 196,622 49 54 Tunisia 390.0 174.8 3,641 1,269
6 6 Finland 5,557.4 2,493.6 28,637 12,224 50 52 Jamaica 371.9 179.1 958 414
7 2 United States 5,300.8 3,372.3 1,432,800 802,347 51 39 Ecuador 354.4 332.2 4,315 3,023
8 4 Sweden 5,295.4 2,599.4 46,874 21,705 52 58 Egypt 326.1 132.6 20,020 6,166
9 9 Austria 5,191.22,048.3 41,935 15,475 53 48 Colombia 322.2 213.8 13,148 6,769

10 11 Denmark 4,776.3 1,873.9 25,319 9,583 54 56 Oman 293.3 163.5 675 228
11 8 France 4,761.9 2,084.1 280,223 114,982 55 63 China 287.0 100.6 355,540 105,698
12 13 Belgium 4,445.9 1.769.7 45,366 17,445 56 41 Panama 271.3 298.6 750 647
13 14 United Kingdom 4,179.0 1,738.7 246,789 98,558 57 53 Paraguay 246.6 178.9 1,287 646
14 12 Italy 4,082.1 1,873.5 235,087 106,027 58 44 Guatemala 237.4 228.9 2,564 1.771
15 17 Netherlands 3,953.4 1,562.3 62,061 22,641 59 62 Morocco 219.3 110.3 6,091 2,388
16 10 Norway 3,803.2 1,898.3 16,856 7,884 60 57 Philippines 189.7 141.4 14,260 7,731
17 7 Canada 3,489.2 2,263.1 105,725 58,710 61 50 Jordan 188.6 196.5 860 519
18 21 Taiwan Province 62 Albania 183.8 614

of China 3,351.2 1,260.3 73,183 23,316
19 28 Portugal 2,631.2 708.2 26,228 7,090 63 59 Bolivia 177.9 132.3 1,414 780
20 22 Spain 2,620.9 1,153.2 103,186 44,293 64 42 Algeria 153.8 264.5 4,602 5,788
21 18 New Zealand 2,611.2 1,498.8 9,902 4,903 65 61 Honduras 138.3 111.7 851 468
22 23 Israel 2,598.8 971.5 15,497 4,112 66 70 Sri Lanka 124.5 50.8 2,338 804
23 15 Australia 2,488.3 1,692.5 46,658 26,670 67 65 Indonesia 115.0 85.6 23,418 13,960
24 Slovenia 2,365.0 .. 4,687 .. 68 69 Senegal 81.7 51.8 739 330
25 29 Korea, Republic of 2,107.8 668.1 97,866 27,264 69 60 Zimbabwe 77.4 123.1 905 1,024
26 Czech Republic 1,612.4 16,600 70 71 Pakistan 72.6 45.0 9,557 4,264
27 25 Bahrain 1,577.4 869.8 1,014 370 71 46 Nicaragua 67.0 217.9 321 742
28 26 Argentina 1,475.2 862.2 53,293 26,130 72 72 India 65.2 43.7 63,860 33,471
29 20 Hong Kong SAR 1,411.0 1,322.0 9,435 7,213 73 64 Cameroon 64.6 94.3 923 940
30 36 Uruguay 1,125.0 463.2 3,700 1,394 74 66 Nigeria 62.2 83.9 7,514 6,979
31 30 Hungary 947.1 653.3 9,579 6,911 75 73 Bangladesh 59.6 33.5 7,489 3,280
32 37 Malaysia 936.6 368.1 20,774 5,771 76 67 Zambia 39.6 76.8 383 515
33 32 Greece 927.5 548.4 9,753 5,448 77 74 Kenya 36.6 31.7 1,072 631
34 34 Brazil 912.0 507.6 151,274 68,640 78 .. Yemen 34.1 565
35 35 Mexico 854.6 494.8 81,912 37,342 79 77 Madagascar 26.5 28.3 387 287
36 31 Poland 779.2 626.6 30,129 23,311 80 76 Central African

Re ublic 26.0 30.0 90 78
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I Table A2.15 ~~~~1J~GllliJ1J~

Rank by Total Rank by Total
manu- Manufactured manufactured manu- Manufactured manufactured

factured exports exports factured exports exports
exports per capita {millions exports per capita {millions

per capita {dollars} of dollars} per capita {dollars} of dollars}
1998 1985 Economy 1998 1985 1998 1985 1998 1985 Economy 1998 1985 1998 1985
1 1 Singapore 32,713 7,657.7 103,489 19,014 45 39 Turkey 360.7 115.1 22,885 5,790
2 10 Ireland 15,659 2,323.9 58,018 8,227 46 Romania 339.0 7,630
3 2 Belgium 15,050 4,480.1 153,572 44,165 47 28 Venezuela 337.3 409.8 7,841 7,023
4 3 Switzerland 10,512 3,983.0 74,702 25,770 48 35 South Africa 322.1 158.5 13,334 4,962
5 4 Netherlands 8,894.6 3,514.6 139,628 50,933 49 37 Brazil 234.4 130.3 38,882 17,617
6 5 Sweden 8,396.4 3,452.0 74,323 28,824 50 Russian Federation 201.9 29,659
7 7 Finland 7,917.7 2,561.6 40,800 12,557 51 55 Sri Lanka 162.1 36.7 3,043 582
8 8 Denmark 6,850.2 2,433.3 36,313 12,444 52 74 China 135.4 5.8 167,681 6,049
9 12 Austria 6,615.2 2,106.2 53,438 15,912 53 60 EI Salvador 134.0 22.8 812 109

10 11 Germany 5,939.0 2,125.1 487,273 165,117 54 59 Indonesia 132.0 23.7 26,895 3,856
11 9 Canada 5,383.4 2,431.4 163,121 63,074 55 62 Guatemala 128.6 21.7 1,389 168
12 14 Taiwan Province 56 49 Morocco 111.9 55.4 3,108 1,200

of China 4,833.5 1,572.6 105,554 29,092
13 15 France 4,486.3 1,507.3 264,005 83,157 57 56 Colombia 103.9 33.9 4,241 1,073
14 Slovenia 4,274.6 8,472 58 47 Jordan 103.0 70.7 470 187
15 19 United kingdom 4,099.8 1,304.4 242,113 73,937 59 34 Algeria 95.2 184.9 2,848 4,045
16 17 Italy 3,958.2 1,313.6 227,949 74,343 60 44 Peru 90.9 79.1 2,254 1,541
17 18 Israel 3,701.7 1,309.1 22,073 5,542 61 61 Bolivia 80.6 22.6 641 133
18 6 Hong Kong SAR 3,459.9 2,928.8 23,137 15,979 62 53 Panama 80.3 42.1 222 91
19 13 Norway 3,432.3 1,876.0 15,212 7,791 63 54 Ecuador 77.8 40.2 948 366
20 24 Malaysia 2,973.0 550.3 65,941 8,626 64 52 Zimbabwe 74.7 43.3 874 360
21 16 Japan 2,929.8 1,422.6 370,360 171,785 65 67 Paraguay 66.4 11.2 347 40
22 20 Korea, Republic of 2,599.6 711.3 120,700 29,025 66 63 Pakistan 56.4 18.7 7,428 1,776
23 Czech Republic 2,566.6 26,423 67 Albania 52.8 176
24 25 Spain 2,375.0 544.7 93,505 20,921 68 50 Honduras 48.2 47.9 297 201
25 26 Portugal 2,336.0 544.3 23,285 5,449 69 71 Bangladesh 37.3 8.1 4,691 793
26 21 United States 2,034.9 681.9 550,043 162,244 70 68 Egypt 36.5 9.8 2,242 458
27 46 Hungary 2,017.0 71.3 20,400 754 71 58 Senegal 34.5 24.2 300 154
28 22 New Zealand 1,625.7 632.0 6,165 2,068 72 57 Cameroon 34.0 27.0 477 269
29 29 Mauritius 1,433.7 400.2 1,602 407 73 72 Nicaragua 29.9 6.1 143 21
30 27 Australia 1,151.3 467.8 21,589 7,371 74 65 Kenya 28.3 17.1 829 341
31 41 Mexico 1,081.8 110.5 103,681 8,336 75 70 India 26.4 8.1 25,855 6,209
32 43 Costa Rica 970.7 102.3 3,423 270 76 69 Ghana 21.5 9.4 396 119
33 31 Greece 758.0 334.9 7,970 3,327 77 76 Nepal 16.3 5.1 373 85
34 45 Thailand 731.4 71.5 44,760 3,658 78 64 Central African

Republic 15.4 18.2 53 48
35 30 Saudi Arabia 701.8 340.0 14,554 4,209 79 66 Zambia 11.0 11.9 107 80
36 23 Bahrain 687.9 628.6 442 267 80 75 Madagascar 8.5 5.1 124 52
37 33 Poland 628.5 186.2 24,302 6,926 81 73 Malawi 5.8 5.9 61 43
38 40 Tunisia 554.1 115.1 5,173 836 82 77 Mozambique 4.2 4.6 60 62
39 36 Uruguay 471.8 150.3 1,552 452 83 78 United Republic

of Tanzania 2.9 2.6 93 57
40 32 Jamaica 445.9 209.6 1,149 484 84 Yemen 2.0 34
41 42 Chile 443.1 102.5 6,568 1,234 85 79 Nigeria 1.5 2.6 177 216
42 48 Oman 406.4 64.1 935 90 86 Ethiopia 1.4 85
43 38 Argentina 390.5 122.2 14,108 3,703 87 80 Uganda 0.9 0.2 19 2
44 51 Philippines 374.0 44.4 28,119 2,429

Source: UNIDO Scoreboard database (see technical annex).
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I Table A2.16 ~~~~@]~\9Ifu:@~'iJ~tIliiX1J'iJ~~ I

