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1. INTRODUCTION

Economists classify products by various characteristics to apply and test theories of trade,
location, industrial structure, foreign investment and so on In trade theory, for instance, tests
of the Heckscher-Ohlin theory involve grouping products by factor content (capital or skill
intensity) and relating countries trade patterns to their possession of these factors. Location
models in economic geography focus on features like weight, transportability and linkage
intensity to assess where products will be produced and if they will be traded.? Theories of
trade fragmentation analyzing ‘vertically speciaized’ trade (subdivision of processes for a
given product across countries to exploit differences in wages, logistics and other costs) use
such characteristics as process divisibility and weight-to-value ratios.® Analyses of technical
change, and accompanying applications to industrial structure and performance, distinguish
products by technology intensity (research and development spending, use of scientists and
engineers or patenting). FDI theory uses firm-specific assets like technology or brand names
to explain the propensity of industries to engage in direct investment. And so on: empirical
economics relies heavily on product classification

Product characteristics are also useful in development analysis. As development generaly
entails structural change (a shift of production towards greater capital, skill and technology
intensity), it is important to analyze and trace changes in the production, trade, industrial and
other structures, both within and across countries. With liberalization and globalization, the
pattern and evolution of exportsis attracting greater interest in developing countries. Primary
products are steadily losing their shares of world trade, and within manufactures, technology-
intensive products are growing faster than others (Lall, 2000). In addition, it is widely
believed that technology-intensive exports imply greater development benefits to exporting
countries: they often (though not always, see below) reflect higher skill and technical
endowments in those countries and they imply more rapid transfer and diffusion of new
technology. There is therefore considerable interest in analyzing the technological structure
of exports in developing as well as developed countries. In the latter, it is now commonplace
to compare shares of technicaly advanced prodwcts in production and exports
(Hatzichronoglou, 1997), and a number of institutions — like the US National Science Board,
the OECD and the EU — do so regularly.

As the organization of trade changes with ‘fragmentation’, there is aso interest among
developing countries in entering production networks that have the potential to raise exports
and transfer new skills and technology.* Since, as noted, activities differ in the extent to
which they can fragment, it is useful to analyze ‘fragmentability’ by looking at product
characteristics like process divishility, the vaue-to-weight ratio of components,
technological needs and so on.

While product taxonomies are useful for analysis and policy, existing classifications have
limitations, largely inherent in the industry-level data from which categories are drawn. This
paper illustrates a method of classifying exports — we term it ‘sophistication’ — that does not
require industry data, only information on exports of each product and per capita incomes of

2 See recent reviews by Deardorff ( 2004) and Harrigan and Venables,( 2004).

3 See, for instance, Arndt and Kierzkowski, (2000), Hummels et al., (2001), Lall, Albaladejo and Zhang, (2004).

4 See Lal (2000) and Lall, Albaladgo and Zhang (2004). East Asian exports have grown rapidly and their technological structure
dtered significantly by entry into high technology production networks.
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exporting countries. We cal cul ate sophistication scores for 1990 and 2000 for 237 products at
the 3-digit level (of SITC Revision 2), and for 766 products at the 4digit level. We show
export sophistication patterns for the main developing regions and leading developing and
industrialized countries, and analyze export sophistication in afew selected industries.

Section 2 discusses problems with existing taxonomies, focusing on those dealing with
technology intensity. Section 3 describes the export sophistication technique. Section 4
presents sophistication scores for 181 manufactured exports and relates them to the
technological features of exports (as given by other classifications). Section 5 shows export
sophistication by region and country. Section 6 deas with sophistication at the four-digit
level and applies the measure to four selected industries. Section 7 concludes.

2. CLASSIFYING TRADED PRODUCTS: SOME PROBLEMS

Most product taxonomies are based on data on respective ‘parent’ industries: for instance, a
product is deemed technology-intensive if the industry under which it is classified has greater
technological inputs or outputs than the average for industry. Factor content, in other words,
is assessed by the average intensity of factor use by the parent industry. As the most
commonly used classifications today relate to technology, we use this as the main example
for our discussion.

Industry criteria to classify technology-intensity consist of ‘input’ or ‘output’ measures of
innovation in the relevant product (used singly or in combination). On the ‘input’ side, the
normal measures are research and development (R&D) as a share of sales and the
employment share of scientists and engineers in tota or R&D employment. On the
innovation ‘output’ side, the most common measure is the number of patents (local or
international) taken out by the industry.s Some measures of technology intensity also include
technology ‘embodied’ in the inputs used by the industry.® The requisite data come from
national R&D surveys or patent statistics (patents taken out in the US are used most often);
however, some classifications also use the analyst’s knowledge of technologies or rankings
provided by technical experts.

Technology classifications of trade illustrate the methodological problems.” The main one is
the large difference in the level of detail in data between industry and trade levels. Trade data
are available at highly disaggregated levels. for instance, the Standard International Trade
Classification (SITC) Revision 2, the classification used here because of its broad time and
country coverage, has 236 items at the 3-digit level and 778 items at the 4-digit level. In the
2002 version of the Harmonized System, the new trade data recording system, there are over
1,200 items at the 4-digit level and over 5,000 items at the 6-digit level, and so on. In SITC
Rev 2, meaningful product distinctions can be drawn only at the 3-digit level or more —the 2-
digit level is far too aggregate — but technology data are not available at this level of detail.®
US data on R&D, for instance, are available for only 38 manufacturing industries (NSB,

5 Some measures also combine technology with marketing or capital intensity to yield more complex categories. For areview of 23
classification methods see Kaplinsky and Santos Paulino (2004).

© See Mani (2004). This technique uses input-output matrices to allocate ‘indirect’ R& D performed by input suppliers.

7 See Kaplinsky and Santos Paulino (2004), Mani (2004) and Penender (2003).

8 R&D is difficult to alocate by product &en at the enterprise level because leading R&D performers are large companies whose
research effort spans avast range of products and who publish R& D data for the enterprise asawhole.
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2002). The OECD <cience, Technology and Industry Scoreboard provides cross-country
R&D data for 19 industries.

Matching these to trade data to obtain technology classifications involves considerable
aggregation, lumping together products from the same industria category but with very
different technological features. Thus, telecommunications equipment is a ‘high technology’
activity, but has products that are mature, do not involve intense R&D, or have simple
production processes. Similarly, a ‘low technology’ industry like textiles has innovative
products, while a ‘ medium technology’ industry like machinery comprises the broad range of
both innovative and norrinnovative products. Moreover, the technological characteristics of
activities can change rapidly over time, as innovations transform the product and process
technologies of particular segments. Most aggregations are based on somewhat outdated
information, and so may conceal important technological differences.®

These problems may be reduced by using qualitative information or expert judgment to
classify products at finer levels of detail and to update classifications. However, much
depends on the ability of researchers to obtain comprehensive and reliable information. It
would be expensive to obtain expert opinion on innovationintensity spanning a broad range
of technical disciplines, and experts may differ in their assessment of innovativeness.
Building a consensus and updating expert opinions would be an even more daunting task.
Thus, while qualitative judgment can play a useful role — in the end, technological
taxonomies remain an art rather than a science — they do not lead to rigorous and practical
solutions.

There is another problem in using industry-based taxonomies to analyze trade performance:
the ‘core’ technical characteristics of products may not reflect the technologies used in their
manufacture in a particular location. Trade fragmertation weakens the link between core
technical characteristics and production processes. some of the largest exporters of hi-tech
electronics are low wage countries that only assemble and test final products (advanced
design and component manufacture remains in rich countries). As a result, classifying
semiconductors as high technology leads to the result that the Philippines has a more
technology-intensive export structure than the US or Japan (Lall, 2000). The normal
assumption that products use the same technologies across countries no longer holds when
discrete processes can be separated. Moreover, ‘fragmentability’ varies by activity. Within
the hi-tech group, for instance, electronics is highly fragmentable (nearly 45 percent of world
electronics exports come from developing countries®) while aircraft or pharmaceuticals are
not (their exports remain largely the preserve of rich countries). Gauging the red
technological content of national exports would require data by process rather than product,
but such data are ssimply not available.

