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tries' praspects for catching-up with more advanced coun- 

tries in productivity and income hinge increasingly on their 

ability to rapidly build up competences. This places domestic 
knowledge systems at the core of industrial development 
strategies. This is not new, but has acquired far greater impor- 

tance in recent times. 

Owing to the cumulative nature of learning, differences in 

the rate of accumulation of technological capabilities have an 

inherent tendency to trans'late into gaps in ecanomic prosper- 

ity across countries. Narrowing these gaps has required sus- 

tained catch-up efforts of various kinds. Pivotal among these 
efforts has been the swift accumulation of technological 
capabilities. Contrary to views once popular among econo- 
mists, domestic knowledge generatian has been a requisite 

of catching-up. Tapping into the global pool of knowledge 
and building domestic knowledge systems go hand in hand. 

Collective learning, both within single organisations and at 
more aggregated leve's, is a vital feature of damestic compe- 
tence building. Indeed, the effectiveness with which a firm is 

abi'e to partrcipate in and benefit from the generation of 
technologies is largely given by factors that lie outside the 
scope of the iridividual enterprise, The institutional environ- 

ment within which a firm operates determines its incentives 

and opportunities and thus affects the scope of the capabil- 

ities it needs to master. The intervening factors include incen- 

tives ta innovation, conditions of access ta variavs kinds of 
inputs (including finance, skills and knowledge) and to rele- 

vant markets and regulatory requirements. Behind many of 
these factors lie the capabilities of a multiplicity of organisa- 

tions, including input suppliers, educational and training 

institutions, research organisations, financial institutions, reg- 

ulatory agencies and specialised service providers. Clearly 

then, both the quality of firms' technological capabilities and 

the scope for acquiring new capabilities can only be properly 

understood by considering the context within which both are 

shaped. The process of competence building is hence not 

only cumulative at an individual level but also systemic in 

character. 
Effective public policies must aim not just at creating a func- 

tional 58T infrastructure adapted to the specific needs of the 
productive sector, but also at enabling the emergence of a 
domestic demand for technological capabilities. In the private 

sector of the economy such demand depends on how far 
busiriess firms internalr'se innovative activities as a key ingre- 

dient of their competitive performance. This critical pre-con- 
dition entails addressing the interplay and complementation 

between the incentives framework and the services of the sr' T 

infrastructure, on the one hand and, on the other, the impact 
of various kinds of externalities (technological, informational, 

coordination) an companies' ability to conduct the risky busi- 

ness of exploring new production areas and new markets. 

Critical factors for catching-up: 
assessing the evidence 

The idea that social capabilities lie at the heart of economic 
development processes is not new. Until recently, however, 

attempts to rigorously assess the critical factors affecting 

catching-up potential — a precondition for effective policy 

design in developing countries- were handicapped by insuf- 

ficient data and lack of re'levant metrics. 
The Report shows that this gap can be narrowed by apply- 

ing factor analysis to recently collected data, by discerning 
broad dynamic trends for a cross-section of countries and 
identifying factors that affect growth. 

Overall, the variables considered depict various facets of 
technological capability, institutions, policies and geography, 
which are broadly aligned with various theories of growth 
and convergence found in the economic literature. When 
common vectors underlying these variables are extracted 
from the cfata, five composite factors emerge. The first one 
is knowledge, by far the most important one, comprising vari- 

ables highly correlated with the creation, diffusion and use 

of knowledge, such as research and development (Rao) and 
innovation, scientific publications, information and commu- 
nications technology (ic T) infrastructure, quality management 
and education. The second factor is inward openness, which 

comprises indicators of import trade and inward foreign 
direct Investment (For), The third factor, financial system, con- 
cerns overall aspects of market capitalisation, country risk 

and access to credit. Together with governance and the polit- 
ical system, as well as a range of control variables covering 

geography and history, these factors are used to probe the 
issue of catching-up empirically. 

As expected, social capabilities — including knowledge, 
governance and financial structure — are found to be posi- 

tively and significantly associated with development level. 

The stock of knowledge seems to be a ma&or source of dif- 

ference in income levels across regions in 2002, Most strik- 

ingly, almost 60 per cent of the difference in income level 

between Sub-Saharan African (ssA) countries and the indus- 

trialised countries can be attributed to the difference in the 
stock af knowledge. However, low current levels of social 
capabilities do not necessar ly mean that low-income coun- 
tries are doomed to stay poor. 

In fact, initially low levels of development (measured either in 

terms of income or knowledge stock) can signal a larger poten- 
t, 'al for faster growth and catch-up. Whether this potential for 
catching-up is or not realised depends on the rapid accumula- 

tion of capabilities. Low-income countries can be expected to 
grow more than two percentage points faster than the rich 

ones, other conditions (such as knowledge and governance) 
being equal. However, these other ronditions are often not 

equal: the developing countries' higher potential for technolog- 
ical catch-up may be more than offset, tor instance, by the bet- 

ter qua, ity of the financial system and faster growth of knowl- 

edge in the rich countries. Hence, the difference in gross dames- 

tiC prOduCt (C'DR) per Capita between riCh and pOOr COuntrieS 

may end up widening rather than narrowing, ln other wards, 
in addition to facing the challenge of coordinating capability 

building policies across a wide range of areas, developing coun- 

tnes must also keep adjusting their aim to a moving target, due 
to the rapid growth of capabilities within rich countries. 