Rank by Rank by
share of share of
medium- medium-

and and
high- high-
tech in Share of Share of tech in Share of Share of
manu- high- and low-tech and manu- high- and low-tech and

facturing medium-tech resource-based facturing medium-tech resource-based
value added industry industry value added industry industry
1998 1985 Economy 1998 1985 1998 1985 1998 1985 Economy 1998 1985 1998 1985
1 1 Singapore 80 67 20 33 45 45 Guatemala 35 30 65 70
2 2 Japan 66 64 34 36 46 36 Pakistan 34 36 66 64
3 13 Ireland 65 53 35 47 47 32 Romania 34 41 66 59
4 3 Germany 64 64 36 36 48 62 Senegal 34 21 66 79
5 7 Switzerland 63 57 37 43 49 51 Venezuela 32 28 68 72
6 4 United States 63 62 37 38 50 47 Greece 31 29 69 71
7 5 United Kingdom 62 58 38 42 51 41 Portugal 31 33 69 67
8 8 Sweden 61 57 39 43 52 70 Jordan 31 14 69 86
9 25 Korea, Republic of 60 47 40 53 53 64 Costa Rica 30 21 70 79
10 11 Netherlands 60 56 40 44 54 42 Algeria 29 32 71 68
11 24 Malaysia 60 47 40 53 55 34 Malawi 29 38 71 62
12 9 India 59 56 41 44 56 49 Bangladesh 28 28 72 72
13 12 Brazil 58 54 42 46 57 48 EI Salvador 28 29 72 71
14 31 Taiwan Province 58 37 Zimbabwe 27 34 73 66

of China 57 43 43 57
15 14 Saudi Arabia 54 52 46 48 59 65 Chile 26 20 74 80
16 15 Israel 54 52 46 48 60 52 Jamaica 25 28 75 72
17 18 France 53 50 47 50 61 54 Morocco 25 25 75 75
18 26 Finland 53 46 47 54 62 59 Peru 25 24 75 76
19 33 Hong Kong SAR 52 38 48 62 63 58 United Republic

of Tanzania 25 24 75 76
20 10 Italy 52 56 48 44 64 57 Zambia 24 25 76 75
21 22 Canada 51 48 49 52 65 50 Kenya 24 28 76 72
22 19 China 51 49 49 51 66 Bahrain 22 .. 78
23 21 Denmark 51 48 49 52 67 63 Uruguay 21 21 79 79
24 27 Australia 51 46 49 54 68 79 Oman 20 10 80 90
25 17 Belgium 51 50 49 50 69 69 Central African

Republic 20 14 80 86
26 16 Norway 50 51 50 49 70 .. Yemen 20 80
27 23 Austria 50 48 50 52 71 56 Tunisia 19 25 81 75
28 Slovenia 50 50 72 Albania 19 81
29 28 Spain 49 44 51 56 73 75 Ghana 17 12 83 88
30 20 Czech Republic 48 48 52 52 74 60 Panama 16 23 84 77
31 6 Hungary 46 58 54 42 75 78 Sri Lanka 16 10 84 90
32 29 Poland 45 44 55 56 76 77 Uganda 15 11 85 89
33 30 South Africa 44 44 56 56 77 72 Nicaragua 15 14 85 86
34 Russian Federation 41 .. 59 78 Nepal 15 .. 85
35 40 New Zealand 40 34 60 66 79 71 Honduras 12 14 88 86
36 55 Indonesia 40 25 60 75 80 Mozambique 12 .. 88
37 44 Egypt 39 31 61 69 81 73 Mauritius 12 12 88 88
38 66 Thailand 39 18 61 82 82 80 Bolivia 11 7 89 93
39 43
40 38
41 39
42 61
43 35
44 46

Turkey
Nigeria
Argentina
Philippines
Mexico
Colombia

38
38
37
36
36
35

32
34
34
22
37
30

62
62
63
64
64
65

68 83 67
66 84 74
66 85 53
78 86 68
63 87 76
70

Cameroon
Paraguay
Ecuador
Madagascar
Ethiopia

11
11
11
10
9

17
12
27
16
11

89
89
89
90
91

83
88
73
84
89

Source: UNIDO Scoreboard database (see technical annex).
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I Table A2.17 ~~~~@}~~1I~mx!J1I~~

Rank by
share of
medium-

and
high- Complex exports Simple exports

tech in 1998 1985 1998 1985
manu- Medium Medium Low tech Low tech

factured and and and and
exports High Medium high High Medium high Low Resource resource Low Resource resource
19981985 Economy tech tech tech tech tech tech tech based based tech based based

1 1 Japan 29.6 51.5 81.1 20.8 59.2 80.0 8.0 6.3 14.3 12.4 5.3 17.7
2 34 Philippines 64.3 10.4 74.7 5.8 4.7 10.5 13.8 6.9 20.7 12.8 29.6 42.4
3 13 Singapore 56.7 17.6 74.3 20.4 19.5 39.9 6.6 13.3 19.9 7.2 36.2 43.4
4 24 Mexico 26.6 38.9 65.5 8.6 16.5 25.1 16.9 5.9 22.9 5.0 8.1 13.1
5 3 United States 31.0 34.4 65.4 25.8 33.6 59.4 10.1 11.1 21.2 5.6 13.6 19.1
6 26 Malaysia 46.9 18.2 65.1 14.8 6.3 21.1 9.9 15.0 24.9 4.4 29.6 34.0
7 2 Germany 17.1 47.7 64.8 13.2 48.0 61.3 13.7 11.2 24.9 15.3 13.2 28.6
8 4 Switzerland 23.2 39.7 629 17.0 40.0 57.0 15.4 16.4 31.8 17.3 19.6 36.9
9 9 United Kingdom 28.2 34.7 62.9 17.6 28.0 45.6 12.4 14.2 26.7 10.9 16.5 27.4

10 7 Korea, Republic of 27.2 35.1 62.3 12.2 35.7 47.9 19.1 9.8 28.9 39.7 8.2 47.9
11 17 Taiwan Province

of China 35.0 26.3 61.3 15.4 20.0 35.4 29.1 5.3 34.3 50.2 9.4 59.6
12 46 Hungary 20.7 38.1 58.8 4.1 1.7 5.8 17.4 12.5 29.9 2.8 0.2 3.0
13 6 France 21.6 36.8 58.4 14.6 34.1 48.7 13.9 15.6 29.4 15.8 20.6 36.4
14 5 Sweden 24.7 33.5 58.2 13.4 38.8 52.2 12.4 19.5 31.9 14.9 27.5 42.4
15 16 Spain 9.3 43.1 52.5 6.0 31.1 37.1 16.0 17.1 33.1 22.5 26.4 48.9
16 Czech Republic 11.5 40.4 51.9 26.5 14.9 41.4
17 12 Ireland 39.3 12.0 51.2 25.8 14.1 39.9 10.4 28.7 39.1 12.5 26.7 39.2
18 11 Italy 10.1 40.8 50.9 9.5 34.3 43.8 30.8 12.4 43.3 33.3 17.1 50.3
19 22 Netherlands 24.3 25.7 50.0 10.2 20.7 30.9 12.0 21.3 33.3 10.3 33.4 43.7
20 20 Finland 24.4 25.4 49.8 5.7 26.9 32.6 9.6 35.0 44.6 16.7 43.5 60.2
21 8 Austria 12.2 36.9 49.1 9.2 37.0 46.2 24.2 14.6 38.7 28.5 18.3 46.8
22 10 Canada 11.1 36.0 47.1 7.1 36.9 44.1 8.9 20.0 28.9 4.7 23.4 28.0
23 14 Belgium 9.7 37.1 46.9 6.4 32.1 38.5 16.7 22.4 39.1 18.3 25.6 43.8
24 19 Israel 28.3 17.8 46.1 17.0 16.9 33.9 12.8 35.8 48.6 18.6 36.1 54.7
25 33 Thailand 28.3 16.6 44.9 2.4 11.4 13.8 20.6 15.7 36.3 18.4 19.6 38.0
26 23 Portugal 6.2 33.5 39.7 6.5 18.7 25.2 36.9 19.5 56.5 41.4 29.3 70.7
27 18 Denmark 16.0 23.5 39.5 10.9 24.1 34.9 19.3 17.3 36.6 16.8 23.8 40.6
28 21 Hong Kong SAR 24.5 12.4 36.8 14.2 18.4 32.6 53.0 4.2 57.3 60.6 3.0 63.7
29 48 China 18.2 18.4 36.6 1.2 2.9 4.1 45.6 9.0 54.6 10.3 9.2 19.5
30 15 Poland 8.0 27.7 35.7 9.6 28.2 37.8 32.2 18.2 50.5 13.2 9.4 22.5
31 25 Brazil 6.2 28.1 34.3 3.4 20.5 23.9 11.5 30.2 41.7 14.7 30.2 44.9
32 39 Costa Rica 23.9 8.7 32.6 2.3 5.9 8.1 20.1 11.2 31.3 13.3 5.9 19.2
33 Slovenia 11.9 15.9 27.8 27.7 38.1 65.8
34 31 South Africa 4.7 21.2 25.9 4.9 11.6 16.6 12.3 29.9 42.2 9.0 29.4 38.4
35 Romania 3.0 20.6 23.6 50.9 17.4 68.3
36 29 Turkey 5.3 18.1 23.5 1.2 17.1 18.2 49.2 12.4 61.7 38.6 15.9 54.5
37 36 Argentina 2.5 20.8 23.3 1.9 8.4 10.3 8.0 24.4 32.4 7.2 26.6 33.8
38 27 Norway 5.6 15.3 21.0 3.0 17.9 20.9 4.6 12.0 16.7 3.8 14.4 18.2
39 35 Greece 4.5 13.4 17.9 1.5 9.1 10.5 29.7 26.5 56.2 31.4 31.4 62.B
40 37 India 5.2 11.4 16.6 2.8 7.0 9.8 38.1 23.6 61.7 31.4 28.1 59.6
41 Russian Federation 3.3 13.0 16.3 5.2 18.5 23.7
42 60 Indonesia 5.3 10.2 15.5 0.6 1.3 1.9 18.2 21.4 39.5 3.2 15.6 18.8
43 32 Tunisia 4.3 11.2 15.5 1.1 14.0 15.0 53.7 21.0 74.7 22.2 14.1 36.4
44 28 Zimbabwe 0.9 14.4 15.3 0.6 18.2 18.7 11.4 16.7 28.1 8.8 10.2 19.0
45 50 Guatemala 4.0 11.0 15.0 0.7 3.1 3.8 14.4 24.4 38.8 5.0 11.2 16.3
46 43 Uruguay 2.0 12.6 14.6 0.9 5.5 6.4 23.7 17.8 41.4 36.2 10.4 46.6
47 44 Australia 4.7 9.9 14.6 1.3 50 6.3 5.0 21.3 26.3 2.9 24.1 26.9
48 42 New Zealand 4.2 10.3 14.5 1.2 5.3 6.5 8.2 28.3 36.5 9.3 21.3 30.6
49 38 Morocco 0.3 122 12.4 0.4 8.5 8.9 22.4 30.0 52.3 15.9 30.6 46.5
50 49 EI Salvador 5.7 5.8 11.5 1.6 2.3 3.9 24.1 29.0 53.1 5.2 6.4 11.6
51 51 Venezuela 0.5 9.7 10.3 0.1 3.5 3.5 4.1 31.6 35.7 3.6 36.7 40.3
52 40 Pakistan 0.6 8.6 9.2 0.2 7.8 7.9 74.4 4.5 78.9 53.5 4.1 57.6
53 47 Colombia 2.5 6.5 8.9 0.8 4.8 5.6 11.9 18.3 30.2 6.9 17.7 24.6
54 69 Egypt 21 6.6 8.8 0.3 0.4 0.7 30.9 30.5 61.4 8.8 15.4 24.2
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I Table A2.17 ~~~~@]~~1J~mx!J1JffiD~i~