While researchers on technology are aware of these problems, they are constrained by the
lack of industry data at the necessary level of detail. However, a recent, as yet unpublished,

 Another problem with R&D or patent data is that neither measures technological activity accurately. Inputs of R&D may
not indicate how effective the research effort is, and patenting does not indicate how valuable a new technology is in
commercial terms. More important, these measures relate to innovation at the frontier and neglect informal technological effort.
However, such informal effort, in quality management, process and product engineering, procurement and so on, is vital to
technical change and competitiveness. In developing countries, most technological effort is informal but its intensity and
effectiveness affects export activity (Lall, 1992). If formal R&D and patent data do not proxy accurately for such effort — and
industries differ in their propensities to undertake ‘minor innovation’ — the usual measures may give misleading information.

10 SeeLall, Albaladejo and Zhang (2004).
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paper attempts to overcome the problem by a different route: Kaplinsky and Santos Paulino
(2004) measure product innovativeness by unit price changes over time, hypothesizing that
innovative products have rising prices while non-innovative ones have declining prices.*
They calculate unit price changes for over 12 thousand products imported by the EU from
1988/9 to 2000/1 and use their results to assess existing technology classifications.*? They
also promise a detailed technology classification of their own in the near future. There are,
however, two important deficiencies in this measure, which the authors note: it assumes away
cost-reducing process innovation (or assumes it to be the same across activities) and it does
not take into account the impact of different degrees of fragmentation between products (or,
again, assumes it to be similar).

This technique gives interesting and plausible results and the promised technology
classification should be very useful. However, its validity depends on the assumption that
unit price changes reflect innovation rather than other factors like demand changes, non
technological barriers to entry, process innovation, fragmentation of the value chain, or
policy-based trade distortions (or that the influence of these other factors is equal across
activities). It is not clear that this assumption is always justified;, where it is not, measuring
technology levels by unit price changes may capture the impact of severa factors apart from
innovation.

3. EXPORT ‘SOPHISTICATION’: RATIONALE AND
METHODOLOGY

We propose a way of classifying traded products which, as with Kaplinsky and Santos
Paulino, does not require industry data. It infers product characteristics from the
characteristics of the exporter rather than from parent industry data on factor content. We call
it export ‘sophistication’: an export is more sophisticated the higher the average income of its
exporter. The rationale of the sophistication measure is simple. In the absence of trade
interventions, products exported by richer countries will have characteristics that allow high
wage producers to compete in world markets. These characteristics clearly include
technology as an important determinant, but they aso include other factors. The main factors
affecting export location are:

Technology: Advanced technology is probably the main source of competitiveness of
high wage countries. ‘ Technology’ here means not just (R& D-based) product or process
innovation, but also the ability to handle technologies efficiently (production capabilities)
and improve them ower time (minor innovation), realize scale and agglomeration
economies, organize suppliers efficiently or tap efficient supply chains. Products that
need advanced technologies in all these forms will tend to be exported by countries that
have the requisite skills, technological capabilities and strong innovation systems
supporting enterprise technology (R&D institutions and universities, strong intellectual
property protection, good quality and metrology institutions and tight links between firms

11 Asthey put it, " Therationale for using unit prices as an indicator of competitivenessis that it harks back to Schumpeter’ s discussion
of innovation — low barriers to entry dlow competitors into the market which has the effect of driving prices (and hence incomes and
margins) down... [T]here is a direct relationship between unit price performance and innovative capabilities — rising unit prices are said to
reflect growing product innovation and/or margins protected by barriers to entry, and conversely, falling unit prices reflect the inability to
erect barriers to entry and/or to augment products.” Kaplinsky and Santos Paulino (2004), p. 2. We are grateful to Professor Kaplinsky for
sending us drafts of his paper.

21t is gratifying that the classification developed by one of the present authors (Lall, 2000) works best at distinguishing innovative
products when assessed against unit price data.
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and technology institutions). Thus, high sophistication will tend to reflect technological
complexity, in turn capturing technical effort, skills, supply chains and innovation
systems.*

Marketing: Advanced design and packaging, strong product branding, customization of
products to demands of customers, control over distribution channels. Highly
differentiated products will tend to be exported by rich countries, though increasingly if
production is not technology-intensive it will tend to be relocated in lower wage areas
while design and marketing remain in rich ones.

Logistics and proximity: Transport costs significantly affect the location of export
production for products with high weight-to-value ratios or rapid delivery requirements.
Since rich countries are the main markets for most exports, the location of production can
reflect proximity advantages.

Fragmentability: In activities where production processes are divisible (and logistics
suitable) the location of export production can reflect the technical posshilities of
separating segments and placing them in low wage countries. Thus, high sophistication
scores can reflect the low fragmentability of particular products and low sophistication a
high degree of fragmentability.

Information and familiarity: The location of sourcing of products by major markets may
reflect information on the production capabilities of particular countries, familiarity with
their business systems and procedures, language, legal systems and so on.

Natural resources. Resource-based exports often (but not in every case) depend on the
local availability of primary resources. High wage economies will be significant exporters
of those products for which they have ample resources, or where they are more efficient
in using new technologies than poorer competitors.*

Infrastructure: Some products require advanced infrastructure, particularly ICT, to be
competitive. Only countries able to provide and operate such infrastructure can be
competitive.

Value chain organization: As global trade becomes organized in tighter-knit value
chains,** the origin and organization of particular chains may influence geographical
sourcing patterns. While value chain leaders (buyers, multinationa investors or
subcontractors) will respond to the factors noted abowve, there may be company-specific
idiosyncratic factors that affect the choice of suppliers or location of subsidiaries.

These are the economic factors affecting the location of export production, and so the
sophistication of each product. In addition, policy factors may also matter: trade restrictions
and subsidies, trading blocs and trade preferences can affect where export production takes
place. For instance, the quota system imposed by industrialized countries in textiles and
clothing has affected the location of the exports between devel oped and developing countries
and within the developing world; subsidies to and protection of agriculture by rich countries

13 Note that we conflate technology with skills, but they are normally treated as separate factorsin trade models.
14 |_eading exporters of primary products and resource-based manufactures are rich countries like the US, Canada, Austraiaand so on.
15 On the nature and determinants of valuechains see Gereffi, Humphrey and Sturgeon (forthcoming).



QEH Working Paper Series— QEHWPS 123 Page 7

has held back exports by developing countries, trade blocs like NAFTA have affected the
location of export activity in Latin America; preferences to banana and sugar exporters by the
EU have supported inefficient producers in former colonies, and so on.

The sophigtication index is thus an amalgam of these influences and not a specific
technological measure. Technology is clearly a magjor factor in the index, but its role cannot
be separated from that of other factors (at least without product-level data on each factor).
While this is a drawback as a technological taxonomy, it is often possible to discern
qualitatively how technology interacts with other determinants of export location. It is
therefore possible to draw interesting insights from the index.