Although the initial gap in income suggests a greater 
growth potential for the least developed countries (i ocs), in 

the model used in the Report this is actually more than off- 
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set by the other factors taken into account. The result is a 

growth rate 2. 1 percentage points lower than that of the suc- 

cessful industrialising countries of East Asia. The three factors 

cited — the financial system; governance; and the knowledge 

gap, a good proxy for overall social capabilities — account for 

approx mately 80 per cent of the income growth differential 

between the two regions. 

Empirica evidence presented in this Report suggests that 

countries wish'ng to strengthen their competitive position 

and to catch-up need to invest stead ly in the generation of 

knowledge. This is a clear priority for development, but it is 

not sufficient. Well-deve oped knowledge capab lities need 

to be supported by an enabling environment such as a well- 

working financial system and governance capabiities. The 

historical and descriptive evidence presented in Chapters 3 

and 4 provide further insights into the role of domestic capa- 

bility building in catching-up, 

Catching-up and falling behind: 
accounting for success and failure over time 

What determines success or fa'lure in the bid to catch-up? 

This question has intrigued policymakers, academics and 

industrialists for more than a century, At the extremes, the 

long-run trend since the Industrial Revolution seems to be 

towards divergence, not convergence, in product vity and 

income. But, in accordance with the empirical evidence pro- 

vided above, what history shows is that in the few countries 

that have managed to catch-up with, even overtake, the 

leaders at different points in time, the key driving forces were 

technology and the environment that fosters it. 

Data on per capita income across countries and regions 

since 1820 shows a long-run tendency towards divergence 

in the global economy. Not only have high-income countries 

grown faster on average than those with low income, but the 

distribution has a so widened, so the gaps between the rich- 

est and poorest have grown. While the period between 1820 
and 1950 was one of divergence in economic performance 

between the leading advanced countries, the decades that 

fol owed were characterised by 'club convergence' in income 

and GDP per capita among the industrialised economies, and 

further divergence between them and the lower-income 

economies. In particular, this tendency seems to have gained 

momentum after 1980. 
Probably the most striking feature of the long-run evidence 

is the great variation in performance between countries with 

comparable initial levels of productivity and income. That 

said, the data helps to dist ngu'sh clearly between four 

groups of countr es (Figure 1): 
o countries that, having started with high level of initial 

income, are still moving ahead with high growth rates, 

o high-income countries that have started to lose momentum, 

o countries that, having started with low levels of income, 

enjoy high growth rates and are in the process of catching- 

L/p, and 

o countries that are falling further behind. 
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Productivity catch-up requires higher-than-average growth 
for a sufficiently long time. How long this period must be 
depends on the size of the initial gap with respect to the 
target level. However, the aim of catching-up efforts cannot 
be expressed solely as that of achieving higher-than-aver'age 

levels of cop per capita. In order to better account for patterns 
of convergence and divergence, it is necessary to undertake 

a historical assessment of institutional developments that 
have influenced the accumulation of technological and social 

capabilities in catching-up countries. 

Role of knowledge systems in catching-up 
experiences 

The diversity of growth processes at the country level reflects 

differences in institutional patterns, interactions between the 
social actors and the pace at which soaal and technological 
capabilities have been accumulated. A privileged vantage 
point to assess the role of institutions in catching-up scenar- 

ios is that of focus ng on the components of domestic knowl- 

edge systems such as higher education, technical and voca- 

tional training, research, technical assoaations, standards, 

metrology and technical regulatory bodies and institutions 

that support the interactions between training and research 

activities in the public sector and the formation of entrepre- 
neurial and technological capabilities in emerging industries. 

The institutional evolution of domestic knowledge systems 

in countries such as Germany, the United States (us) and 

Japan in the i9" century as well as in Taiwan Province of 
China and the Republic of Korea more recently illuminates 

the role of collective competence-building in economic catch- 

up. In all these cases significant institutional adaptation and 

innovation took place in response to particular local condi- 

tions. Amid the resulting diversity, however, important simi- 

larities are found, which provide useful lessons for contern- 

porary policies. The success of the respective policies often 
relied on achieving a balance between rapid accumulation 

and enhancing the demand for technological skills and capa- 
bilities. 

Since the 19«century catching-up experiences have often 
involved significant increases in enrolment in tertiary educa- 
tion — especially in science and engineering fields — as well as 

important adaptations to the needs of emerging industrial 

sectors. Not only was access to education greatly broadened, 
but also the scope of academic education, both by advances 
in natural saence research and changes in attitude towards 

professional training. The international movement of stu- 

dents made another important contribution to the spread of 
ski 

enduring 

the 19«and 20'" century, coupled with movements 

of skilled industrial personnel, These changes coincided with 

the emergence of saence-based industries — such as chemi- 

cals and electricai equipment — and of formal Rao laborato- 

ries in firms in these industries, both of which had an impact 

on the concept of the contribution expected from modern 

universities. Public policies and especially public funding 

often helped bring about greater closeness between indus- 

trial practice and academic education. The experiences from 

countries such as Japan and the us show that, while it is 

important to ensure continuity and pertinence, it is also 
necessary to strike a balance between supporting research 
that responds to the current needs of industry and making 
sure that part of the funding is allocated more flexibly to 
research with potential future returns. 

Creating a domestic supply of scientists and engineers may 
not be sufficient to induce the emergence of private sector 
demand for their knowledge. Particularly dunng the early 
phase of industrial development, the creation of an effective 
technological infrastructure is likely to require a set of corn- 
plementary policies and institutions to support private entre- 
preneurial efforts. A crucial determinant of an effective rela- 

tionship between university and industry is the degree of 
responsiveness of educational curricula and activities to the 

emergence of new areas of industrial technology or spe- 
cialised sectors. This often entails establishing effective net- 
works between institutions of higher education, technical 
and vocational training, research units, technical associations 
and industry. 