Rank by
share of
medium-

and
high- Complex exports Simple exports
tech in 1998 1985 1998 1985
manu- Medium Medium Low tech Low tech

factured and and and and
exports High Medium high High Medium high Low Resource resource Low Resource resource
19981985 Economy tech tech tech tech tech tech tech based based tech based based
55 54 Kenya 1.6 6.0 7.6 0.7 2.4 3.2 11.8 23.8 35.6 4.3 28.1 32.5
56 57 Chile 0.7 5.6 6.3 0.1 2.2 2.4 3.7 34.3 37.9 0.7 29.7 30.4
57 67 Honduras 0.5 5.5 6.0 0.2 0.9 1.0 7.6 16.9 24.5 4.9 18.7 23.5
58 30 Oman 1.6 4.3 5.8 1.8 16.0 17.7 2.6 5.7 8.3 3.1 4.9 8.0
59 41 Bahrain 0.4 5.3 5.7 4.0 3.3 7.3 4.2 4.1 8.2 1.2 0.9 2.1
60 63 Saudi Arabia 5.2 5.2 1.6 1.6 1.5 18.0 19.5 0.4 13.7 14.1
61 61 Jordan 2.6 2.4 5.0 0.5 1.3 1.8 17.6 25.2 42.8 14.8 12.3 27.0
62 80 Bolivia 1.9 3.1 5.0 9.5 34.0 43.5 0.5 19.4 19.8
63 55 Peru 0.8 3.9 4.6 0.2 2.9 3.1 13.1 220 35.1 8.7 41.5 50.1
64 73 Ecuador 0.8 3.4 4.2 0.1 0.2 0.3 3.5 14.8 18.3 0.2 12.1 12.3
65 Albania 1.8 2.4 4.2 61.0 19.7 80.7
66 56 Panama 2.4 1.7 4.0 1.6 1.1 2.7 10.8 16.6 27.4 10.5 15.0 25.5
67 64 Sri Lanka 1.5 2.5 4.0 0.2 1.2 1.4 59.0 13.2 72.2 25.8 19.5 45.3
68 68 Nicaragua 0.8 3.1 3.9 0.2 0.5 0.7 2.8 19.2 22.0 0.5 6.3 6.8
69 65 Mozambique 1.1 2.3 3.4 0.3 0.8 1.1 2.7 19.1 21.8 17.1 22.9 40.0
70 62 Bangladesh 0.3 2.6 2.9 0.2 1.6 1.8 87.4 2.5 89.9 63.2 16.5 79.7
71 79 Paraguay 0.5 1.7 2.2 8.9 17.3 26.2 1.7 11.5 13.2
72 75 Nepal 0.1 1.7 1.9 0.0 0.2 0.2 74.1 2.3 76.4 53.9 11.7 65.6
73 77 Cameroon 0.1 1.7 1.8 0.1 0.1 0.2 2.6 20.3 23.0 0.5 10.2 10.7
74 66 Zambia 0.1 1.7 1.8 0.1 0.9 1.1 3.7 6.2 9.9 0.2 11.3 11.5
75 53 Jamaica 0.1 1.4 1.5 0.7 2.5 3.2 17.7 70.1 87.8 9.5 77.9 87.3
76 58 United Republic of

Tanzania 1.1 0.4 1.5 0.6 1.6 2.3 3.2 11.9 15.1 3.9 10.7 14.6
77 78 Nigeria 1.4 1.5 0.1 1.0 0.1 1.1 0.1 1.3 1.4
78 52 Mauritius 0.2 1.2 1.4 0.1 3.3 3.4 64.8 28.0 92.8 40.0 46.2 86.2
79 45 Senegal 0.2 1.2 1.4 0.9 5.0 5.9 7.6 63.2 70.8 4.7 35.2 39.9
80 72 Malawi 0.9 1.0 0.5 0.5 5.8 7.3 13.1 3.8 13.3 17.1
81 59 Madagascar 0.3 0.6 0.9 1.2 0.8 2.0 21.1 18.7 39.9 6.4 9.7 16.1
82 74 Central African

Republic 0.2 0.6 0.8 0.3 0.3 0.1 44.3 44.4 0.2 43.6 43.8
83 76 Uganda 0.1 0.7 0.8 0.2 0.2 1.8 0.6 2.4 0.1 0.2 0.4
84 71 Algeria 0.7 0.8 0.5 0.5 0.2 17.7 18.0 0.1 39.3 39.3
85 70 Ghana 0.1 0.1 0.2 0.5 0.6 0.5 22.1 22.5 0.2 21.7 21.8
86 Yemen 0.1 0.1 0.5 1.1 1.6
87 Ethiopia 0.1 10.8 3.6 14.4

Source: UNIDO Scoreboard database (see technical annex).
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I Table A2.18 ~ ~~lIftxfuI:l0J~

Rank Harbison-Myers Index Rank Harbison-Myers Index
1998 1985 Economy 1998 1985 1998 1985 Economy 1998 1985
1 2 Canada 62.05 3950 45 48 Thailand 15.55 10.75
2 18 Australia 50.55 24.20 46 43 Colombia 15.30 12.55
3 1 United States 50.25 39.60 47 26 Ecuador 15.00 20.25
4 4 Finland 45.05 29.40 48 44 Bolivia 14.80 12.00
5 7 New Zealand 40.80 26.70 49 50 Turkey 14.70 9.80
6 9 Belgium 38.95 26.25 50 47 Saudi Arabia 13.45 11.10
7 12 Norway 38.85 25.85 51 40 Mexico 12.95 13.15
8 8 Netherlands 38.35 26.60 52 61 Tunisia 12.55 6.85
9 28 United Kingdom 37.55 19.70 53 45 EI Salvador 12.05 11.75

10 6 Korea, Republic of 36.10 26.80 54 49 Algeria 11.65 10.20
11 16 France 35.90 24.65 55 51 Malaysia 11.10 9.20
12 10 Spain 34.85 26.25 56 57 Indonesia 10.35 8.30
13 15 Sweden 34.45 24.70 57 52 Brazil 10.15 9.10
14 11 Denmark 34.30 2595 58 53 Sri Lanka 10.05 9.10
15 19 Austria 32.80 2400 59 67 China 9.75 5.15
16 14 Germany 31.65 24.95 60 55 Jamaica 9.60 8.50
17 Russian Federation 30.75 61 54 Morocco 9.55 8.60
18 17 Japan 30.05 24.35 62 56 Nicaragua 9.40 8.50
19 22 Ireland 29.90 22.30 63 64 Mauritius 9.35 5.75
20 25 Italy 29.10 20.45 64 59 Paraguay 8.95 7.30
21 20 Greece 28.55 22.95 65 65 Oman 8.95 5.45
22 13 Israel 28.35 25.40 66 Albania 8.30
23 21 Taiwan Province of China 27.80 22.48 67 58 Honduras 8.20 7.60
24 41 Portugal 27.20 12.90 68 62 Zimbabwe 8.15 6.70
25 5 Argentina 26.75 27.80 69 60 India 8.10 7.10
26 Slovenia 25.05 70 63 Guatemala 6.55 6.40
27 24 Switzerland 25.00 20.95 71 66 Nepal 6.40 5.40
28 32 Poland 23.30 1690 72 73 Nigeria 5.05 3.85
29 37 Singapore 23.05 14.80 73 74 Yemen 4.45 385
30 30 Peru 22.55 18.40 74 68 Ghana 4.40 4.75
31 3 Uruguay 21.85 30.40 75 70 Cameroon 4.35 4.05
32 23 Philippines 21.60 21.25 76 72 Bangladesh 4.30 3.95
33 36 Chile 21.00 15.90 77 69 Pakistan 4.10 4.40
34 34 Costa Rica 20.95 16.50 78 77 Zambia 3.35 285
35 27 Panama 20.20 20.10 79 76 Senegal 3.30 2.95
36 Bahrain 20 80 75 Kenya 3.20 3.05
37 35 Czech Republic 20.00 16.30 81 71 Madagascar 3.10 4.00
38 31 Jordan 18.55 18.00 82 80 Uganda 1.95 175
39 39 Hong Kong SAR 18.45 1400 83 79 Central African Republic 1.70 1.80
40 29 Venezuela 17.75 18.65 84 78 Ethiopia 1.45 1.95
41 38 Hungary 17.65 14.60 85 81 Malawi 1.00 0.70
42 46 South Africa 17.05 11.50 86 82 Mozambique 0.90 0.60
43 42 Romania 16.95 12.80 87 83 United Republic of Tanzania 0.75 0.55
44 33 Egypt 16.45 16.80

Source: UNIDO Scoreboard database (see technical annex).

Note: The Harbison-Myers Index is the average of the percentage of the relevant age groups enroled in secondary and tertiary education, with tertiary enrolments given a weight of

five.
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Rank by Rank by
tertiary tertiary
technical technical
enrolment Share of Number enrolment Share of Number
as share of population (thousands as share of population (thousands
population (percent) of people) population (percent) of people)

I
1998 1985 Economy 1998" 1985 1998" 1985 1998 1985 Economy 1998" 1985 1998" 1985

I 1 1 Korea, Republic of 1.65 0.78 742.5 320.7 45 45 Turkey 0.33 0.22 198.3 114.1
I 2 2 Finland 1.33 1.00 68.0 49.2 46 42 Uruguay 0.29 0.25 9.3 7.6

3 Russian Federation 1.18 1,749.2 47 6 Ecuador 0.29 0.66 32.7 63.2
,

4 21 Australia 1.17 0.50 212.0 81.5 48 38 EI Salvador 0.26 0.28 15.0 13.8
5 10 Taiwan Province 49 41 Morocco 0.25 0.25 66.7 56.8

of China 1.06 0.59 226.8 115.7
6 16 Spain 0.97 0.54 379.7 209.7 50 46 Tunisia 0.24 0.19 21.4 13.8
7 12 Ireland 0.91 0.58 32.6 20.7 51 63 Indonesia 0.23 0.08 439.1 137.3
8 23 Austria 0.78 0.50 63.0 37.5 52 53 Nicaragua 0.22 0.14 9.7 4.9
9 11 Germany 0.77 0.58 631.1 454.1 53 47 Honduras 0.20 0.19 11.3 8.7

10 17 United Kingdom 0.75 0.54 439.1 305.7 54 49 Thailand 0.19 0.16 110.5 81.8
11 40 Portugal 0.73 0.26 72.6 26.2 55 48 Brazil 0.18 0.16 289.3 225.9
12 8 Sweden 0.73 0.60 64.5 50.8 56 44 South Africa 0.17 0.22 68.1 68.9
13 18 Chile 0.73 0.52 103.1 65.2 57 56 Guatemala 0.17 0.12 17.0 9.3
14 26 Greece 0.72 0.48 75.0 48.3 58 57 Hungary 0.16 0.11 16.7 11.6
15 9 Canada 0.69 0.60 203.2 158.3 59 62 Malaysia 0.13 0.08 26.7 13.8
16 3 United States 0.68 0.75 1,792.9 1,822.6 60 54 Saudi Arabia 0.12 0.13 23.4 18.5
17 13 New Zealand 0.68 0.57 24.8 18.8 61 52 Egypt 0.12 0.15 69.6 75.0
18 30 Israel 0.68 0.45 37.4 19.8 62 51 India 0.12 0.15 1,086.3 1,233.8
19 20 Norway 0.67 0.51 29.3 21.2 63 50 Paraguay 0.11 0.16 5.5 6.1
20 32 Japan 0.64 0.41 808.2 501.6 64 60 Jamaica 0.11 0.09 2.9 2.1
21 33 Italy 0.64 0.40 364.0 224.9 65 na Albania 0.11 0.20 3.6 6.1
22 15 France 0.61 0.56 355.1 311.1 66 64 China 0.10 0.08 1,221.0 821.5