Table 1 shows a simple matrix of technology intensity (only divided between high and low)
and export sophistication (high sophistication indicating that the product is exported mainly
by rich countries). Products ranking either high or low in both technology and sophistication
are typical of what standard trade theory predicts. rich countries have a comparative
advantage in products using advanced technologies (and skills), poor ones in products using
simple or mature technologies. The two other combinations are more interesting. That of high
technology with low sophistication suggests that the production process is fragmented. That
of low technology with high sophistication suggests that the products have specific natural
resource, logistical or other needs that are out of reach of poorer countries — or that they are
subject to policy interventions that deter their shift to low wage locations. The high
technology, low-sophistication combination provides a way of mapping fragmentation more
clearly and comprehensively than by anecdotal evidence on global value chains.

Table 1: Export sophistication and technology intensity

Technology level Sophistication level
Low High

Low Technologically simple products whose Technologically simple products whose

export production has shifted to low wage export production remains in high wage
aeas areas because of trade distortions, resource
availability, logistical needsto be near main

markets

High Technologically advanced productswith | Technologically advanced products without

fragmentable processes |ocated in low fragmentable processes where high wage

wage areas countries retain strong comparative
advantage

Note: The sophistication level is based on the average income of the exporter of a product, the level rising with income. The
technology level isbased on the R& D intensity of the core industrial process.

Another advantage of this technique is that, by allowing changes in exporter incomes (and so
location between rich and poor countries) to be traced over time, it can permit analysts to
track how various factors are interacting in the trade arena. In this paper, we present the
scores for an index that covers all countries, but it is possible to construct more specialized
indices that distinguish between country groups. For instance, a useful index for development
purposes would be one that focused on location within the developing world, say between
medium and low income countries.

Sophistication analysis can aso help competitiveness policy. More sophisticated products
presumably embody greater skills, more advanced technologies and higher levels of
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processing in the value chain than less sophisticated ones.* It is thus desirable for countries to
move up the sophistication ladder as they grow and the mapping of sophistication at detailed
levels within industries may point to desirable patterns of upgrading. To the extent that such
upgrading does not happen automatically with rising wages because of skill, technology,
marketing or other deficiencies, there may be useful pointers to the need for policy support.

How is the sophistication index calculated? At the product level, the sophistication measure
uses data on exports by al countries (separately) and the income level of each exporter. The
sophistication score is calculated for each product by taking the weighted average (the
weights being each country’s shares of world exports) of exporter incomes. The scores are
normalized to yield an index ranging from zero to 100. Scores can be calculated at any level
of detail and, a magjor advantage for econometric analysis, are unique to each product.
Problems of matching trade and industrial data at the disaggregated level do not appear: it is
possible to distinguish products without having to use detailed industry data or qualitative
criteria (though such data or judgment are needed if we wish to disentangle the factors
affecting sophistication).

We calculate sophistication scores for 237 products at the 3-digit level and 766 products at
the 4-digit level (SITC Rev 2) for 1990 and 2000. We start with exports (from UN Comtrade)
for each product by 97 countries (all those with significant exports and also data for both
years). To obtain an average value for exporter incomes, we divide these countries into ten
income groups (using World Bank data on nomina per capita GNI) in each year (the
composition of the groups differed as countries moved up or down the income scale). We
multiply the share in world exports of each product for each income group by the group’s
average income to get a dollar value for each product. This is a unique dollar value for each
product given by the weighted average income for the 10 income groups. We then
standardize each dollar value to range between 0 and 100. The product with the highest dollar
value out of the 237 products is set at 100 and the product with lowest at zero. This yields a
unique score for each product; the whole range of scores provides the index.

Table 2 Illustration of sophistication index calculation

Product (year) Income groups Average income (US$) Share of exports (%) Unique scores (US$)

1 31,482 12.73% 4,008

2 24,090 54.70% 13,177

3 15,223 14.78% 2,249
SITC 001 4 7,712 5.67% 438
Live animals 5 4,242 3.00% 127
(Cgb%fg for food 6 2,807 1.41% 40

7 1,819 1.32% 24

8 1,111 1.27% 14

9 548 5.12% 28

10 283 0.00% 0
Total 100% 20,106

Table 2 illugtrates the calculation. The genera formula we apply to derive the sophistication
index is

16 They aso enjoy better unit -price performance than products exported by poorer countries. Kaplinsky and Santos Paulino, 2004, find
“aclear inverse relationship between per-capitaincomes of country groups and the unit-price of their exportsto the EU” p. 3.
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Sl (i) = 100* (US (i)-US (min))/(US (max)-US (min))
where
Sl is the normalized sophistication index of product (i)
US s the unique sophistication score as a dollar value for product (i)
US (max) is the maximum unique sophistication dollar value for all products
US (min) is the minimum unique sophistication score dollar value for all products.

In thisillustration in 2000 the unique score of product 001 is $20,106. To normalize this
following the above formula we require the maximum and minimum scores fro all products.

Product 951 has the highest unique score of al ($27,964), while product 264 has the lowest
unique score value ($2,516). The normalized score of product 001 is 69.12, which is the
sophistication index of product 001. Thisis derived as

S| (001) = 100* ( US(001)-US(264) )/( US(951)-US(264) )
= 100*(20,106-2,516)/(27,964-2,516)
= 69.12

We focus initially on 181 manufactured products at the 3-digit level, as primary exports do
not raise significant issues on technology or location of export activity, before discussing
products in more detail at the four-digit level. For ease of presentation and analysis, we group
the 181 products into six sophistication categories. We do not apply any a priori criteriain
allocating products to these six groups: the total number is ssmply divided into sets of 30 each
(31 for the last group) along the sophistication scale.

We use product sophistication data to calculate country and regional sophistication scores
(again at the 3-digit level), weighting each country’s or region’s exports by the share of each
product in its total exports. We calculated such scores for 30 countries at different levels of
development and for all major developing regions.

These country and regiona sophistication scores are useful in tracking national performance
over time and benchmarking against other countries and regions. As discussed below,
however, the interpretation of sophistication scores is not straightforward (say, in contrast to
technological shifts, where a move up the scale is generally thought desirable). While there is
a presumption that raising sophistication at the product level is beneficial — it implies making
more advanced products and using more advanced processes — higher sophistication need not
imply higher rates of export growth. There is no a priori expectation that products made by
richer countries grow faster than those made by poorer ones; in fact, in the presence of rapid
fragmentation and the shift in location of activities more generally, there are good reasons for
the opposite. We return later to these issues.

Nevertheless, within product groups where growth rates are not an issue, the presumption that
higher sophistication is desirable seems more defensible. Within apparel, for instance,
products exported by rich countries — or processes undertaken by them — are likely to be more
skill and technology intensive, and yield higher wages and margins, than standardized
products exported by poor countries. Competition is likely to be fiercer and margins finer in
the latter, and, as Kaplinsky and Santos Paulino suggest, lower entry barriers are likely to
place much more pressure on prices.
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4. PRODUCT SOPHISTICATION SCORES

Annex Table 1 shows the sophistication scores for 181 manufactured exports at the 3-digit
level in 1990 and 2000, ranked by the 2000 score. It aso shows export vaues, world market
shares and growth rates. Scores at the 4-digit level would take too much space to show here
but are available from the authors on request (some findings are discussed in Section 6).*

There is a genera decline in sophistication scores over time as developing countries raise
their share of world exports (for manufactures as whole, their share goes from 13% in 1980 to
16.6% in 1990 and 26.8% in 2000 (UNIDO, 2004)).** Only 18 products show a rise in
sophistication. This decline does not have any technological connotations: it does not mean,
for example, that production processes are becoming less technology or skill-intensive or that
technical progress is slowing. In fact, it is likely that with technical change, most processes
are becoming more complex and have higher entry levels for competitive production. The
decline in sophistication simply reflects the growth of industrial capabilities in latecomer
(lower income) countries that allows them capture market shares in gradually more complex
activities, as well as the fragmentation of simpler processes in very advanced activities.