Competence building policies in Taiwan Province of China 

and the Republic of Korea provide useful examples of the design 

of institutions and investment in capabilities for which there is 

little initial demand. Imbalances in the national supply and 
demand of skilled personnel in these economies were remedied 

through private-sector development and policies that struck a 
balance between catering to current needs and anticipating the 
future needs of industry. Particular attention went to the efforts 
of public research labs in transferring and disseminating tech- 
nology — such as the Industria'I Technology Research Institute 

(TRI) in Taiwan Province of China and the Korea Institute for Elec- 

tronics Technology (r ET) in Republic of Korea. 
The scope of the contributions of universities and public 

research institutes to capability building in a sector must 
evolve in tune with the nature of the technological activities 
carried out by national firms, their access to other sources of 
technological knowledge, and the structural characteristics 
of the evolving industry. Skill formation in the private indus- 

trial sector has been a critical component of the technolog- 
ical capability building efforts in virtually all catching-up 
countries. Public policy has often he'lped to shape these 
efforts, botih by means of legislation on accreditation and 
certification and by encouraging ski I formation through the 
use of levies and incentives. Another institutional set-up for 
which a wealth of experience exists is the establishment of 
industry research organisations such as the Engineering 
Research Associations in the United Kingdom (uK) and Japan, 
which were important means of raising technological capa- 
bilities across the board in a given industry by facilitating the 
exchange of technical information and the creation of 
opportunities for risk and cost sharing between participants, 
Entrepreneurship development poliaes, including incubator 
programs and venture capital support can also, given appro- 
priate framework conditions, greatly assist in encouraging 
innovative activity. 

The role played by standards, quality and metrology insti- 

tutions in the formation of innovation systems is a much 
under-studied aspect of technological infrastructure, Chap- 
ter 4 closes with a review of the role of such infrastructure in 
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the recent catch-up experiences in Taiwan Province of China 

and the Republic of Korea, which suggests that the capabil- 

ities embedded in these institutions can also promote indus- 

trial deepening and technological catch-up. 

Accessing and mastering knowledge 

Unequal access to codified information has been at the cen- 

tre of public debates on the so-called knowledge divide. 

These debates have coincided with an explosive growth in the 

stock of codified s8T knowledge. The amount of new infor- 

mation stored on various forms of media doubled between 

1999 and 2002, implying a 30 per cent yearly growth rate, 

Information flows through electronic channels have also 

increased at breathtaking speed, a phenomenon fuelled 

partly by the growth in the number of Internet users and the 

amount of information stored on the web. What is the poten- 

tial significance of this trend for developing countries' strate- 

gies and prospects? 
Speofic features of these trends create challenges and 

opportunities for developing countnes, whose development 

prospects are at least partly defined by their ability to adopt 
and adapt technologies (physical and social) originated else- 

where, that is, their ability to learn to apply sat knowledge to 
the implementation of locally innovative economic activities. 

This in turn depends on the systematic nurturing of indige- 

nous technological capabilities and the development of a 

domestic technology infrastructure, which can foster greater 

access to the available sources of codified knowledge. 

Developing countries face two kinds of challenges in this 

respect. The first one arises from barriers to access that often 

accompany the codification of knowiedge, imposed by the 
sources of that knowledge. Among these, pr cing is pivotal. 

The second challenge is posed by the limitations on the use 

of codified knowledge, even when access is granted. Access 

to codified knowledge may be opened, but IpR enforcement 

may substantially restrict its use. 
From a developing country's standpoint, the impact of the 

Trade-Related Inteilectual Property Rights (TRirs) agreement 

results from a balance between two forces: the marginal 

impact on domestic learning and innovative activities from 

increased access to patent disclosures, and the consequences 
of the creation or strengthening of IpRs on inward technology 

transfer. With respect to the former, th'e effect can be 
expected to be more significant for patenting activities by res- 

ident firms or individuals than by foreign holders. As to the 

latter, stronger IpR protection might curb activities of reverse 

engineering and imitation of foreign products, but it might 

also support technology transfer activities structured around 

licensing agreements. 
The capabilities required to take advantage of codified 

knowledge depend on the intended uses of the knowledge to 
be acquired, These may range widely, from merely transmitting 
it to third parties to reproducing it in an experimental setting. 

There are also differences across sectors regarding how perva- 

sively codified knowledge is available as a carrier of commer- 

cially useful technology, and how complex are the capabilities 

required by the potential users of available knowledge. 

Questions arise as to why dissemination is difficult, why 
advances in scientific knowledge do not lead immediately to 
new technological applications, and why the effectiveness of 
both processes varies significantly across sectors. Two funda- 
rnental explanations have been put forth. The first one is that 
the output of scientific research is not information that can 
be used at trivially low costs in the production and'implemen- 

tation of new technology. Scientific activity relies on a com- 

plex enabling infrastructure. Second, the mastery of tacit 
knowledge affects the efficacy of technology dissemination 

processes across firms or countries. (e. g. standards and tech- 
nical regulations, generic drugs and semiconductors) 

The capabilities required for exploiting various forms of 
codified knowledge reside only partly within any given firm. 