40 35 Jordan 0.42
41 55 Algeria 0.41

42 43 Poland 0.39
43 37 Costa Rica 0.34
44 36 Bolivia 0.34

0.01 0.01 0.4 0.2
0.01 0.01 2.1 1.9

0.01 0.01 3.6 0.9
om 0.01 6.5 5.9
0.01 0.01 0.8 0.5

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

19 Denmark 0.60
7 Panama 0.59

39 Netherlands 0.56
28 Philippines 0.55

Bahrain 0.52
34 Colombia 0.51
25 Switzerland 0.51
31 Romania 0.49
24 Hong Kong SAR 0.49

Slovenia 0.49
4 Singapore 0.47
5 Argentina 0.47

Czech Republic 0.46
29 Peru 0.46
14 Venezuela 0.45
27 Mexico 0.44
22 Belgium 0.43

0.52
0.60
0.26
0.47

0.36
0.49
0.42
0.49

0.71
0.68

0.47
0.56
0.48
0.50

0.35
0.13

0.23
0.31
0.35

31.4
15.6
86.6

387.3
3.0

197.1
36.0

111.2
30.2

9.7
14.1

162.3
47.9

108.2
97.9

400.1
43.6

17.5
115.1

151.9
11.5
25.4

26.6
13.6
38.7

271.5

115.8
31.8
95.8
27.5

18.1
210.9

94.9
102.0
375.7

49.4

10.0
29.8

85.9
8.5

21.6

67 78
68 61
69 58
70 66
71 76
72 59
73 70
74 67
75 69
76 68
77 65
78 73
79
80 71
81 80
82 72
83 81

84 74
85 77

86 75
87 79

Zimbabwe
Sri Lanka
Bangladesh
Nepal
Cameroon
Madagascar
Nigeria
Senegal
Pakistan
Mauritius
Oman
Zambia
Yemen
Kenya
Mozambique
Uganda
Central African
Republic
Ghana
United Republic
of Tanzania
Ethiopia
Malawi

0.09
0.08
0.08
0.08
0.06
0.06
0.06
0.05
0.05
0.04
0.04
0.03
0.02
0.02
0.01
0.01

0.01
0.08
0.09
0.06
0.01
0.09
0.03
0.05
0.03
0.04
0.07
0.02
0.01
0.03
0.01
0.02

9.5
15.4
90.0
16.0
8.4
8.2

63.3
4.4

63.4
0.5
0.9
2.7
3.2
4.6
2.1
2.5

0.9
13.8
97.9
10.5
10.0

9.9
23.5

3.6
28.5

0.4
1.0
1.1
1.3
5.5
0.8
2.7

Source_. UNIDO Scoreboard database (see technical annex).

Note: Ranking is based on tertiary technical enrolment as a percentage of the population. Technical subjects include pure science, mathematics and computing and engineering.

a 1998 or latest year available.
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Table A2.20 ~~~~~GIffi)~1J~GIffi)1JruIl

Rank by
per capita Per capita Total value Share of GNP

R&D (dollars) (billions of dollars) (percent)
19981985 Economy 1998" 1985 1998" 1985 1998" 1985
1 2 Switzerland 859.9 203.3 6.05 1.32 1.85 1.29
2 3 Japan 858.4 192.3 107.68 23.22 2.08 1.72
3 5 Sweden 653.9 113.0 5.78 0.94 2.61 0.96
4 4 United States 465.9 153.7 122.44 36.57 1.74 0.90
5 1 Germany 418.1 255.5 34.13 19.85 1.42 1.56
6 12 Finland 413.4 53.8 211 0.26 1.75 0.50
7 6 Denmark 328.4 80.0 1.72 0.41 1.02 0.74
8 10 France 297.6 63.3 17.30 3.49 1.13 0.67
9 7 Norway 275.5 79.0 1.20 033 0.83 0.53

10 15 Belgium 272.7 36.8 2.76 036 1.02 0.46
11 8 Netherlands 258.8 783 4.00 1.13 1.01 0.89
12 11 Austria 214.4 58.8 1.72 0.44 0.75 0.67
13 23 Korea, Republic of 211.2 10.8 9.50 0.44 2.10 0.48
14 19 Singapore 198.4 14.5 0.59 0.04 0.69 0.20
15 14 United Kingdom 174.5 52.5 10.22 2.98 0.93 0.65
16 21 Ireland 152.8 14.1 0.55 0.05 0.99 0.28
17 22 Australia 148.0 12.0 2.67 0.19 0.79 0.12
18 9 Canada 143.7 66.9 4.22 1.73 0.78 0.51
19 13 Israel 134.0 52.9 0.74 0.22 0.82 0.90
20 16 Taiwan Province of China 122.5 33.3 2.61 0.62 0.99 0.60
21 18 Italy 90.1 18.7 5.16 1.06 0.48 0.25
22 Slovenia 73.3 0.15 0.77
23 24 Spain 55.2 8.8 2.16 0.34 039 0.21
24 17 New Zealand 50.7 25.8 0.19 0.08 033 0.40
25 Czech Republic 32.3 0.33 0.71
26 33 Portugal 14.1 1.1 0.14 0.01 0.14 0.05
27 34 Brazil 13.7 1.1 2.19 0.15 032 0.07
28 27 Greece 13.5 4.1 0.14 0.04 0.12 0.10
29 25 South Africa 12.8 5.9 0.50 0.18 0.38 0.35
30 20 Hungary 11.3 14.1 0.12 0.15 0.27 0.75
31 46 Argentina 8.5 0.29 0.11
32 26 Poland 83 4.6 032 0.17 0.27 0.25
33 46 Russian Federation 7.5 1.11 0.32
34 38 Malaysia 6.7 0.2 0.14 0.01 0.17 0.01
35 46 Costa Rica 5.5 0.02 0.20
36 31 Chile 5.3 1.5 0.D7 0.02 0.12 013
37 32 Turkey 4.8 1.3 0.29 0.D7 0.17 0.10
38 29 Romania 2.5 3.1 0.06 0.07 0.16 0.17
39 46 Venezuela 2.3 0.05 0.07
40 46 Hong Kong SAR 1.8 0.01 0.ü1
41 28 Mexico 1.5 3.3 0.14 0.25 0.05 0.14
42 46 Panama 1.4 0.05
43 46 Uruguay 1.1 0.02
44 46 China 0.9 1.10 0.16
45 41 Indonesia 0.8 0.1 0.15 0.01 0.08 0.ü1
46 36 India 0.4 0.4 0.40 030 0.12 0.14
47 Mauritius 03 0.01 0.01
48 39 Thailand 03 0.1 0.02 0.01 0.01 0.02
49 Egypt 0.2 0.01 0.02
50 Colombia. 0.2 0.01 0.01
51 30 Jordan 0.2 1.9 0.01 0.10
52 Guatemala 0.1 0.01 0.01
53 Algeria 0.1 0.01 0.01
54 Saudi Arabia . 0.1 0.01
55 Peru 0.1 0.01 0.01
56 Morocco 0.1 0.01 0.01
57 40 Philippines 0.1 0.1 0.01 0.01 0.01
58 Honduras 0.1 0.01 0.01
59 Nicaragua 0.1 0.01 0.01
60 Sri Lanka 0.1 0.01
61 Yemen
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Rank by
per capita

R&D
19981985
61 37
61 44
61 43
61 42
61 45
61 35
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61

Economy
Tunisia
Malawi
Madagascar
Kenya
Jamaica
Ecuador
Albania
Bahrain
Bangladesh
Bolivia
Cameroon
Central African Republic
EI Salvador
Ethiopia
Ghana
Mozambique
Nepal
Nigeria
Oman
Pakistan
Paraguay
Senegal
United Republic of Tanzania
Uganda
Zambia
Zimbabwe

Per capita
(dollars)

1998° 1985
0,2

0,5

Total value
(billions of dollars)

1998° 1985

Share of GNP
(percent)

1998° 1985

0,03

Source: UNIDO Scoreboard database (see technical annex),
Note: All economies with negligible values are given the same rank.
a Data for 1998 or latest available year,
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Table A2.21 ~~~~~~'\J~'\J~Iill\X!J'\J~'\J~

Rank by
per

capita
foreign Share of gross
direct Per capita Total value domestic investment Share of GOP

investment (dollars) (billions of dollars) (percent) (percent)
inflows 1993- 1981- 1993- 1981- 1993- 1981- 1993- 1981-
19981985 Economy 1997 1985 1997 1985 1997 1985 1997 1985
1 1 Singapore 2,536.0 563.4 8.20 1.53 26.54 17.91 9.57 8.36
2 5 Belgium 1,116.2 120.7 10.58 1.84 24.16 7.60 3.91
3 18 Sweden 922.5 34.7 8.10 0.28 25.25 1.60 3.66 0.29
4 2 New Zealand 735.0 203.9 2.69 0.62 22.31 10.95 4.79 2.92
5 8 Hong Kong SAR 727.7 103.3 2.75 1.34 10.24 6.90 1.96
6 7 Netherlands 711.6 105.9 11.92 1.45 15.50 5.91 3.01 1.13
7 16 Norway 589.3 40.9 2.62 0.17 7.73 1.00 1.81 0.28
8 34 Denmark 551.8 15.2 2.99 0.07 9.60 0.69 1.78 0.13
9 3 Switzerland 529.8 140.0 4.47 0.56 6.60 2.24 1.37 0.55