While export production is shifting to lower income sites, not all developing countries,
particularly the lowest wage economies, are gaining. On the contrary, export success is
accompanied by increasing concentration in the developing world: the share of the top 15
exporters in total manufactured exports by developing countries, for instance, has risen from
91% in 1990 to 94% in 2001.** Most dynamic exporters are middle-income countries (China
is the only low income country in the dynamic group) and most are in East Asia (Mexico is
the outsider after the formation of NAFTA). Most low-income countries remain margina to
the dynamics of manufactured trade. The sophistication index as presently constructed does
not capture this facet of export relocation, though it is possible to construct one that
distinguishes between income levels within the developing world.

Consider the characteristics of the most and least sophisticated products. Level 1, with the 30
most sophisticated exports, includes complex, technology-intensive products like arms and
armoured fighting vehicles, precision instruments, aircraft, auto engines and pharmaceuticals.
Level 6, with the 31 least sophisticated products, has simple products like textile and clothing
products, footwear, travel goods and toys, as well as resource-based products like jute that
can only be produced by poor countries. In broad terms, resource availability apart,
technology levels seem to explain a significant part of the distribution of sophistication
scores. As Annex Table 2 shows, most high and medium technology products score relatively
high on the sophistication scale while most lowsophistication products are from the low
technology or resource based technology categories.>® There is no low technology product in
the top two sophistication groups, and no high technology product in the bottom two. This is
reassuring: the predictions of received trade theories are largely valid.

7 The data can be requested from Professor Lall at sanjaya.lall @economics.ox.ac.uk

18 The decline in scores is tempered by the fact that most major developing country exporters move up the income scale. If we had
retained the income groups based on 1990 incomes, the decline would appesar greater.

% These countries are, in descending order of export values in 2001, People’'s Republic of China, Korea, Mexico, Taiwan China,
Singapore, Malaysia, Thailand, Indonesia, Brazil, India, Philippines, Turkey, South Africaand Hong Kong, China. The calculation is based
on Comtrade data.

20 The technology classification is an adapted version of the one dev elaped by Lall (2000).
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However, many products do not conform to a priori expectations, and we may speculate
about their location determinants. For instance, manufactured tobacco is in group 1 in 1990
(though it declines to group 2 by 2000): a product with mature and stable technology, and
with most raw materials coming from poor countries, it is exported mainly by rich countries
presumably because of its continuous and capital-intensive processes, the importance of
marketing (cigarette branding) and perhaps trade barriers. ‘Essential oils, perfumes and
flavours’ aso appear fairly high (in group 2 in 2000, having noved up from group 4) and
increase their sophistication, not because of technological innovation but the significance of
marketing and perhaps specialized skills. Chocolates, though based on raw materials from
poor countries, are in group 1 (and rising in sophistication) probably for similar marketing
and skill needs. Some resource-based products like paper, sated fish, animal fats or cheese
have high sophistication because their raw materials are located in rich countries, or because
these countries are exceptionally efficient at producing them (cereals). Some, like milk or
butter, reflect distortions caused by government subsidies to and protection of the agricultural
sector.

Among low technology products, the ‘fashion cluster’ segment (textiles, clothing and
footwear) starts low in the index but spans a wide range. The most sophisticated product is
special textile fabrics (at rank 113), presumably industrial fabrics with advanced
technologica needs, followed by lace and embroidery (at 125), requiring a long accumulation
of gpecial skills. Standard textile and apparel exports like woven cotton fabrics,
undergarments or nortknitted outerwear figure in the bottom 30 in the ranks. Some medium
technology engineering products like radio recelvers are very low in the sophistication ranks
because their technologies are mature and standardized, alowing production to be located
overwhelmingly in low wage countries.

High technology electronics products like semiconductors, office machines, automatic data
processing (ADP) machines and telecom equipment are of particular interest. These are R&D
intensive activities with complex manufacturing processes for critical components, but they
move rapidly down the sophistication scale and by 2000 al are in sophistication group 4
(semiconductor at rank 98, ADP at 107 and office machine and ADP components at 115)
apart from telecom, which isin group 3 (rank 89). This is clearly the outcome of production
fragmentation, which started with final assembly but over time is degpening into the transfer
of core component manufacturing in lower income countries, primarily in East Asia. While
clearly responding to factor cost differences, the industry is unlikely to keep moving down
the wage scale to the least developed countries, say in Africa, because its minimum entry
levels are now much higher than when fragmentation started in the late 1960s and first
movers have established strong scale, scope and agglomeration advantages.

Other engineering industries like automobiles, industria capital goods or aircraft also have
discrete processes that can be separated economically, but are not fragmenting as much as
electronics. The reasons may lie in higher skill needs, greater agglomeration economies,
lower transportability (higher weight-to-value ratios) of components and the absence of
simple assembly processes that can be easily relocated. Electronics has been something of an
outlier among technology-intensive industries in the fragmentation process, a fact that shows
up clearly in the sophistication index.

2 SeeLall, Albaladejo and Zhang (2004).
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The performance of electronics is of particular interest because export values are very large
and their growth very rapid.# The spread of their production networks raised dramatically
export earnings by some countries.® In 1990, total exports of these four products came to
$231 billion (9% of world manufactured exports); by 2000, they had reached $830 billion
(17%). They were among the world’s six largest manufactured exports in 2000 (the other two
being passenger cars, in first place, and refined petroleum products, in fifth). Their dynamism
has had a significant effect on the sophistication scale, creating a ‘bulge’ in the levels (3 and
4) that they inhabit.

Table 3: World exports by sophistication levels

Sophistication Value ($ millions) Distribution Growth Rate
level 1990 2000 1990 2000 1990-2000
Leve 1 657,248.2 981,123.2 25.5% 20.1% 4.1%
Level 2 556,036.7 788,901.5 21.6% 16.2% 3.6%
Level 3 443,921.6 938,816.5 17.2% 19.2% 7.8%
Level 4 307,429.8 1,098,440.2 11.9% 22.5% 13.6%
Level 5 242,141.0 583,404.1 9.4% 11.9% 9.2%
Level 6 368,632.8 491,371.6 14.3% 10.1% 2.9%
Total 2,575,410.1 4,882,057.0 100.0% 100.0% 6.6%

Table 3 shows the distribution and growth rates of world manufactured exports by
sophistication levels in 1990 and 2000 (the products are categorized here by the
sophistication levels in each year separately, unlike Annex Table 1 which shows groups
according to 2000 ranks only). The largest category in 2000 is level 4, which contains
semiconductors, ADP equipment and accessories for ADP and office machines. The next
largest category is level 1, but this grows relatively slowly and loses market share over the
decade. The best ‘positioning’ for export growth is in categories 4, 5 and 3, where middle-
income countries are the main exporters.

The smallest — and slowest growing — category is level 6, the one the poorest countries
dominate.> These products are evidently not benefiting from the technological and relocation
forces that now drive trade dynamism. There are many reasons for this, including political
instability, poor governance and wesk infrastructure. They also include technological ones:
most of these countries are unable to develop the necessary capabilities for their economies to
compete on their own or to datract FDI into efficiency seeking activities. The slow growth of
their earnings may, as Kaplinsky and Santos Paulino (2004) suggest, also reflect the fact that
they suffer most from declining export prices.

Despite the shifts in product sophistication rarks, there is considerable stability in
sophistication scores between 1990 and 2000. The correlation coefficient is 0.88, suggesting
that export location has considerable inertia. There is, however, no statistically discernible
relationship between export gowth rates and sophistication. A rise in product sophistication
may be desirable in terms entering higher value processes and products, but this applies

22 Three of these dectronics products (semiconductors, telecom equipment and components of office and ADP machines) were the
fastest growing exportsin the world in 1990-2000 with the exception of optical products (arelatively small value export). Thelast product,
ADP machines, came sixth, with pharmaceuticals and el ectric power machinery, doing slightly better.