A distinctive feature of an innovation system is the piesence 
of multiple, interacting actors and institutions, whereby firms' 

capabilities are enhanced by access to those of other actors 
in the system. The extent to which developing country firms 

can access and use available sources of codified knowledge 
depends on the diversity of the collect've skills and capabili- 
ties they can rely upon 'n order to introduce locally innova- 

tive technologies. A remarkable mismatch is to be noted, 
however, between the increasing recognition of the need for 
domestic knowledge systems and a quite generalised recent 
decline in the allocation of resources to capability building in 

most of the developing world. This trend runs contrary to that 
found in the experience of the successful catching-up coun- 
tries highlighted above. 

Policy, knowledge and business innovation 

In modern societies development and economic welfare rest 

on the permanent creation and destruction of knowledge. 
Rapid acquisition of new knowledge is fundamental to 
successful economic performance. Seizing opportunit es for 
catching-up depends on the systematic mastery of knowl- 

edge and skills. This mastery does not develop more than 
minimally unless societies invest in acquiring it. 

Competence building has yet to be given the centre-stage 
position it warrants both in the formulation of development 
policies and in the conceptual framework underlying these 
policies. This is because, first, theoretical considerations pro- 
vide a very limited guide for policy and, second, there is a 

dearth of appropriate tools, metrics, heuristics ard needs- 
assessment methodologies. 

Although few would dispute that economic restructunng 
and productivity growth are increasingly driven by innova- 

tion, conventional policy approaches still do not adequately 
deal with th s reality, particularly with the need to match the 
demand and supply of innovative resources. While the price 
system understates the demand for innovation because mar- 

kets tend to under-reward innovation, system weaknesses 
often block the supply skills and expertise as well as their 
application to innovative activity. 

A major inadequacy of conventional policy approaches to 
development stems from the insufficient attention paid to the 
dynamic correspondence between competence building poli- 

cies and private sector development. Policymaking to foster 



economic transformation from this perspective still awaits 

formulation both in terms of a general framework and of spe- 
cific guidelines. 

The capability approach provides a privileged vantage point 
to address these issues. In articulating such an approach for 

the emergence and growth of innovation systems (Is) in 

developing econom es, key phases of transformation need to 
be identified. 

As poor countries get richer, sectoral production and 

employment become less concentrated and more diversified. 

This pattern lasts until fairly late in the development process. 
Then, incentives to specialise take over as the major force, 
Beyond a few specialised, export-oriented activities, a similar 

pattern can be expected in the allocation of resources to 
technological effort where technological learning tends first 

to spread across a broad range of act!vities, to become 
increasingly specialised ar, d differentiated as the economy 
attains higher levels of development. Once business enter- 

prises, along with complementary agents, have acquired 
broad-spectrum innovative competences, can they afford to 
seek more specialised innovative capability development 
tracks. 

Information externalities, asymmetries and complementar- 
ities call for non-market interventions to overcome hurdles in 

the process of innovative development. These hurdles give 

rise to various kinds of mismatches in the pace of advance of 
capability building in the domestic knowledge, the business 

innovation and the policy/governance subsystems. Only 

when these subsystems advance in step does a potential for 
catching-up emerge (see Figure 2). This potential normally 

develops along sectoral lines, in the context of conducive 
overall framework conditions, including those relevant to 
economy-wide innovative capability development. 
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Three phases can be discerned in ls growth. They consist 
in: first, establishing threshold conditions for the emergence 
of is; second, promoting innovation-based growth; and third, 

prompting the growth of differentiated and specialised func- 
tions to generate systemic innovat've responses to emerging 
opportunities. As we move across these phases, strategic pri- 

orities shift from stimulating generic innovative skills in the 
business sector to generating a critical mass of innovative 
small- and medium-sized enterprises (sMFs), to the emer- 
gence of a venture capital/private equity industry market. 

Similarly, the private sector's share of total Rao increaSeS, 
whereas the emphasis of the support infrastructure shifts 
from basic vocational training, information diffusion, metrol- 

ogy and standards to fostering specialised infrastructures and 
frontier technologies. 

The experience of Ireland and the successful Asian catch- 
ing-up countries highlight the fact that, although the respec- 
tive strategies may differ in their degree of reliance on FD and 

ways of master ng technology and skills, catching-up is highly 

unlikely to take place in the absence of openness to interna- 
tional trade, investment and technology flows. Developing- 
country policymakers must operate under severe limitations 

that did not exist back in the 3970 and 3980s, particularly 
those relating to stronger IIRs and the prohibition of export 
subsidies. These constraints do pose very stringent demands 
on the ability to ass milate technology and to export. How- 

ever, the loss of policy autonomy ought not be exaggerated, 
The crucial constraint on the pursuit of catching-up policies 

today resides in the national capability to articulate the 
co-evolution of the domestic knowledge, business innovation 
and policy/governance subsystems so as to move Is forward. 
The emergence of this capability depends essentially on indis- 

pensable domestic factors such as social consensus and 
framework conditions, These conditions are not confined to 
the generic public goods of the conventional discourse 
(rnacroeconomic stability, rule of law, good goveinance) but 
also comprise stimuli to technological capability formation 
and innovative development. 

Standards, technical change and catching-Up 
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Technical standards help focus the direction of technological 
search efforts by limiting product diversity and speeding up 
selection. This entails the need for policy to watch the bal- 

ance between gains in 'nnovative efficiency and reductions 
in the necessary degree of diversity of innovative endeavours. 