10 13 Ireland 484.2 51.5 1.47 0.16 15.11 3.91 2.64 0.93
11 4 Australia 376.9 132.4 6.35 1.87 8.82 4.75 1.88 1.15
12 10 United Kingdom 367.6 76.6 20.91 4.13 12.07 5.60 1.90 0.90
13 17 France 362.1 39.4 22.89 2.10 8.59 201 1.49 0.40
14 21 Austria 304.6 27.5 2.65 0.20 4.80 1.30 1.15 0.31
15 12 Canada 292.8 69.2 8.06 1.78 8.08 2.56 1.49 0.53
16 9 United States 271.3 79.5 70.00 21.83 5.67 2.66 0.99 0.54
17 28 Finland 260.2 17.8 1.46 0.09 7.57 0.68 1.21 0.17
18 Hungary 236.1 2.39 23.57 5.58
19 11 Malaysia 229.5 73.6 4.63 1.10 14.10 10.91 5.73 3.81
20 24 Chile 229.4 19.3 3.38 0.13 20.23 6.74 5.26 0.92
21 23 Israel 191.1 19.8 1.11 0.08 5.08 1.53 1.22 0.33
22 35 Panama 189.0 14.1 0.46 0.03 20.74 3.46 6.13 0.59
23 15 Spain 182.3 46.5 7.65 1.71 6.77 5.07 1.38 1.04
24 30 Argentina 149.1 16.6 5.39 0.48 10.34 2.88 1.94 0.58
25 26 Portugal 149.0 18.8 1.53 0.17 6.32 2.91 1.54 0.76
26 Czech Republic 132.1 1.30 8.58 2.77
27 22 Costa Rica 110.4 22.8 0.37 0.07 15.94 7.04 4.18 1.80
28 31 Mexico 102.4 16.5 6.81 0.90 11.04 2.19 2.49 0.51
29 14 Greece 96.7 47.3 1.08 0.44 4.81 4.39 0.93 1.08
30 Slovenia 92.9 0.21 4.88 1.09
31 61 Peru 91.1 1.4 2.20 0.02 16.91 0.14 3.85 0.09
32 40 Venezuela 88.4 7.7 1.89 0.10 15.05 0.75 2.53 0.16
33 67 Poland 86.3 0.5 3.13 0.02 13.27 0.11 2.65 0.03
34 37 Germany 77.1 9.7 6.81 1.52 1.32 0.60 0.28
35 36 Taiwan Province of China 74.5 10.0 1.74 0.45 2.78 1.50 0.66
36 25 Italy 63.0 18.8 3.55 1.09 1.90 1.11 0.33 0.26
37 27 Colombia 62.2 18.6 1.98 0.44 11.29 6.19 2.54 1.33
38 79 Jamaica 58.7 -3.9 0.14 -0.01 10.59 -1.37 3.63 -0.29
39 33 Brazil 49.6 15.4 7.28 1.74 5.06 4.33 1.08 0.83
40 45 Bolivia 49.5 4.7 0.30 0.02 30.89 5.59 5.22 0.90
41 41 Ecuador 46.3 6.1 0.51 0.06 15.75 1.92 3.04 0.38
42 48 Uruguay 42.0 3.3 0.14 6.10 0.41 0.81 0.09
43 19 Tunisia 41.2 30.6 0.38 0.20 8.39 7.72 2.22 2.50
44 44 Paraguay 40.6 4.8 0.20 0.01 9.93 1.08 2.27 0.29
45 42 Thailand 38.0 5.6 2.45 0.28 4.07 2.49 1.48 0.72
46 6 Oman 37.3 111.2 0.07 0.15 3.43 6.40 0.63 1.72
47 51 South Africa 37.1 2.8 1.33 0.01 6.28 0.10 1.01
48 49 Korea, Republic of 36.8 2.9 1.61 0.13 0.99 0.47 0.36 0.14
49 65 China 30.1 0.8 37.81 0.93 13.54 0.87 5.51 0.31
50 47 Mauritius 25.7 3.4 0.03 2.65 1.46 0.74 0.32
51 Romania 20.6 0.51 6.21 1.44
52 62 Philippines 20.1 1.2 1.54 0.05 8.46 0.67 2.01 0.18
53 59 Indonesia 19.8 1.5 3.66 0.22 6.16 1.00 1.90 0.27
54 Albania 19.7 0.08 20.24 3.15
55 54 Morocco 19.4 2.4 0.51 0.04 7.72 1.34 1.63 0.35
56 Nicaragua 18.8 0.07 16.79 4.50
57 20 Jordan 16.1 28.3 0.07 0.07 3.84 3.99 1.01 1.42
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[ Table A2.21 ~~~~~~'iJ~~'iJ~IiliX!J'iJ~'iJWZJa~)
-------------

Rank by
per

capita
foreign Share of gross
direct Per capita Total value domestic investment Share of GDP

investment (dollars) (billions of dollars) (percent) (percent)
inflows 1993- 1981- 1993- 1981- 1993- 1981- 1993- 1981-

19981985 Economy 1997 1985 1997 1985 1997 1985 1997 1985
58 Russian Federation 15.4 1.98 2.52 0.56
59 39 Saudi Arabia 13.8 7.8 0.42 1.63 1.00 0.20 0.33
60 43 Nigeria 13.5 5.2 1.23 0.28 30.72 8.23 5.36 1.03
61 32 Egypt 13.3 15.5 0.78 0.75 7.83 8.43 1.32 2.38
62 58 Turkey 12.0 1.7 0.74 0.09 1.76 0.75 0.43 0.13
63 46 Honduras 11.2 3.9 0.06 0.02 4.92 3.12 1.57 0.48
64 53 Sri Lanka 10.6 2.7 0.19 0.05 5.91 2.99 1.49 0.83
65 38 Guatemala 9.0 9.6 0.09 0.07 4.20 5.68 0.64 0.78
66 66 Ghana 7.9 0.7 0.13 0.01 9.73 4.79 2.19 0.20
67 57 Yemen 7.3 1.9 0.14 0.01 12.03 1.90 2.11
68 52 Japan 7.1 2.8 1.07 0.37 0.07 0.10 0.02 0.03
69 50 Zambia 6.7 2.9 0.06 0.01 12.18 5.27 1.75 0.75
70 60 Senegal 6.6 1.5 0.06 0.01 7.58 2.53 1.34 0.34
71 77 Uganda 5.8 0.12 13.80 2.16
72 64 Pakistan 5.1 0.9 0.65 0.09 5.66 1.38 1.06 0.26
73 73 Zimbabwe 4.2 0.04 3.06 0.01 0.61
74 68 United Republic of Tanzania 3.3 0.4 0.09 9.20 0.30 1.77
75 72 Mozambique 3.1 0.02 10.24 0.23 1.88 0.01
76 56 EI Salvador 2.1 2.0 0.01 0.01 0.71 222 0.14 0.25
77 71 India 2.1 0.1 1.64 0.06 2.16 0.12 0.51 0.03
78 80 Bahrain 1.7 -36.8 0.01 -0.08 0.76 -6.90 0.14
79 29 Cameroon 1.2 16.7 0.01 0.16 1.13 8.05 0.18 2.06
80 69 Madagascar 0.8 0.3 0.01 2.81 0.98 0.32 0.08
81 75 Nepal 0.6 0.01 1.18 0.03 0.28 0.01
82 63 Kenya 0.5 0.9 0.01 0.02 0.92 1.30 0.15 0.25
83 55 Central African Republic 0.4 2.2 0.01 3.02 8.50 0.20 0.78
84 78 Algeria 0.4 -0.4 0.01 -0.01 0.07 -0.05 0.02 -0.02
85 76 Bangladesh 0.3 0.03 044 0.09
86 70 Malawi 0.1 0.1 0.34 0.33 0.06 0.07
87 74 Ethiopia 0.1 0.01 0.58 0.08 0.09 0.01

Source: UNIDO Scoreboard database (see techmcal annex).

Note: Annual averages calculated for available figures within the periods 1981-1985 and 1993-1997.
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I Table A2.22 ~~~m:GJ~~~'iJ~m:GJ'iJ~

Rank by
payments Per capita Total value Share of GNP
per capita (dollars) (millions of dollars) (percent)
19981985 Economy 1998 1985 1998 1985 1998 1985
1 11 Ireland 1,683.1 21.3 6,235.8 75.6 8.998 0.432
2 1 Singapore 559.2 191.1 1,769.0 474.5 1852 2.589
3 3 Netherlands 188.8 50.6 2,964.5 733.7 0.762 0.573
4 2 Hong Kong SAR 184.7 101.2 1,235.0 552.4 0.781 1.584
5 4 Switzerland 151.7 49.8 1,078.2 322.2 0.380 0.316
6 33 Malaysia 107.8 2.6 2,392.0 41.2 2.942 0.142
7 5 Belgium 107.7 42.5 1,099.2 419.3 0.424 0.529
8 7 Sweden 106.0 34.2 938.5 285.5 0.414 0.290
9 17 United Kingdom 103.7 14.2 6,122.7 8073 0.484 0.176

10 16 Austria 100.4 15.2 810.9 114.8 0.374 0.174
11 10 Finland 79.8 23.7 411.4 116.1 0.329 0.221
12 13 Norway 76.9 18.5 341.0 77.0 0.224 0.124
13 12 Japan 70.8 18.8 8,947.3 2,270 0.219 0.168
14 6 New Zealand 70.4 36.6 266.9 119.7 0.482 0.567
15 8 Canada 68.4 31.3 2,073.2 812.1 0.357 0.241
16 19 Taiwan Province of China 65.0 9.3 1,419.0 172.0 0.527 0.168
17 15 Germany 59.6 15.7 4,893.4 1,216 0.224 0.096
18 9 Australia 53.8 24.9 1,009.7 392.6 0.261 0.241
19 20 Korea, Republic of 51.0 7.9 2,369.3 322.8 0.594 0.354
20 21 Spain 47.4 6.0 1,866.3 229.2 0.336 0.140
21 14 France 46.2 17.8 2,716.7 981.9 0.185 0.189
22 25 United States 41.8 4.9 11,292 1,170 0.143 0.029
23 22 Israel 35.2 5.9 209.6 24.9 0.217 0.100
24 30 Portugal 29.1 3.3 290.0 33.2 0.273 0.150
25 Hungary 21.2 214.6 0.470
26 23 Italy 20.1 5.9 1,154.9 331.8 0.100 0.079
27 Slovenia 19.5 38.6 0.199
28 37 Thailand 13.1 0.9 804.0 45.5 0.610 0.119
29 18 Argentina 11.7 13.9 422.0 420.0 0.145 0.502
30 39 Jamaica 11.6 0.8 30.0 1.9 0.667 0.104
31 Czech Republic 10.9 112.6 0.213
32 31 Denmark 8.5 3.3 45.3 16.8 0.026 0.030
33 47 Brazil 6.5 0.2 1,075.0 30.0 0.140 0.014
34 27 Egypt 6.4 4.1 392.0 189.4 0.495 0.603
35 24 Panama 6.4 5.2 17.6 11.2 0.212 0.215
36 43 Morocco 6.2 0.5 171.5 11.6 0.498 0.096
37 29 Costa Rica 6.1 3.6 21.5 9.6 0.219 0.264
38 26 Ecuador 5.6 4.6 68.0 42.0 0.370 0.284
39 40 Greece 5.5 0.8 58.0 8.0 0.047 0.020
40 36 Mexico 5.2 1.9 5010 142.0 0.136 0.081
41 38 Poland 5.0 0.9 195.0 32.4 0.129 0.047
42 34 Indonesia 4.9 2.4 1,002.0 385.0 0.767 0.465
43 28 South Africa 4.0 3.8 165.4 120.3 0.121 0.229
44 35 Chile 3.8 1.9 56.0 23.0 0.076 0.160
45 49 Peru 3.2 0.2 80.0 4.0 0.132 0.023
46 45 Philippines 21 0.3 158.0 17.0 0.200 0.057
47 50 Turkey 1.9 0.2 124.0 9.7 0.062 0.014
48 32 Uruguay 1.8 3.0 6.0 8.9 0.030 0.204
49 53 Kenya 1.3 0.1 39.9 1.8 0.391 0.031
50 48 Colombia 1.3 0.2 54.0 7.0 0.054 0.021
51 46 EI Salvador 1.1 0.3 6.9 1.4 0.061 0.038
52 55 Romania 0.9 0.16 21.0 1.4 0.069 0.003
53 42 Honduras 0.8 0.5 5.1 2.3 0.111 0.065
54 61 Madagascar 0.6 9.8 0.1 0.264 0.005
55 44 Bolivia 0.6 0.4 5.2 2.5 0.065 0.092
56 41 Zimbabwe 0.5 0.6 6.0 4.8 0.084 0.110
57 64 China 0.3 420.0 11.0 0.045 0.004
58 51 Tunisia 0.2 0.2 2.6 1.2 0.014 0.015
59 57 Senegal 0.2 2.2 0.2 0.047 0.009
60 58 India 0.2 200.8 25.1 0.047 0.012
61 54 Pakistan 0.1 0.1 19.7 6.7 0.032 0.020
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0.001
0.021
0.007