2 The major beneficiaries were East Asia, which accounted for over 90% of developing world exports of dectronics in both 1990 and
2000. Inthelatter year, electronics products accounted for around one-third of their total manufactured exports.

24 CHINA wasin the lowest income group of the ten groupsin 1990 but had moved to the top of the 9" group by 2000.
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within given activities or products. When considered across products, there is no effect of a
rise in sophistication on export growth.

5. REGIONAL AND COUNTRY SOPHISTICATION PERFORMANCE

We now consider regional and national export sophistication, starting with the regional level.
Table 4 shows the overall scores of the main regions for 1990 and 2000, rarked by the score
in 2000. The average score covers all manufactured exports at the 3-digit level (the method
for obtaining the score is described earlier). The regions are constructed to take account of
outliersin each: Chinain East Asia, Mexico in LAC, South Africain SSA and Indiain South
Asia The transition economies are excluded because of large data gaps for 1990.%

Table 4: Regional sophistication scores (ranked by 2000

SCOre)
Region 1990 2000
N America 84.06 74.47
W Europe 80.86 71.88
LAC 1 (including Mexico) 69.14 64.91
E Asia 2 (excluding China) 69.95 64.83
E Asial (including China) 69.18 62.78
LAC 2 (excluding Mexico) 65.87 61.28
SSA 1 (including South Africa) NA * 59.55
SSA 2 (excluding South Africa) 59.17* 55.93
MENA 62.60 55.72
SAsial (including India) 58.53 50.68**
S Asia?2 (excluding India) 53.51 39.73**

Notes: * There are no export datafor South Africafor 1990; this
iswhy the SSA 1 and SSA 2 scores areidentical.

** South Asian data for 2000 includes export datafor 2001 for
Bangladesh and Sri Lanka, which are missing 2000 data.

As expected, the two highly industrialized regions lead the scores in both years, with N
America having a more sophisticated structure than W Europe. Both see a significant
decrease in sophisticaion levels. In the developing world, LAC1 has the highest
sophistication level in 2000 though in 1990 it dightly lagged East Asia, both including and
excluding China. However, if we exclude Mexico (with its rapid growth of maquila activities
in electronics and other industries) the region fals behind EA in both years. EA 2, excluding
China, does better than EA 1 because of China s speciadization in lower technology products.

Rather surprisingly, SSA, with and without South Africa, does better than MENA and South
Asia: three of its mgor exports (wood roughly worked, wood slegpers and processed foods)
are in sophistication level 3, and its largest single export (precious and semi-precious stones)
arein level 5. The region’s rank, in other words, is not based on technological sophistication
but the distribution of certain resource-based products in richer countries. MENA comes
ahead of South Asia because the former’s main exports (petroleum products) are in level 5
while South Asia’s main exports (standard textiles and clothing) fall in level 6.

% The acronyms are as follows: LAC 1 is Latin America and the Caribbean including Mexico, LAC 2 excludes Mexico. EA 1 is East
Asia including China and EA 2 excludes CHINA. SSA 1 is Sub-Saharan Africa including South Africa and SSA 2 excludes South Africa.
MENA stands for Middle East and North Africa, and includes Turkey. S Asia 1 is South Asia including India and S Asia 2 excludes India.
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All developing regions see a decline in sophistication levels, with the most marked decline in
South Asia 2: Pakistan, Bangladesh and Sri Lanka are even more dependent on textile and
clothing exports than India. While Bangladesh and Sri Lanka have done relatively well in
terms of export earnings from these products, the sophistication group as a whole is growing
dowly. Moreover, the impending abolition of the Multi-Fibre Arrangement (which drove
buyers to source in these countries) may affect adversely their export growth prospects.

Figure 1: Evolution of regional exports by sophistication levels
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LAC has steady shares of levels 1 and 2 (at higher levels than in EA, mainly because of the
weight of automotive products in exports and also of aircraft exports by Brazil), and thereisa
rise in sophistication in levels 3, 4 and 5, with a decline in level 6.2 While this pattern of

28 Note that while the share of level 3 exportsin EA islower than in LAC, the value of EA’ s exports of level 3 products like electrical
machinery and telecommunications apparatus are very large, over 2.5 times larger than LAC in vaue. A very large part of LAC's
sophisticated exports come from Mexico, and its assembly operations distort the picdure for the rest of the region.
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export evolution seems very desirable, it goes hand in hand with relatively low rates of
growth and, more important, with little progress in level 4 that contains the main dynamo of
recent export growth. We should also reiterate that the picture for LAC is strongly influenced
by Mexican performance.”

South Asia's very low sophistication and the stagnation in its export structure over time are
evident in the figure. SSA and MENA have similar bulges in level 5 exports because of the
rise in processed petroleum and gem exports, while the rest of its export structure remains
stagnant.

Table 5 shows world market shares (WMS) of manufactured exports for the main regions by
sophigtication levels. East Asia (including China) has a significant globa presence in all
sophistication categories, with around one-third world market share in levels 4 and 6 and one-
fifth in level 5. South Asia has a very low presence in levels 1 to 4, with dlightly higher
shares in 5 and particularly 6. LAC's market presence is spread relatively evenly, with a
focus on levels 6, 5 and 3. MENA has a dightly larger overall market presence than South
Asia, with its main focus on level 5. SSA is the smallest player, but its pattern is rather
similar to that of MENA.

Table 5: World market shares of manufactured exports by sophistication
levels, 1990-2000

SL1 SL2 SL3 SL4 SL5 SL6 Total

1990
EAsal 3.4% 79% 120% 131% 206% 26.6% 12.0%
SAsial 0.1% 0.3% 0.2% 0.3% 1.6% 3.6% 0.8%
LAC1 1.1% 1.6% 1.6% 1.7% 3.0% 6.2% 2.3%
MENA 0.1% 0.1% 0.4% 0.4% 1.1% 1.5% 0.5%
SSA 1 0.0% 0.0% 0.0% 0.1% 0.2% 0.7% 0.1%
W Europe 525% 533% 504% 514% 458% 36.9%  49.3%
N America 207% 174%  162%  15.2% 9.5% 6.2%  15.4%
ROW 221% 194% 192% 17.8% 182% 184%  19.6%

2000
EAsal 5.6% 83% 166% 327% 205% 342% 18.9%
SAsal 0.4% 0.3% 0.4% 0.3% 2.2% 5.7% 1.1%
LAC1 3.1% 4.2% 5.7% 3.5% 7.2% 9.1% 5.0%
MENA 0.3% 0.6% 0.4% 0.7% 4.6% 3.5% 1.3%
SSA 1 0.2% 0.5% 0.4% 0.3% 2.3% 1.6% 0.7%
W Europe 504% 523% 421% 31.9% 39.9% 294% 41.6%
N America 258% 175% 188% 152%  10.4% 6.3% 16.9%
ROW 143% 163% 155% 154% 13.0% 10.3% 14.5%
Note: ROW standsfor ‘rest of the world’ and includes Japan, Australasia and transition

€Cconomies.

At the country level, we calculated sophistication scores for 30 economies at varying levels of
development. Table 6 gives the scores ranked by 2000 scores. The US has the highest score
in 2000, up from second place in 1990, exchanging places with Japan. Germany retains third
place in both years. The UK, Ireland and Finland exchange ranks in the next three places.
Singapore |leads the developing world in 2000, but Mexico led in 1990; both have high shares
of hi-tech exports but Mexico has a significant share of low technology textiles and apparel.