The ensuing challenges for policy are not trivial. For 

instance, a new technology may have a lower potential for 
improvement than an old one it intends to replace, or the 
costs of shifting to a new, more promising technology, may 
be perceived as higher that those of continuing with the old 
one. As policymakers are rarely able to anticipate technolog- 
ical change and time their decisions optimally, they are nor- 

mally left with the responsibility of creating appropriate 
framework conditions foi standardisation, letting private 
committees manage the standard-setting process. 

The nature of the incentives provided by standards and IPRs 

differs sharply. The former are largely market-driven devices 
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for collective processes of innovation convergence, which 

promotes selection, whiie the latter are aimed at rewarding 

individual inventions, thus fostering diversity. Since they influ- 

ence the trade-offs between the public and private dimen- 

sions of knowledge differently, a potential for conflict ensues. 
Such is the case when applying standards requires the use of 
proprietary technologies with high patent and standards 

intensities. 

While potentially moving towards the coordination of tech- 

nologies, standardisation has also been taking a more pivotal 

role in the knowledge-creation process. The influence of IPR 

pooling is heightened by the increasing intensity of patent- 

ing in particular areas such as mobile telecommunications 

and semi-conductors. The ensuing effects on the use of IPRs 

and standards, combined with trends such as market integra- 

tion across borders, convergence of technologies and the 

increasing pace of technological change have put them on a 

collision course. 
IPRs and standards may be designed to complement one 

another, thus fostering the creation and diffusion of knowl- 

edge; or IPRs may be used to block standards; or the conf l'cts 

may be mitigated by efficient licensing mechanisms such as 

equitable patent-pool schemes allowing IPRs to be factored 
into standards without infringing property rights. This is an 

emerging intermediate scenario, 
The key conclusion coming out of this analysis is that only 

firms that possess technological assets to trade will be placed 

in a position to exert influence on the outcome. 
From the perspective of countries attempting to catch-up, 

actual disadvantages in this field may be offset, at least par- 

tially, by paying particular attention to the early integration 

between R8D and standardisation activities at the project, 
program and institutional leve s. A window of opportunity in 

this respect arises when building up new research and stand- 

ardisation capabilities, in contrast with the often broken-up 

systems in industrialised countries, which are just beginning 

to address the problem. 
The extent to which developing country domestic firms 

can influence the specification of international standards will 

depend largely on the quality of their own patent portfolios, 

As technological pace-setters, advanced countries exert 

great influence on developing-country standardisation 

processes. Yet, involvement by developing-country experts 'n 

international standard-setting activities contributes to enrich 

their tacit knowledge — in addition to the access to codified 

knowledge that the standards themselves entail. However, 

these experts cannot be expected to exert much influence 

over them. While accounting for the overwhelming majority 

of Iso members, for instance, developing countries account for 

just three out of the 12 members of the Technical Manage- 

ment board and are responsible for barely five per cent of its 

Technical Subcommittees, which set policies, actions and 

standards. In contrast, the us, Germany, the ur„France and 

Japan hold among them 65 per cent. The remaining 30 per 

cent is held by other developed nations, Nevertheless, active 

involvement in international standardisation processes may 

contribute to developing countries' awareness about devel- 

oped-country preferences. Since standards are shaped not 

just according to technological requirements, but also to mar- 

ket needs and users' preferences, this may ultimately have a 

knock-on effect on the final specification of international stan- 

dards and on the competitiveness of developing-country firms, 

From a developing, potential catching-up country stand- 

point, the information and the practices and routines entailed 

by standards (particularly those relating to quality manage- 
ment) are an input for improved competitiveness, credibility 

and reputation. As is only to be expected for the case of a 

standard-follower country, this occurs pretty much across the 
board, rather than just in frontier technology areas. Because 
of the very recent and rapid diffusion of public technical stan- 

dards in developing countr es, governments have a key role 

in helping set up the necessary standards and conformity 
assessment infrastructure as part of the threshold framework 
conditions for pnvate-sector development. An efficient infra- 

structure of this kind, still largely absent in most of the devel- 

oping world, is indispensable to offset the competitive disad- 

vantages suffered by manufacturing firms from latecomer 
countries, 

Standards are also important for developing countries 
embarking upon high-technology sectors whose products 
and services are becoming rapidly diffused globally. Adoption 
of standards in this case may entail important trade-offs 
requiring careful monitoring of technological trends, 

Because of the different role of standards in advanced and 
developing economies, the policy implications also differ 

greatly. While in the former public policy issues are largely 
about stimulating the private sector to better handle the pro- 

duction and distribution of knowledge by means of the nec- 

essary institutional innovations, in the latter they are essen- 

tially about investing in capability building and in creating the 
incentives and institutions for the development of a respon- 
sive standards and conformity-assessment infrastructure to 
help enhance firms' quality management and international 
competitiveness. Only in very few cases are potential catch- 
ing-up countries beginning to play a role in standard-setting 
in emerging technology fields. This experience may show the 
way for the countries that follow and for that reasons it calls 

for close monitonng. 