Rank by
payments
per capita
19981985
62
63 62
64 52
65 63
65
65
65 56
65
65
65
65 60
65
65
65
65
65
65
65
65 59
65
65
65
65
65
65
65

Economy
United Repubnc of Tanzania
Paraguay
Cameroon
Bangladesh
Russian Federation
Albania
Algeria
Bahrain
Central African Republic
Ethiopia
Ghana
Guatemala
Jordan
Malawi
Mauritius
Mozambique
Nepal
Nicaragua
Nigeria
Oman
Saudi Arabia
Sri Lanka
Uganda
Venezuela
Yemen
Zambia

Per capita
(dollars)

1998 1985
0.1
0.1
0.1 0.2

0.03

Total value
(millions of dollars)

1998 1985
4.7
0.5
1.0 1.6
5.1 1.2
2.0

1.2

0.2

2.2

Share of GNP
(percent)

1998 1985
0.065
0.006
0.012
0.012
0.001

0.142

0.004

0.002

Source: UNIDO Scoreboard database (see technical annex).
Note: Some values are interpolated (see technical annex). All economies with negligible data are given the same rank.
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Rank by Rank by
lines Total lines Total

per 1,000 Per 1,000 number per 1,000 Per 1,000 number
people people (thousands) people people (thousands)

1998 1985 Economy 1998 1985 1998 1985 1998 1985 Economy 1998 1985 1998 1985
1 2 Switzerland 675.4 501.6 4,799.3 3,245.4 45 44 Brazil 120.5 53.3 19,989 7,211.2
2 1 Sweden 673.7 627.8 5,963.3 5,242.5 46 37 Venezuela 116.7 70.8 2,712 1,213.5
3 4 United States 661.3 486.4 178,751 115,721 47 39 South Africa 114.6 68.4 4,743 2,141.2
4 7 Norway 660.1 423.2 2,925.7 1,757.7 48 45 Mexico 103.6 49.5 9,928.7 3,739.1
5 3 Denmark 659.7 497.3 3,497.0 2,543.3 49 50 Oman 92.3 29.6 212.6 41.3
6 5 Canada 633.9 481.1 19,206 12,481 50 43 Jordan 85.5 55.9 390.2 147.9
7 10 Netherlands 593.1 401.8 9,310.6 5,823.5 51 62 Thailand 83.5 12.3 5,112.8 630.8
8 8 France 569.7 416.6 33,524 22,983 52 52 Tunisia 80.6 26.4 752.2 191.6
9 9 Germany 566.8 416.1 46,505 32,330 53 57 EI Salvador 80.0 19.1 484.7 91.1

10 16 Singapore 562.0 324.3 1,777.9 805.3 54 51 Ecuador 78.3 29.5 953.0 268.5
11 17 Hong Kong SAR 557.7 323.4 3,729.2 1.764.4 55 77 China 69.6 3.0 86,230 3,120.0
12 14 United Kingdom 556.9 374.0 32,889 21,200 56 53 Bolivia 68.8 26.2 547.1 154.4
13 6 Finland 553.9 446.6 2,854.5 2,189.0 57 55 Peru 66.7 21.2 1,654.8 412.3
14 18 Greece 522.2 313.8 5,491.1 3,116.8 58 58 Egypt 60.2 18.5 3,696.1 860.4
15 12 Australia 512.1 391.9 9,601.4 6,175.1 59 56 Paraguay 55.3 20.9 288.4 75.4
16 13 Japan 502.7 375.2 63,540 45,300 60 64 Morocco 54.4 11.0 1,509.9 238.6
17 19 Belgium 500.3 307.6 5,104.6 3,032.4 61 54 Algeria 53.2 24.5 1,591.5 536.9
18 15 Austria 491.0 361.1 3,966.1 2,728.3 62 59 Guatemala 40.8 16.1 441.1 124.6
19 11 New Zealand 479.1 395.8 1,816.8 1,294.8 63 65 Honduras 38.1 11.0 234.8 45.9
20 21 Israel 471.1 278.8 2,809.1 1,180.0 64 66 Philippines 37.0 9.3 2,782.6 510.3
21 20 Italy 450.7 304.5 25,954 17,233 65 60 Nicaragua 31.3 13.4 150.3 45.7
22 24 Ireland 434.7 198.6 1,610.4 703.0 66 63 Albania 30.5 11.2 101.9 33.2
23 26 Korea, Republic of 432.7 159.7 20,088 6,517.5 67 70 Sri Lanka 28.4 5.4 532.7 86.2
24 23 Taiwan Province 68 73 Indonesia 27.0 3.7 5,499.9 598.9

of China 420.1 228.5 9,174.8 4,228.0
25 22 Spain 413.7 242.6 16,288 9,317.0 69 72 India 22.0 4.1 21,538 3,174.7
26 27 Portugal 413.5 145.3 4,121.4 1,454.4 70 71 Pakistan 19.4 4.6 2,549.8 440.2
27 28 Slovenia 374.8 145.2 742.9 286.5 71 61 Zimbabwe 17.3 12.5 201.6 103.7
28 29 Czech Republic 363.9 129.3 3,746.2 1,336.2 72 74 Senegal 15.5 3.5 140.1 22.2
29 38 Hungary 335.9 69.8 3,3968 738.8 73 67 Yemen 13.4 7.0 221.9 70.9
30 47 Turkey 254.1 44.4 16,125 2,231.1 74 69 Kenya 9.2 5.9 269.9 117.6
31 31 Uruguay 250.4 95.8 823.5 288.1 75 68 Zambia 8.8 6.4 85.5 42.7
32 25 Bahrain 245.5 167.4 157.8 71.1 76 86 Nepal 8.5 12 194.0 20.1
33 40 Poland 227.6 66.9 8,800.4 2,487.5 77 76 Ghana 7.5 3.0 138.9 37.6
34 48 Mauritius 213.7 39.0 247.8 39.6 78 75 Cameroon 5.4 3.0 77.2 29.9
35 46 Chile 205.5 44.5 3,045.8 535.8 79 78 Mozambique 4.0 2.8 67.6 37.4
36 32 Argentina 202.7 89.9 7,323.6 2,723.0 80 80 Nigeria 3.8 2.5 462.1 204.3
37 41 Malaysia 197.6 61.5 4,383.7 963.6 81 81 United Republic

of Tanzania 3.8 2.4 121.9 52.0
38 30 Russian Federation 196.6 102.6 28,879 14,758 82 79 Malawi 3.5 2.7 36.6 19.7
39 42 Colombia 173.5 57.3 7,078.7 1,812.8 83 85 Bangladesh 3.0 1.5 380.6 150.6
40 34 Costa Rica 171.8 79.5 605.9 209.9 84 83 Madagascar 2.9 2.2 42.1 22.5
41 49 Jamaica 165.7 33.2 426.8 76.7 85 84 Uganda 2.8 1.7 57.9 24.4
42 33 Romania 162.4 87.6 3,653.4 1,990.2 86 82 Ethiopia 2.8 2.3 168.6 100.7
43 35 Panama 151.3 77.6 418.3 168.1 87 87 Central African Republic 2.7 1.0 9.5 2.6
44 36 Saudi Arabia 142.6 71.6 2,957.8 886.6

Source: UNIDO Scoreboard database (see technical annex).
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I Table A2.24 ~~~~~ '\J~iill\liI'\J[0j)~r:ill(iiIJ(~::~~~D _

Commercial energy Commercial energy
Rank use per capita Rank use per capita

1998 1985 Economy 1998 1985 1998 1985 Economy 1998 1985
1 Bahrain 13,688 45 37 Jordan 1,080.7 1,067.3
2 18 Singapore 8,660.5 3,147.8 46 43 Brazil 1,051.0 605.9
3 1 United States 8,075.6 7,448.8 47 50 China 907.0 491.9
4 2 Canada 7,929.9 7,447.7 48 39 Algeria 904.3 868.2
5 4 Finland 6,435.0 5,338.2 49 48 Uruguay 882.8 504.3
6 3 Sweden 5,868.6 5,700.0 50 51 Zimbabwe 865.5 391.4
7 9 Belgium 5,610.9 4,532.7 51 49 Panama 856.2 501.2
8 5 Norway 5,500.8 4,894.3 52 63 Paraguay 824.2 173.3
9 6 Australia 5,483.8 4,690.4 53 53 Costa Rica 768.8 347.1