2" For amore detailed analysis see Lall and Weiss with Oikawa (2004).
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At the bottom of the list are South Asian countries with their overwhelming reliance on
clothing exports.

Table 6: Country export sophistication (ranked by

2000 scores)
Score 1990 2000
1 USsA 84.44 74.83
2 Japan 85.14 74.62
3  Germany 83.87 74.57
4 Ireland 79.89 73.88
5 UK 81.82 73.59
6 Finland 82.84 72.97
7 Singapore 74.59 68.11
8 Maexico 80.38 67.42
9 Tawan 73.37 67.05
10 Korea 69.21 66.52
11 Argentina 66.90 64.64
12 Brazil 67.69 64.22
13  Philippines 60.53 64.08
14 Maaysia 68.08 63.43
15 South Africa 68.46 62.59
16 CostaRica 69.26 62.51
17 Thailand 65.12 61.88
18 Saudi Arabia 65.79 59.70
19 Chile 65.16 57.16
20 China 65.04 56.55
21  Egypt 62.61 55.43
22 Indonesia 57.33 55.37
23 India 61.05 55.21
24 Turkey 60.28 54.27
25 Hong Kong 67.62 53.74
26 Syria 62.49 50.00
27 Morocco 59.87 48.32
28 Pakistan 55.24 41.61
29 S Lanka 54.60 41.50
30 Bangladesh 46.62 35.64

While the general configuration is as expected, there are interesting deviations. To explore
these, we ran a linear regression between income levels (per capita gross national income
from the World Bank Indicators) and export sophistication levels for the two years. The
adjusted R squares were high in both and the regression coefficients were significant at the
99% confidence level. The 1990 regression produced a better fit (adjusted R =0.672) than in
2000 (adjusted R =0.461), suggesting that over the decade fragmentation and local capability
development led to greater divergence between income levels and export patterns.

Figure 2 shows the divergence between actual and predicted sophistication scores in relation
to income for both years, ranked by 2000 figures. Bangladesh has the highest divergence
between actual and predicted sophistication scores in both years, with actual sophistication
being much lower than its predicted level. Thus, even at its low income level, Bangladesh
should have had a more sophisticated export structure. Hong Kong comes next in 2000. A
relatively rich country (in the top group in 2000) its export structure is highly biased towards
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simple labour-intensive manufactures (and its exports have been declining, see below),
clearly out of line with itsincome levels. Lall (1996) argues that thisis largely the result of its
fallure to upgrade industrial technologies as its wages rose, in turn due to a laissez faire
industrial policy. However, it has been able to sustain high incomes because of the growth of
services aimed at China.

Figure 2: Difference between actual and predicted sophistication scores
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At the other end of the spectrum are countries whose export sophistication is much higher
than predicted by their incomes. Ireland leads the list in 2000 and Mexico in 1990, the former
because of its gpecialization in eectronics and pharmaceuticals, the latter because of
automotive products and various types of machinery and electronics. Most East Asian ‘Tiger’
economies also have higher sophistication levels than predicted by their income levels. The
Philippines switches from lower than predicted to higher than predicted sophistication over
the decade as its exports move from apparel and other low technology items to
semiconductors and automotive components. Singapore, on the other hand, switches the other
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way, because at its relatively high income level a heavy specialization in electronics pulls

down its sophistication level.

In the industrialized world, Finland switches from lower to higher than predicted export
sophistication because of its strong performance in telecom equipment (in sophistication level
3). The USA and Japan have lower than predicted sophistication in both years due to the
large share in their exports of fragmenting products like electronics. The UK and Germany,
with stronger speciaization in less fragmented products pharmaceuticals, machinery and
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automotives, have more sophisticated exports than predicted by their incomes.

Table 7: World market sharesfor manufactured exports by sophistication
level
1990 | 2000 | 1990 | 2000 | 1990 | 2000 | 1990 | 2000
China Korea Tawan Singapore
Leved 1 | 041% 1.30% | 0.71% 1.04% | 0.87% 1.08% | 0.78% 1.23%
Level 2 | 1.52%  1.36% | 1.28% 2.71% | 1.71% 1.52% | 1.45% 1.22%
Level 3 [ 0.83% 3.88% | 220% 3.15% | 3.79% 3.15% | 2.92% 1.99%
Leve 4 [ 0.98% 4.68% | 3.78% 6.10% | 254% 6.01% | 1.97% 6.57%
Level 5 | 415% 7.18% | 491% 3.52% | 533% 2.36% | 1.27% 2.65%
Level 6 | 547% 15.49% | 4.70% 3.62% | 3.03% 2.66% | 3.70% 0.95%
Total 187% 4.70% | 242% 3.41% | 248% 297% | 1.90% 2.72%
Hong Kong Malaysia Thailand Indonesia
Level1 [ 0.26% 0.16% | 0.23% 0.33% | 0.08% 0.23% | 0.03% 0.12%
Level 2 | 1.03% 0.16% | 0.45% 0.36% | 0.31% 0.45% | 0.08% 0.47%
Level 3 [ 1.08% 0.28% | 0.40% 1.72% | 0.64% 1.35% | 0.10% 0.66%
Leved 4 | 043% 0.39% | 2.16% 4.16% | 0.66% 1.82% | 0.32% 0.73%
Level5 | 1.42% 0.25% | 1.35% 1.38% | 1.04% 1.29% | 0.77% 1.42%
Level 6 | 295% 2.23% | 1.66% 2.24% | 2.08% 257% | 2.15% 3.08%
Total | 1.08% 0.45% | 0.85% 1.78% | 0.67% 1.20% | 0.46% 0.87%
Philippines Mexico India Brazil

Level1 [ 0.01% 0.12% | 053% 1.77% | 0.10% 0.33% | 0.48% 0.91%
Leve 2 [ 0.06% 0.06% | 0.61% 3.02% | 0.25% 0.25% | 0.63% 0.64%
Level 3 [ 0.06% 0.38% | 047% 3.99% | 0.18% 0.41% | 0.57% 0.85%
Level4 | 0.29% 2.25% | 0.44% 242% | 0.22% 0.25% | 0.54% 0.34%
Level5 [ 0.30% 0.38% | 0.52% 3.08% | 0.71% 1.98% | 1.30% 1.00%
Leve 6 | 0.59% 0.90% | 0.46% 4.15% | 2.38% 2.93% | 2.56% 2.23%
Total 017% 0.75% | 0.51% 2.94% | 0.54% 0.77% | 0.91% 0.87%

We now look at the export sophistication performance of leading newly-industrializing
countries. Table 7 shows world market shares (WMS) of selected NIEs by sophistication

level. Some salient features of the data are:

0 The three mature Tiger economies with strong industrial sectors (Singapore, Republic of
Korea and Taiwan, China) hold the highest — and surprisingly similar — WMS in level 4
products.?? All three lose WMS significantly in the bottom category, and Korea and
Taiwan, China also in level 5, a category where Singapore raises its WMS because of

booming petroleum products exports.

2 Singapore’ s WM S is exaggerated because its exports include substantial re-exports (around 40%).
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0 Korea makes the largest improvement of the mature Tigers in highly sophisticated
products (levels 1 and 2), Taiwan the least. Hong Kong loses ground in all segments.

0 China has a sophistication profile matching its low income: in 2000, its highest WMS is
in level 6 and its WMS declines steadily at progressively higher levels of sophistication.
However, its largest percentage gains are in levels 3 and 4, driven not just by eectronics
products but also a vast range of other engineering products that denote high industrial
capabilities.