Building Capabilities for Food Safety 

Forty per cent of world trade in agricultural pioducts (us$583 
billion in 2002~ comes from developing regions (wro, 2003). 
While the international debate has largely focused on the 
controversy over agncultural subsidies in trade negotiations, 
much less attention has been paid to the capability building 

needs of developing countries in the face of ever more strin- 

gent requirements to the trade in agricultural products. As 

the volume of international trade in agricultural products 
originating from developing countnes suggests, much is at 
stake, even after discounting the effect of trade distortions 
created by subsidies, 

The ability to compete In agricultural and food products is 

increasingly about meeting safety, quality, and environmen- 

tal requirements (above and beyond price and basic condi- 
tions). In the last decade, changes in how the risks involved 
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in the food chain are perceived by the public and approached 

by the scientific and policymaking community have resulted 

in increasingly stringent standards and regulations. Not only 

is there greater scrutiny of production and processing tech- 

niques, but there are also stricter traceability and labelling 

requisites across the food supply chain. While most Sanitary 

and Phytosanitary Measures (si s) measures, such as those 

relating to human health and safety, are embodied in techni- 

cal regulations, there is also a discernible upward trend in the 

development of private standards, as retailers in developed 

economies, motivated by commercial strategies of mitigation 

and differentiation, impose canditions along the supply 

chain. 
While many in the developing countries perceive the 

increasing requirements as a potential and significant barrier 

to trade, the ability to raise capabilities in this field also pre- 

sents a major opportunity for upgrading and catching-up 

with other high-value food-exporting developing countries. 

Unfortunately, while costs are immediate and easy to 
account for, the benefits from compliance tend to be much 

more difficult to ascertain. Since sos compliance is also a 

'moving target', the three subsystems of the is — the knowl- 

edge, the business innovation and the policy/governance 

subsystems — need ta co-evolve to keep up with changing 

demands. 
In order to continue to trade, developing countries need 

to enhance private firms' ability to comply with these 
requirements as well as strengthen the institutional infra- 

structure, that helps demonstrate compliance. sps-related 

risks are often not! imited to one stage of production or pro- 

cessing. Dealing with such complex challenges in a dynamic 

context requires more than adopting good practices and 

new technologies — it involves raising domestic capacity to 
interact with the international system, enhancing the knowl- 

edge base, build ng legitimacy and trust in the domestic 
inst'tutions and guiding the direction of search, experimen- 

tation and market-building for a growing business innova- 

tion system. 
Since the requirements of a well-functioning si's system are 

relatively complex, it would nat be realistic to expect that all 

the actors and sub-sectors n developing economies (and 

especially the least developed ones) to evolve concurrently in 

a smooth fashion and to achieve sufficient capabilities to 

undertake a decisive approach to food safety in a short period 

of time, ln fact, even in semi-industrialised economies with 

developing is, growth of capabi ities in the food safety area 

are uneven. 

As a result, interventions are required not only at the final 

product-testing level but also upstream of the supply chain 

for effective quality and food safety control. This involves: 

o Building policymaking capabilities, including the updating 

of 'legislation to enable food safety control agencies to 

respond to current challenges that go beyond basic control 

of hygiene and supporting participation in international 

standard setting and planning activities. Crit cally, the way 

in which risk management is handled by food safety insti- 

tutions and reflected in relevant legislation can drastically 

enhance or diminish the potential for technolagical and 

entrepreneurial innovation in the private sector 
o Reinforcing the technological capabilities within the insti- 

tutions of the domestic knowledge subsystem, particularly 

those of the food standards and quality control agencies, 
through investments to upgrade their testing and measure- 

ment, risk analysis and certification capacity, RaD efforts, icT 

resources, training and organisational changes for 
enhanced performance. 

o Setting and fine-tuning public-private cooperation for the 
effective functioning of the food safety system, This is 

largely due to the need to adapt the technologies to local 

conditions, so catching-up in this area requires indigenous 

capabilities to co-evolve within the firms as well as within 

the technological support infrastructure to help absorb and 

adapt necessary technologies to the local needs. 
o Helping to build ca pabilities in the private sector to deal with 

increasingly stringent standards and to gain competitive 

advantages. The business innovation subsystem is a critical 

but often the weakest component of an emei ging develop- 

ing-country is. An emerging is assumes a threshold level of 
technical competence such as those required to introduce 

new production methods to comply with sos measures and 

other requirements involving technological choices, in addi- 

tion to financial resources and legal/technical knowledge 

abo~t how to access low-cost technologies and transfe~ 

them. Support to the business sector should promote exper- 

imentation and new market formation by enabling invest- 

ments in Hazard Analysis and Critical Control Points 

(i-iaccp}, Good Agricultural Practices (GAP) and Good Man- 

ufacturing Practices (cMp}, information systems for trace- 
ability and labelling, and uptake of environmental technolo- 

gies. 

A uN Do-sponsored needs assessment exercise conducted in 

cooperation with srwwsw (Servicio Nacional de Sanidad y Cal- 

idad Agroalimentaria) in Argentina reveals cost estimates of 
the upgrading needs of the Agency based on reactive and 

proactive strategies. The investments in the case of the reac- 

tive scenario would require us$53. 4 million over five years 
whereas the proactive scenario would require us$ 133. 6 mil- 

lion. These figures represent increases of 32 per cent and 80 
per cent, respectively, on the current budget of ust, 33. 5 mil- 

lion. While some one-off investments are required initially to 
upgrade existing capacity, recurient expenditures are also 
essential to ensure that dynamic capabilities are built to 

manage emerging needs. Such resource mobilisation is a 

necessary but not a sufficient condition to build a legitimate 

and trusted institution, which calls for significant policy/ 

governance capabilities as well as effective links w th the 
business innovation subsystem, 

Comparing the assessed needs of a single country with the 
us$65 to 75 million spent worldwide by bilateral and multi- 

lateral agencies in recent years to build trade-related capaci- 
ties, it is clear that there is a strong rationale for significantly 

extending and improving the delivery of international tech- 
nical assistance for specific supply-side constraints and con- 

formity with requirements. 