10 11 Saudi Arabia 4,906.3 4,217.5 54 44 Colombia 761.2 544.7
11 10 Netherlands 4,799.8 4,251.9 55 67 Nigeria 753.3 148.2
12 16 New Zealand 4,434.6 3,467.5 56 47 Tunisia 738.5 515.3
13 7 Germany 4,231.4 4,627.8 57 45 Ecuador 713.2 529.5
14 13 France 4,223.6 3,628.7 58 62 Indonesia 692.5 220.5
15 20 Japan 4,083.5 3,039.5 59 61 EI Salvador 690.8 234.2
16 .. Russian Federation 4,018.8 60 46 Egypt 655.9 527.0
17 12 Denmark 3,994.3 3,895.0 61 59 Zambia 634.0 236.6
18 8 Czech Republic 3,937.8 4,613.0 62 52 Peru 620.7 380.7
19 14 United Kingdom 3,863.4 3,581.7 63 57 Nicaragua 550.9 295.3
20 29 Korea, Republic of 3,834.5 1,913.5 64 55 Bolivia 547.7 312.5
21 15 Switzerland 3,698.9 3,544.5 65 66 Guatemala 535.6 151.6
22 19 Austria 3,439.1 3,071.9 66 68 Honduras 531.6 145.1
23 24 Ireland 3,411.9 2,519.2 67 58 Philippines 520.2 259.2
24 27 Taiwan Province of China 3,251.4 2,145.2 68 71 Kenya 494.1 100.6
25 Slovenia 3,212.6 69 65 India 479.1 169.8
26 28 Israel 3,014.2 1,938.6 70 77 Mozambique 460.9 37.7
27 32 Oman 3,003.1 1,736.6 71 78 United Republic of Tanzania 455.3 35.2
28 25 Italy 2,839.1 2,394.4 72 64 Pakistan 442.3 173.1
29 31 Spain 2,729.4 1,868.5 73 54 Mauritius 427.0 345.5
30 17 Poland 2,720.7 3,400.7 74 69 Cameroon 413.4 126.2
31 23 South Africa 2,636.3 2,579.5 75 72 Sri Lanka 385.9 88.7
32 26 Venezuela 2,525.8 2,149.8 76 73 Ghana 383.4 77.8
33 21 Hungary 2,492.5 2,809.1 77 60 Morocco 339.6 236.6
34 30 Greece 2,434.6 1,868.9 78 82 Nepal 320.8 14.5
35 38 Malaysia 2,237.2 970.7 79 Albania 317.2
36 34 Hong Kong SAR 2,171.8 1,373.0 80 70 Senegal 315.0 123.3
37 36 Portugal 2,051.3 1,140.0 81 81 Ethiopia 286.7 16.7
38 22 Romania 1,956.9 2,791.9 82 Yemen 207.9
39 35 Argentina 1,729.9 1,297.3 83 76 Bangladesh 196.8 40.3
40 42 Chile 1,573.8 611.2 84 75 Madagascar 56.2 40.5
41 41 Jamaica 1,551.7 699.7 85 74 Malawi 46.3 42.2
42 33 Mexico 1,501.1 1,487.2 86 79 Central African Republic 42.1 33.1
43 56 Thailand 1,319.5 304.5 87 80 Uganda 27.6 25.0
44 40 Turkey 1,140.2 773.1

Source: UNIDO Scoreboard database (see technical annex).
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(b)+ (c)+
Share of Share of

medium- and medium-tech
(a)+ high-tech and high-tech

Manufacturing Manufactured activities in products in
value added exports manufacturing manufactured
per capita per capita value added exports-

index index index final index
Rank Economy (a) Economy (b) Economy (c) Economy (d)

1 Switzerland 1 Singapore 0.871 Singapore 0.872 Singapore 0.883
2 Japan 0.852 Ireland 0.663 Ireland 0.775 Switzerland 0.751
3 Ireland 0.847 Switzerland 0.661 Switzerland 0.743 Ireland 0.739
4 Singapore 0.743 Belgium 0.497 Japan 0.595 Japan 0.696
5 Germany 0.705 Japan 0.471 Germany 0.576 Germany 0.632
6 Finland 0.668 Finland 0.455 Finland 0.513 United States 0.564
7 United States 0.637 Sweden 0.447 Sweden 0.510 Sweden 0.562
8 Sweden 0.637 Germany 0.443 United States 0.483 Finland 0.538
9 Austria 0.624 Austria 0.413 Belgium 0.467 Belgium 0.495

10 Denmark 0.574 Denmark 0.392 Denmark 0.428 United Kingdom 0.473
11 France 0.572 Netherlands 0.373 Austria 0.402 France 0.465
12 Belgium 0.534 France 0.355 France 0.380 Austria 0.453
13 United Kingdom 0.502 United States 0.350 United Kingdom 0.372 Denmark 0.443
14 Italy 0.490 United Kingdom 0.314 Netherlands 0.366 Netherlands 0.429
15 Netherlands 0.475 Italy 0.306 Canada 0.350 Taiwan Province

of China 0.412
16 Norway 0.457 Canada 0.292 Norway 0.315 Canada 0.407
17 Canada 0.419 Norway 0.281 Italy 0.303 Italy 0.384
18 Taiwan Province Taiwan Province Taiwan Province Korea, Republic of 0.370

of China 0.402 of China 0.275 of China 0.298
19 Portugal 0.316 Israel 0.213 Korea, Republic of 0.237 Spain 0.319
20 Spain 0.315 Slovenia 0.207 Australia 0.222 Israel 0.301
21 New Zealand 0.313 Portugal 0.194 Israel 0.212 Norway 0.301
22 Israel 0.312 Spain 0.194 Spain 0.210 Malaysia 0.278
23 Australia 0.299 New Zealand 0.182 New Zealand 0.189 Mexico 0.246
24 Slovenia 0.284 Australia 0.167 Slovenia 0.181 Czech Republic 0.243
25 Korea, Republic of 0.253 Korea, Republic of 0.166 Portugal 0.157 Philippines 0.241
26 Czech Republic 0.1'93 Hong Kong SAR 0.137 Hong Kong SAR 0.121 Portugal 0.240
27 Bahrain 0.189 Czech Republic 0.136 Czech Republic 0.110 Hungary 0.239
28 Argentina 0.177 Bahrain 0.105 Malaysia 0.103 Slovenia 0.221
29 Hong Kong SAR 0.169 Malaysia 0.101 Bahrain 0.095 Australia 0.211
30 Uruguay 0.134 Argentina 0.094 Argentina 0.090 Hong Kong SAR 0.204
31 Hungary 0.113 Hungary 0.087 Hungary 0.077 New Zealand 0.186
32 Malaysia 0.112 Uruguay 0.074 Greece 0.063 Thailand 0.172
33 Greece 0.111 Mexico 0.067 Mexico 0.058 Brazil 0.149
34 Brazil 0.109 Greece 0.067 Brazil 0.058 Poland 0.143
35 Mexico 0.102 Mauritius 0.065 Uruguay 0.056 Argentina 0.140
36 Poland 0.093 Brazil 0.058 Chile 0.048 Costa Rica 0.129
37 Chile 0.089 Poland 0.056 Mauritius 0.048 China 0.126
38 Mauritius 0.088 Chile 0.051 Turkey 0.048 Turkey 0.108
39 Turkey 0.083 Costa Rica 0.048 Thailand 0.045 South Africa 0.108
40 Russian Federation 0.079 Turkey 0.047 Poland 0.044 Greece 0.102
41 Venezuela 0.072 Saudi Arabia 0.047 Saudi Arabia 0.041 Romania 0.095
42 Saudi Arabia 0.072 Thailand 0.046 Costa Rica 0.038 Bahrain 0.089
43 Peru 0.069 Russian Federation 0.042 Venezuela 0.038 Uruguay 0.087
44 Thailand 0.069 Venezuela 0.041 South Africa 0.037 Russian Federation 0.077
45 South Africa 0.066 South Africa 0.038 Russian Federation 0.036 Tunisia 0.068
46 Costa Rica 0.066 Peru 0.036 Romania 0.030 Venezuela 0.060
47 Romania 0.055 Romania 0.033 Peru 0.027 Chile 0.056
48 EI Salvador 0.050 Tunisia 0.031 Tunisia 0.027 Guatemala 0.056
49 Tunisia 0.046 Jamaica 0.029 Jamaica 0.024 Indonesia 0.054
50 Jamaica 0.044 EI Salvador 0.027 EI Salvador 0.021 India 0.054
51 Ecuador 0.042 Oman 0.023 Oman 0.019 Zimbabwe 0.052
52 Egypt 0.038 Ecuador 0.022 Colombia 0.018 EI Salvador 0.051
53 Colombia 0.038 Colombia 0.020 China 0.017 Morocco 0.048
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(b)+ (c)+
Share of Share of

medium- and medium-tech
(a)+ high-tech and high-tech

Manufacturing Manufactured activities in products in
value added exports manufacturing manufactured
per capita per capita value added exports-

index index index final index
Rank Economy (a) Economy (b) Economy (c) Economy (d)
54 Oman 0.034 Egypt 0.020 Ecuador 0.016 Saudi Arabia 0.047
55 China 0.034 China 0.019 Egypt 0.015 Colombia 0.041
56 Panama 0.032 Panama 0.017 Philippines 0.Q15 Mauritius 0.041
57 Paraguay 0.029 Philippines 0.017 Panama 0.013 Egypt 0.038
58 Guatemala 0.028 Guatemala 0.016 Guatemala 0.013 Peru 0.035
59 Morocco 0.025 Paraguay 0.015 Morocco 0.012 Oman 0.032
60 Philippines 0.022 Morocco 0.014 Jordan 0.012 Pakistan 0.031
61 Jordan 0.022 Jordan 0.012 Albania 0.011 Ecuador 0.025
62 Albania 0.021 Bolivia 0.011 Paraguay 0.011 Kenya 0.025
63 Bolivia 0.020 Albania 0.011 Algeria 0.009 Jordan 0.024
64 Algeria 0.018 Algeria 0.010 Indonesia 0.009 Honduras 0.023
65 Honduras 0.016 Sri Lanka 0.009 Bolivia 0.008 Jamaica 0.022
66 Sri Lanka 0.014 Honduras 0.009 Sri Lanka 0.007 Panama 0.022
67 Indonesia 0.013 Indonesia 0.008 Nicaragua 0.007 Bolivia 0.021
68 Senegal 0.009 Zimbabwe 0.005 Honduras 0.006 Albania 0.021
69 Zimbabwe 0.008 Senegal 0.005 Zimbabwe 0.006 Sri Lanka 0.017
70 Pakistan 0.008 Pakistan 0.005 Senegal 0.004 Nicaragua 0.017
71 Nicaragua 0.007 Nicaragua 0.004 India 0.004 Paraguay 0.015
72 India 0.007 Cameroon 0.004 Pakistan 0.004 Mozambique 0.013
73 Cameroon 0.007 India 0.004 Mozambique 0.004 Bangladesh 0.011
74 Nigeria 0.007 Bangladesh 0.004 Cameroon 0.003 Algeria 0.009
75 Bangladesh 0.006 Nigeria 0.003 Bangladesh 0.003 Cameroon 0.008
76 Zambia 0.004 Kenya 0.002 Nigeria 0.002 Senegal 0.008
77 Kenya 0.003 Zambia 0.002 Zambia 0.002 Zambia 0.007
78 Yemen 0.003 Yemen 0.002 Kenya 0.002 Nigeria 0.006
79 Madagascar 0.002 Central African Yemen 0.002 Nepal 0.006

Republic 0.001
80 Central African Madagascar 0.001 Central African United Republic

Republic 0.002 Republic 0.001 of Tanzania 0.005
81 Uganda 0.002 Uganda 0.001 Madagascar 0.001 Malawi 0.003
82 Mozambique 0.002 Mozambique 0.001 Malawi 0.001 Madagascar 0.003
83 Malawi 0.002 Malawi 0.001 Uganda 0.001 Central African

Republic 0.003
84 Nepal 0.001 Nepal 0.001 Ghana 0.001 Uganda 0.003
85 United Republic United Republic Nepal 0.001 Yemen 0.001

of Tanzania 0.001 of Tanzania 0.001
86 Ghana 0.000 Ghana 0.000 United Republic Ghana 0.001

of Tanzania 0.000
87 Ethiopia 0.000 Ethiopia 0.000 Ethiopia 0.000 Ethiopia 0.000

Source: UNIDO Scoreboard data set (see technical annex).