0 Malaysiaand the Philippines show a profile similar to the three mature Tigersin terms of
a bulge in level 4, but both retain relatively large level 6 exports. Both show significant
rises in level 3 because of telecom exports (the dramatic percentage rises in Philippines
level 1 exports are due to booming auto components, but should be discounted because of
the small initia base).

0 Indonesia, the most resource-rich economy in East Asia and also the poorest (its GNI per
capita is lower than in China by 2000 in dollar terms), is concentrated in sophistication
levels 5 and 6. It has large increases in levels 1 to 3, but the small base exaggerates its
real gains.

0 Mexico has the largest percentage increases in WMS over the decade, turning from a
typical Latin American economy with modest export growth into a Tiger in the Asian
mould with rapid export growth (Lall, Weiss and Oikawa, 2004). However, Mexico has
interesting differences from the typica East Asian Tiger. Its WMS structure is evenly
spread over all sophistication levels in both years and sees large rises in al levels. Unlike
the mature Tigers, it has a large increase in the lowest sophistication level (level 6). Its
dynamism is due largely to trade privileges granted by NAFTA, but it has tapped them in
different ways. Thus, its passenger car and auto component exports (driving its rises in
levels 1 and 2) are the result of restructuring a long-established import substituting
industry. Its growth in levels 3 and 4, by contrast, is based on the recent relocation of
electronics assembly activity (with very low local content relative to than counterparts in
East Asia). Its growth in level 5 is based on a mix of different types of non-electronic
machinery and components, and in level 6 on textile and clothing, all driven by out-
sourcing for the US market.

o India and Brazil concentrate in the lowest sophistication level, but in quite different
products. India specializes in this level mainly in textile and apparel products, while
Brazil speciaizes in iron ore, footwear and food products. Brazil has a dightly better
showing in level 1 because of its aircraft and auto exports, while Indian exports consist
mainly of pharmaceuticals. In level 5, India specidizes in gems (cut diamonds) and
jewellery, while Brazil is in wood products, ingots and petroleum products. India raises
its overall WMS (and significantly in levels 1, 3 and 5) while Brazil loses overal WMS,
particularly in the bottom three categories.

It is instructive to compare the WMS profile of the NIEs with that of industrialized countries
like Japan, the US, Germany and Finland (Figure 3). The three large developed economies
have a similar spread of market shares, highest in level 1 and lowest in level 6. However, they
have somewhat different patterns and evolve differently over the decade.
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Japan loses market share overall (from 10.8% to 9.3%). It has a lower WMS in 2000 in
level 1 exports (due to a fall in auto components) and a higher WMS in level 4 (ADP
machines and components), with another fall in level 5.

The USA, by contrast, raises WMS overall, from 11.9% to 12.8%. It sees a significant
risein level 1 (a broad-based improvement in several products) but losesit in level 2 (led
by a fal in cigarette exports), raises it dightly in level 4 and maintains it in the other
categories.

Germany suffers a large decline in total WMS, from 14.2% to 9.8%, with a fall in all
levels except for 2.

Finland, a much smaller exporter than the others, loses overall WMS by one percentage
point, but the structure of its shares changes quite sharply, with stagnant paper product
exports shifting its ‘bulge’ from level 2 to level 3, where telecom apparatus drives its
export earnings.

Figure 3: World market sharesfor 4 industrialized countries by export sophistication

levels
Japan S— 1990 —n—zooq USA 0—1990 -ﬁ-ZOOQ
20% 25%
20%
15%
O 15% o
10%
° 10% ©
5% °© 5%
0% -t T T T T 1 0% -t T T T T 1
sL1 SL2 sL3 SL4 SL5 SL6 sL1 SL2 sL3 SL4 SL5 SL6
Germany O=1090 === 2000} Finland O 1990 e 200(]
25% 20% 1
20% 15% -
15%
g > 1.0%
10% <
- 0.5%
0% T T T T 1 | [0.0%
SL1 SL2 sL3 SL4 SL5 SL6 sL1 SL2 sL3 SL4 SL5 SL6




QEH Working Paper Series— QEHWPS 123 Page 22

6. SOPHISTICATION AT THE FOUR-DIGIT LEVEL

Let us now consider sophistication at the 4-digit level. We start with the scores for all the 766
products. Table 8 shows the top 20 and bottom 10 products in 2000, with scores and ranks for
these products in 1990.

Table 8: Top and bottom world exportsin sophistication at the 4-digit level, 2000
sITC 1990 2000
Code Product Rank Score Rank Score
M ost sophisticated 20 products
5843 | Cellulose acetates 50 90.73 1 100.00
7223 | Track-laying tractors 2 99.52 2 97.78
Armoured fighting vehicles, ams &
9510 | ammunition 17 93.65 3 96.43
6812 | Platinum and other metals of the pl 264 80.71 4 95.56
7126 | Steam & other vapour power units 7 96.13 5 94.57
Electrical measuring, checking, analysing
8748 | instruments 24 93.09 6 94.12
2120 | Fur-skins, raw 14 93.95 7 93.79
Int. combustion piston engines for marine
7133 | propulsion 9 95.73 8 93.57
7239 | Parts of civil engineering/contractors plant 46 90.89 9 93.30
2512 | Mechanical wood pulp 236 81.94 10 93.03
8744 | Instruments .for physical or chemical analysis 37 91.71 11 92.44
7741 | Electro-medical apparatus 5 98.05 12 92.20
0459 | Buckwheat, millet, canary seed, grain 168 84.87 13 91.37
2511 | Waste paper, paperboard for use in papermaking 35 91.93 14 89.93
8933 | Ornamental objects of resin, plastics, cellulose 524 64.13 15 89.87
7149 | Partsof non-electrical engines & motors 68 89.30 16 89.21
5155 | Other organo-inorganic compounds 60 89.68 17 89.08
7268 | Bookbinding machinery and parts 12 94.34 18 89.03
Uranium depleted in u235, thorium & their
6880 | alloys 539 62.98 19 89.01
7144 | Reaction engines 347 76.87 20 88.85
L east sophisticated 10 products
4245 | Castor ail 746 16.31 757 9.22
0611 | Sugars, beet and cane (raw, solid) 733 25.46 758 8.27
2613 | Raw silk 759 8.55 759 6.69
2713 | Fertilizers of natural calcium/alum. phosphate 761 6.65 760 5.66
2232 | Pam nuts and palm kernels 737 21.73 761 5.54
2640 | Jute & other textile bast fibresn.ess. 764 4.25 762 5.43
2655 | Manilahemp, raw or processed 765 2.01 763 4.68
4244 | Pamkernd oil 750 13.76 764 4.35
2714 | Potassium salts, natural or crude 763 5.07 765 419
2235 | Castor oil seeds 766 0.00 766 0.00

The leading products are a mix of technologically complex items (e.g. arms or specialized
equipment) and resource-based products exported by rich countries. In the latter category, the
advantage of rich countries lies in the possession of primary inputs (e.g. fur-skins or wood
pulp), the use of capita-intensive technologies, or the subsidization of local production (e.g.
various grains). The bottom ones are also resource-based products, but here the raw materials
are mainly tropical. As at the 3-digit level, the 4-digit scores are fairly stable over time (the
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correlation coefficient of the 1990 and 2000 scores is 0.88), but some products change ranks
significantly. The most sophisticated product in 2000, cellulose acetates, moves up from 50"
place in 1990, while the most sophisticated product in 1990, ‘ships, boats, other vessels for
breaking up’, falls to 567" place in 2000.