UNIDO Industnal Develp ment Re Ort 2005 



SECTION II A Review 
of World Industry 

he review focuses on salient features of global industrial 

performance during 1990-2002. Quantitative assess- 
ments are obtained by the use of six industrial indicators. The 
narrative addresses industrial performance in three dimen- 
sions: activity, industry and technology. 

Levels of industrial activity are measured and discussed 
under two aspects and with reference to the pivotaldevelop- 
ment indicator of per capita income. The first aspect is 

domestic and involves the potential of 'manufacturing 
income' of each economy. The second is international and 
introduces the perspective of comparative advantage 'n 

industry, which is associated with the potential of 'manufac- 
turing trade'. 

Structural characteristics are used to assess economies in 

the other two dimensions. The industry dimension is repre- 
sented by the weight of industrial production and trade in the 
entire economy, which provides an indicator of 'industr'al 

advance'. The technology dimension is assessed via the 
weight of medium- or high-technology branches in industry, 
which provides an indicator of 'technological advance', The 
rationale behind emphasizing this view of structural traits is 

the key role of industry-curn-technology for economic 
growth. 

Activity levels 

Between 1990 and 2002 developing economies increased 
their share in world production from less than 16 per cent to 
more than 23 per cent. While this is a formidable rise of 
industry in the developing world as a whole, its result still falls 

short of the 'Lima target' of a quarter of global output. 
Changes in the other two broad country groups were also 
significant: transition economies saw their share halved over 
the twelve years, and that of the industrialised economies— 
still the lion's share — shrank nearly five percentage points to 
ess than three-quarters of world industrial production. 

The performance of individual regions and countries within 
the above broad categories varied widely — particularly so 
between the geographic regions of developing countries. 
East and Southeast Asia, already the leading region in 1990, 
doubled its share in world production by 2002, reaching a 

percentage three times larger than that of the runner-up 

region, Latin America. Unlike all other regions, with the 
exception only of Sub-Saharan Africa, latin America even 

exper'enced a slight decline of its share. In addition, there was 
a faint sign of improvement visible for the Locs, whose share 
in world industry remains, however, still minuscule. 

When industrial production is related to the number of 
people who benefit from it, directly or indirectly, the global 
picture is one of glaring unevenness. D fferences are over- 
whelming in compansons between individual countries. The 
same is true for the gap between the industria ly richest and 
poorest parts of the world, a gap which, moreover, has been 
significantly widening rather than narrowing. A comprehen- 
sive assessment of global industrial unevenness, however, 
produces a picture that is less dark and in which significant 
improvements can be traced. In this context, the special posi- 
tion of China 'n today's world development can be seen in 

the light of its impact on reducing industrial unevenness. 
In comparisons between individual countries or geographic 

regions, industrial production per capita is the natura indica- 
tor of the level of domestic activity and, more broadly, of the 
level of industrial development at large. Here too, differences 
between country groups and regions are striking. Industrial 
activity in the industrialised econom'es is at a level ten times 
higher than that of transition economies and sixteen times 
that of developing economies. Among the developing 
regions, too, gaps in activity are wide, with a ratio of about 
nine between the highest and the lowest regiona averages. 
The highest level of per capita output throughout the period 
is that of Latin America. By 2002, East and Southeast Asia had 
attained the second place with activity not far below that of 
the leading region. The Middle East and North Africa ho d a 
middle position, whereas South Asia and Sub-Saharan Africa 
rank at the low end. 

Compansons between countries reveal an almost unimag- 
inably broad range of activity. The ratio between the level of 
the leading economy (Switzerland) and the trailing 
economies is of the order of one thousand. And for only a 
handful of developing economies, the so-called Asian Tigers, 
GDp per capita is higher than Switzer and's industrial output 
per capita. While the size of gaps is certain y exacerbated by 
the standard method of international comparison chosen 
here, their qualitative nature remains unchanged when meas- 
urement changes. 

The same holds for the salient features of the core ranking 
of countries by industrial output per capita. All the industri- 
alised economies are found in the highest quarter of this 
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ranking. So are three of the four Asian Tigers, and Malaysia. 

In this connection, the outstanding performance of Singa- 

pore is underscored by its being the only developing economy 

among the top ten in terms of domestic-activity level. The 

second quarter of the ranking contains a number of large 

developing countries, among them China, which attained a 

position close to the middle (the median) of the global distri- 

bution by act vity levels. In the lowest quarter all the LDcs are 

clustered with activity levels below a sixth of the average of 

all developing economies. 
When econom es are compared with respect to the inter- 

national level of industrial activity, Singapore moves to the 

top of the world ranking. Apart from individual cases such as 

that of the star-performing Asian Tiger economy, the inter- 

national ranking is quite similar to that produced by the 

domestic assessment. W th respect to both, the evidence is 

that of high levels of industrial activity being the prerogative 

of the industrialised economies — with the most mpressive 

exceptions to this rule constituted by a handful of Asian 

economies. 

Structural traits 

Four out of the six indicators used in this review reflect struc- 

tural properties of an economy, Two of them measure the 

relative importance of industry within the entire economy. 

Their combination gives rise to an indicator of 'industrial 

advance', a tool for assessing the position of an economy in 

the industry dimension. The other two capture, in analogous 
fashion, technology with n industry as well as 'technological 
advance' and allow for country assessment in the technology 
dimension. The interaction of industrial and techno ogical 
advance yields a new indicator, the 'industr al-curn-techno- 

logical-advance' (i7A) index. 