Note: Ranking is based on individual indicators contained in detailed annex tables for chapter 2. Column b is the average 01 a and b, c is the average 01 band c and d is the average

01 all individual indices (the linal CIP index).
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(b)+ (c)+
Share of Share of

medium- and medium-tech
(a)+ high-tech and high-tech

Manufacturing Manufactured activities in products in
value added exports manufacturing manufactured
per capita per capita value added exports-

index index index final index
Rank Economy (a) Economy (b) Economy (c) Economy (d)
1 Switzerland 1 Switzerland 0.760 Switzerland 0.840 Switzerland 0.808
2 United States 0.873 Singapore 0.717 Japan 0.633 Japan 0.725
3 Japan 0.851 Sweden 0.562 Sweden 0.627 Germany 0635
4 Sweden 0.673 Belgium 0.521 Singapore 0.616 Sweden 0.633
5 Germany 0.655 Japan 0.518 Germany 0.592 United States 0.599
6 Finland 0.645 Finland 0.490 United States 0.551 Singapore 0.587
7 Canada 0.585 United States 0.481 Finland 0.523 Finland 0.494
8 France 0.539 Germany 0.466 Belgium 0.491 Belgium 0.489
9 Austria 0.529 Canada 0.451 Canada 0.448 Canada 0.474

10 Norway 0.491 Netherlands 0.431 Denmark 0.420 France 0.450
11 Denmark 0.484 Austria 0.402 Netherlands 0.401 Austria 0.445
12 Italy 0.484 Denmark 0.401 Austria 0.401 United Kingdom 0.426
13 Belgium 0.457 France 0.368 France 0.397 Denmark 0.424
14 United Kingdom 0.449 Norway 0.368 United Kingdom 0.378 Netherlands 0.398
15 Australia 0.437 Hong Kong SAR 0.362 Norway 0.377 Ireland 0.379
16 Singapore 0.434 Italy 0.328 Ireland 0.340 Italy 0.379
17 Netherlands 0.403 Ireland 0.324 Italy 0.323 Norway 0.348
18 New Zealand 0.387 United Kingdom 0.310 Hong Kong SAR 0.291 Hong Kong SAR 0.320
19 Ireland 0.345 Taiwan Province Australia 0.259 Taiwan Province

of China 0.265 of China 0.292
20 Hong Kong SAR 0.341 Australia 0.249 Israel 0.246 Israel 0.290
21 Taiwan Province New Zealand 0.235 Taiwan Province

of China 0.325 of China 0.243 Spain 0.259
22 Spain 0.297 Israel 0.210 New Zealand 0.223 Korea, Republic of 0.247
23 Israel 0.250 Spain 0.184 Spain 0.190 Australia 0.214
24 Romania 0.224 Bahrain 0.153 Korea, Republic of 0.130 New Zealand 0.188
25 Bahrain 0.224 Korea, Republic of 0.132 Argentina 0.120 Poland 0.176
26 Argentina 0.222 Venezuela 0.128 Portugal 0.108 Portugal 0.159
27 Venezuela 0.203 Portugal 0.126 Bahrain 0.102 Brazil 0.140
28 Portugal 0.182 Argentina 0.119 Venezuela 0.099 Mexico 0.125
29 Korea, Republic of 0.171 Romania 0.112 Romania 0.096 Argentina 0.122
30 Hungary 0.167 Poland 0.092 Hungary 0.094 Malaysia 0.116
31 Poland 0.160 Saudi Arabia 0.092 Brazil 0.088 Bahrain 0.099
32 Greece 0.140 Greece 0.092 Greece 0.080 South Africa 0.096
33 Saudi Arabia 0.140 Hungary 0.088 Poland 0.077 Greece 0.093
34 Brazil 0.130 Malaysia 0.083 Saudi Arabia 0.077 Hungary 0.088
35 Mexico 0.126 Brazil 0.073 Malaysia 0.067 Venezuela 0.085
36 Uruguay 0.118 Mexico 0.070 Mexico 0.062 Turkey 0.082
37 Malaysia 0.093 Uruguay 0.069 South Africa 0.059 Romania 0.072
38 South Africa 0.093 South Africa 0.057 Uruguay 0.057 Zimbabwe 0.071
39 Ecuador 0.084 Mauritius 0.049 Costa Rica 0.037 Oman 0.069
40 Costa Rica 0.083 Costa Rica 0.048 Algeria 0.037 Tunisia 0.064
41 Panama 0.075 Algeria 0.045 Peru 0.036 Saudi Arabia 0.063
42 Algeria 0.066 Ecuador 0.045 Mauritius 0.035 Uruguay 0.062
43 Turkey 0.061 Panama 0.040 Turkey 0.034 Thailand 0.058
44 Guatemala 0.057 Turkey 0.038 Panama 0.032 Costa Rica 0.053
45 Peru 0.056 Jamaica 0.036 Ecuador 0.032 Philippines 0.044
46 Nicaragua 0.054 Chile 0.033 Chile 0.030 Morocco 0.038
47 Chile 0.054 Peru 0.033 Jamaica 0.030 Mauritius 0.037
48 Colombia 0.053 Guatemala 0.030 Nicaragua 0.024 Peru 0.037
49 EI Salvador 0.050 Tunisia 0.029 Tunisia 0.023 Colombia 0.035
50 Jordan 0.049 Jordan 0.029 Colombia 0.023 India 0.034
51 Mauritius 0.045 Colombia 0.029 Guatemala 0.022 Panama 0.032
52 Jamaica 0.044 Nicaragua 0.028 Jordan 0.021 Jamaica 0.032
53 Paraguay 0.044 EI Salvador 0.026 EI Salvador 0.020 Chile 0.030
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(b)+ (c)+
Share of Share of

medium- and medium-tech
(a)+ high-tech and high-tech

Manufacturing Manufactured activities in products in
value added exports manufacturing manufactured
per capita per capita value added exports-

index index index final index
Rank Economy (a) Economy (b) Economy (c) Economy (d)
54 Tunisia 0.043 Thailand 0.025 Thailand 0.020 Algeria 0.029
55 Thailand 0.041 Oman 0.024 Oman 0.018 Pakistan 0.028
56 Oman 0.040 Paraguay 0.023 Paraguay 0.017 Guatemala 0.028
57 Philippines 0.035 Philippines 0.020 Zimbabwe 0.017 EI Salvador 0027
58 Egypt 0.032 Zimbabwe 0.018 Philippines 0.015 Ecuador 0.025
59 Bolivia 0.032 Bolivia 0.018 Morocco 0.013 Senegal 0023
60 Zimbabwe 0.030 Morocco 0.017 Egypt 0.013 Jordan 0.022
61 Honduras 0.027 Egypt 0.017 Bolivia 0.012 China 0.021
62 Morocco 0.026 Honduras 0.017 Honduras 0.012 Nicaragua 0.020
63 China 0.024 Cameroon 0.013 China 0.011 Paraguay 0.013
64 Cameroon 0.022 China 0.012 Cameroon 0.010 Kenya 0.013
65 Indonesia 0.020 Indonesia 0.012 Zambia 0.009 Indonesia 0.012
66 Nigeria 0.020 Nigeria 0.010 Indonesia 0.009 Honduras 0.012
67 Zambia 0.018 Zambia 0.010 Nigeria 0.007 Egypt 0.012
68 Ghana 0.013 Sri Lanka 0.008 Senegal 0.006 Zambia 0.010
69 Senegal 0.011 Senegal 0.007 Sri Lanka 0.006 Bolivia 0.009
70 Sri Lanka 0.011 Ghana 0.007 Ghana 0.005 United Republic

of Tanzania 0.009
71 Pakistan 0.010 Pakistan 0.006 Pakistan 0.005 Sri Lanka 0.008
72 India 0.009 India 0.005 India 0.004 Cameroon 0.008
73 Bangladesh 0.007 Kenya 0.004 Kenya 0.004 Madagascar 0.008
74 Kenya 0.006 Central African Central African Bangladesh 0.008

Republic 0.004 Republic 0.003
75 United Republic Bangladesh 0.004 Bangladesh 0.003 Nigeria 0.006

of Tanzania 0.006
76 Central African United Republic United Republic

Republic 0.006 of Tanzania 0.003 of Tanzania 0.002 Ghana 0.006
77 Madagascar 0.005 Madagascar 0.003 Madagascar 0.002 Central African

Republic 0.003
78 Malawi 0.003 Malawi 0.002 Malawi 0.002 Malawi 0.003
79 Uganda 0.000 Nepal 0.000 Nepal 0.000 Nepal 0.001
80 Nepal 0.000 Uganda 0.000 Uganda 0.000 Uganda 0.001

Source: UNIDO Scoreboard data set (see technical annex).

Note: Ranking is based on individual indicators contained in detailed annex tables for chapter 2. Column b is the average of a and b, c is the average of band c and d is the average

of all individual indices (the final (lP index).

I TableA3.3 ~~{J:w~~Cilli1i]~tbu~~

46 large exporters 34 small exporters
Standard Standard

Independent variable coefficient t-statistic Mean coefficient t-statistic Mean
Share of medium- and high-tech

exports in 1985 0.408* 3.026 0.63 0.420* 2.356 0.08
Change in share over time 0.873** 6.452 0.02 0.364* 2.013 0.07

Adjusted Rl = 0.489 Adjusted R2= 0.131

Source: Calculations by UNIDO based on UNIDO Scoreboard database (see technical annex) .

• Significant at the 5 percent level.

•• Significant at the 1 percent level.

Note: The dependent variable is annual compound growth rate of manufactured exports, 1985-1998. The regressions satisfy all statistical tests of heteroskedasticity and collinearity.
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UNIDO publications may be obtained from bookstores and distributors throughout the world.
Consult your bookstore or write to: United Nations, Sales Section, New York or Geneva.

COMMENT SE PROCURER LES PUBLICATIONS DE L'ONUDI

Les publications de ('ONUDI sont en vente dans les librairies et les agences depositaires
du monde entier. Informez-vous aupres de votre libraire ou adressez-vous ii: Nations Unies,
Section des ventes, New York ou Geneve.

KAK nOJIYlfHTb H3)l,AHH.H IOHH)l,O
li3JlaHUJI IOHli)l,O MOlKHOKynuTb B KHUlKHblX Mara3UHax U areHTCTBax BO Bcex paHoHax
Mupa. HasOJlUTe cnpaBKu 06 U3JlaHUJlXB BallieM KHUlKHOM Mara3UHe unu nUlliUTe no
8Jlpecy: OpraHU3aUUJI 06DeJlUHeHHblx Hauult, CeKUUJI no npOJlalKe U3JlaHult, HblO-t10pK
unu :>KeHeBa.

CÖMO CONSEGUIR PUBLICA ClONES DE LA ONUDI

Las publicaciones de la ONUDI estan en venta en librerfas y casas distribuidoras en todas partes
del mundo. Consulte a su librero 0 dirfjase a: Naciones Unidas, Secci6n de Ventas,
Nueva York 0 Ginebra.
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