The Ioint criteria of industry-curn-technology lead to assess- 

ments of country groups and of individua countries that par- 

allel those based on activity levels. In particular, within the 
developing world structural differences between regions are 

immense, In an assessment by the nA index, East and South- 

east Asia clearly leads among the developing, r egions, 
whereas differences among other regions are modest. For the 
latter as a whole, the average i7A value remains below a third 

of the level of industrialised economies, despite a remarkable 

inCreaSe Of deVelOping eCOnOrnieS i7A OVer the 1990S. By Can- 

trast, a sample of I. Dcs average an nA value of only about half 

the level of developing economies (excluding East and South- 

east Asia) (Figure 3). 
It is, again, the inter-country comparison that bears out the 

full variation of structural differences in the industry and the 

technology dimensions. For the roughly one hundred coun- 

tries assessed in the review the index of 'industrial-curn-tech- 

nological advance' ranges from a maximum of slightly over 
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0. 5 to a minimum of virtually zero. Once more Singapore 
takes the lead, ahead of industrialised economies, and three 

other Asian economies are among the top ten in the world. 

Overall, there has been 'industry-curn-technology advance' 

between 1990 and 2002, as the number of economies in the 

upper half of the i' range increased from 22 at the begin- 

ning to 28 at the end of the penod. In this increase, 
economies from East and Southeast Asia (among them 

China) are prominent. By and large, the North-South divide 

observed for activity levels is reproduced with respect to 
structural character sties, Industiialised economies sti I dom- 

inate the upper half of the ta range while Asian star-perform- 

ers are moving in rapidly. In the ITA interval between 0. 25 and 

0. 125 — that 's, half of the upper ha f — economies from all 

groups and regions are found, including large countries like 

Turkey, Indonesia and the 'giant' India. On the other hand, 

all the i Dcs (except Bangladesh) covered in the review are 

clustered around the low end. 
Of the two constituents of the notion of ' ndustrial-cum- 

technological advance', the industry dimension plays the con- 

ventional part, both conceptually and with regard to meas- 

urement. This is reflected in the ranking of countries by 

'industrial advance'. Nevertheless, this 'convent anal' assess- 

ment produces some surprise results. Thus, among the top 
ten economies in the ranking, eight are East or Southeast 
Asian countries, while most industrialised economies are 
found in lower ranges. And for half of these surprise-coun- 

tries, which include China, the unexpectedly high ranks are 

the result of a spectacular increase in the 'industrial advance' 
~ndicator over the 1990s. Another astonishing fact is the 
h ghly mixed composition of the lower half of the country dis- 

tribution by industrial advance, which includes even four 
industrialised economies. 

The 'modern' component Of the i' index — that of 'tech- 

nological advance' — produces a considerably wider range 
and a different ranking of economies. While Singapore is 

again the leader, the top ten econom es are equally spread 
between industrialised and (mostly Asian) developing coun- 
tries. The h ghest quarter of the technological-advance rank- 

ing 'belongs' to a large extent to the industrialised 
economies. However, about a third of the economies in these 
high ranks are of developing countries. At the low end of the 
'technolog cal-advance' ranking there are countries from all 

developing regions, except East and Southeast Asia. All the 
toes in the sample are found there, though with some varia- 

tion in the values of the corresponding indicator. 

Finally, taking up the time-honoured analys s of structural 

change, the association between the central structural meas- 

ure — that of 'industrial-curn-technological advance' on the 
one side and the income level on the other is examined. The 
results end plausibility to the notion that 'industrial-cum- 

technological advance', as indicated by the i+A index, starts 
from a low level at low incomes, reaches high rates of 
progress over a fairly wide middle range of income and lev- 

els off at the highest income levels — vvhich bodes well with 

the evolution of is depicted in Chapter 6. 
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The Industrial Development Report 2oo5, UNIDO's flagship publication, addresses two key 
questions. First, why have most developing countries failed to narrow the gap in income 
and productivity with more advanced economies? Second, what strategies and policies 
can those countries adopt to build the capabilities that are necessary for catching-up 
under the current international environment? 

From the perspective of domestic policy making and international cooperation, more 
effort — both in terms of ideas and resources — needs to be directed to structural issues 
so far largely neglected, where substantial degrees of freedom remain vis-a-vis the WTO 

rules. These issues largely relate to the building and co-evolution of domestic institutions 
that promote private sector development and domestic capability building. In a world 

increasingly driven by innovation, framework conditions that are a prerequisite of 
economic catch-up have been transformed so as to encompass the various dimensions 
of innovative development as key ingredient. 

With this in mind, the Special Topic Section of the Report first takes stock of lessons 
learned throughout modern history. On this basis, it then provides a framework for 
operational policy analysis as well as a methodology for the assessment of capability 
building needs to help overcome clear limitations in the current understanding of 
economic development. 

The Second Part of the Special Topic focuses on the interactions between the knowledge, 
business innovation and policyrnaking subsystems, and addresses the policy capabilities 
that are necessary to overcome the often intractable problem of matching demand 
and supply of innovative resources. Two specific areas — food safety requirements and 
standards — are explored to highlight these interactions and test the suggested policy 
analysis framework. 

The Second Section of the Report reviews industrial activity worldwide including meas- 
ures of technological advance following the tradition of previous Industrial Development 
Reports. The interaction of industrial and technological advance yields a new indicator, 
the industrial-curn-technological-advance index, which highlights the significant structural 
differences between and within regions. 

About the cover illustration: 
The graph on the cover, generated by means of a fractal geometry model, simulates a pattern 
formed by three ring vortices playing catch up with one another (also called 'chaotic leapfrogging' ). 
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