6.1 SOPHISTICATION BY TECHNOLOGY CATEGORY

The sophistication index can be used, not only to compare products in general but also to
assess how products at fine levels of disaggregation perform within technological categories
or industries. The methodology is similar in both cases The values for each product in each
technological or industry category are calculated as before. However, we now standardize the
values relative to the technology or industry norm. Hence within each category the product
with the highest dollar value is normalized at 100 and the least at zero. Sophistication scores
are now calculated separately for each category (or industry) at the four-digit level. They are
not comparable across categories (or industries) but they are comparable across countries
and regions. This set of scores does not match the scores for al the products together, though
the order of activities according to sophistication within each category (or industry) is of
course identical to that in the general score.

Table 9 gives summary results showing the weighted average scores by technological
category for regions and some large exporting economies. # The data here can be subject to
much richer analysis if broken down further, but a number of genera points can be made..

Table9: Average sophistication scores by technology category 2000 by region and countries

Category Developed East Korea China South India Latin Mexico Sub-
Asia Asia America Saharan
Africa
RB1 74.49 55.34 72.58 56.77 54.26 53.63 59.58 69.29 55.96
RB2 68.44 60.24 60.69 61.74 57.21 57.16 44.59 60.99 52.83
LT1 48.15 40.89 51.52 36.14 33.52 35.54 41.01 39.94 40.88
LT2 66.95 58.38 64.77 50.57 58.57 58.91 62.27 61.69 63.58
MT1 73.39 65.85 72.58 53.21 67.74 67.71 72.51 72.51 73.12
MT2 68.85 58.30 57.94 50.09 54.47 56.96 58.18 62.54 47.43
MT3 71.45 56.83 59.23 51.85 71.18 70.86 58.46 56.16 66.97
HT1 5251 46.49 46.50 45.28 52.43 52.48 45.06 44.80 50.62
HT2 79.05 65.10 78.04 59.01 71.00 70.99 64.74 69.01 71.78

Notes: The categories are as follows: RB1 is agro-based manufactures, and RB2 mineral-based manufactures. LT1 is
"fashion cluster" and LT2 is other low technology manufactures. MT1 is automotive products, MT2 is process industry
products and MT3 is engineering products. HT1 is high technology electronics and electrical products and HT2 is other high
technology products. The classification follows Lall (2000).

First, of the developing regions or countries in the table only Korea comes close to the
average sophistication scores of developed countries as a group and even here only in four
technology categories. Korea shows particular strength in its low technology sectors (textiles,
footwear, garments and sports goods), which can be taken as an indicator of its technological
upgrading in these areas.

Second, China, despite its rapid export growth still had a relatively unsophisticated export
structure. For example, its sophistication score in medium technology (such as engineering,
capital goods and industrial chemicals) and high technology (such as electronics and

29 \We use the technology categoriesin Lall (2000).
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electricals) is lower than that of India (but see point four below). It is also below Latin
Americain low technology and some medium and high technology goods.

Third, some resource-based manufactured exports are, not surprisingly, location specific due
to the availability of natural resources. This may explain the relatively low sophistication
scores for resource-based manufactures from Latin America: exporters may be specializing in
goods using resources not widely available in developed economies.

Fourth, these scores take no account of export volume in each category. Hence there is the
apparently anomalous result that Sub Saharan Africa and South Asia have relatively high
scores in high technology goods, despite their relatively small exports. The explanation lies
partly in the much narrower range of products exported by smaller players, and perhaps
partly in that global networks have by-passed them, leading to little specialization in Iabour-
intensive segments. Hence the small volumes of exports tend to be similar to goods from
devel oped economies. China, on the other hand, has lower scores in these categories precisely
because of its success in goods not exported by devel oped economies.

6.2 CHANGESIN SOPHISTICATION OVER TIME

Change in sophistication scores over time capture shifts in the location of export production
between different income groups, and, by implication, the impact of changesin production
fragmentation, local capabilities, transportability, trade arrangements, and so on While the
scores per se do not alow us to distinguish between these factors affecting location —
sophistication analysis at higher levels of disaggregation may be more helpful — they do
provide useful preliminary insights.

Table 10 shows changes in location patterns over the 1990s for selected product groups and
broad technology categories. In the selected product groups, location is relatively stable (i.e.
correlation coefficients between the 1990 and 2000 scores are relatively high) for
textiles/yarn and telecom equipment, presumably because most shiftsin export location took
place before 1990.%®

There is more relocation in electrical machinery, office machinery and clothing & apparel.
The group with the lowest correlation coefficient and the greatest shift is ‘other transport
equipment’ (railway vehicles, aircraft and ships/boats). The shift here is mainly to the richer
countries, with significant rises in sophistication scores for some railway egquipment, most
aircraft and warships.

Within each group, there are interesting differences at the product level in changes in
sophistication scores, some products moving to poorer countries and others to richer ones. By
technology groups, high technology products show relatively large shifts because of
production fragmentation. Within RB products, agro-based products (RB2) show much larger
shifts that mineral-based ones (RB1), perhaps because of greater opportunities for poor
countries to improve their raw material base in the former by raising productivity or adding
value in processing.

30 As the three-digit scores for these industries show, both have low overall scores, with a substantial part of export activity based in
lower income countries.
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Table 10: Stability of sophistication scores by selected product and technology category (4-digit level)

Product group (SITC 2 digit group) Number of 4 digit Correlation coefficients, 1990 & 2000
products
Iron and steel (67) 22 0.86
Textiles and yarn (65) 45 0.91
Generd industrial machinery (74) 25 0.66
Office machinery (75)* 11 0.55
Telecommunications (76) 12 0.91
Electrical machinery (77) 25 0.60
Other transport equipment (79)** 16 0.18
Clothing and apparel (84) 26 0.59
Technology category Number of 4 digit Correlation coefficients, 1990 & 2000
products
RB1 104 0.92
RB2 89 0.76
LT1 77 0.88
LT2 78 0.80
MT1 16 0.93
MT2 84 0.85
MT3 104 0.81
HT1 38 0.70
HT2 28 0.68

* SITC 75 includes office machines and automatic data processing equipment
** Other transport equipment comprises railway vehicles, aircraft and ships & boats

For definition of technology categories see previous table.

In terms of the relation between overall sophistication scores (in 1990) and export growth
(over 1990-2000) at the four-digit level, the correlation coefficient is low (0.26). As at the
three-digit level, there is no significant relationship between the initial share of rich countries
and subsequent growth: thereisclearly industrial ‘catchrup’ in the export arena.

6.3 FOUR INDUSTRY CASE STUDIES

We illustrate further the application of the sophistication index for four industries: textiles
and clothing, automotives, electronics and industrial chemicals. The index calculation at the
industry level matches that for the technology categories explained above. Table 11 provides
background on the selected industries, showing the number of four-digit products in each, the
values of exports, the shares of developed and developing countries, and the shares of each
major developing region. It also shows the highest ranking obtained by the most sophisticated
product in each industry in the sophistication score for all 766 products in 2000.

The textiles and clothing industry (defined broadly to cover al types of fabrics and yarn,
including synthetics) has the largest number of items, the auto industry the smallest (but this
does not include related components like tires, batteries, electronics and so on that are
classified in the trade data under other industries). In technological terms, the most advanced
industry is electronics, followed by industrial chemicals, automotive products, and textiles
and clothing.
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Table 11: Background to industry cases

Textiles & Automotives Electronics Industrial
clothing chemicals
No. of 4-digit exports 100 10 30 41
Sophistication score of top product+ 133 116 12 17
World exports 1990 $219.6 b. $320.6 b. $312.4b. $109.1 b.
World exports 2000 $343.0 b. $570.4 b. $997.2b. $197.4b.
Compound growth rate 1990-2000 4.6% 5.9% 12.3% 6.1%
Share of developed countries, 2000* 52.2% 89.3% 75.2% 83.8%
Share of developing countries, 2000* 42.9% 4.7% 23.4% 11.6%
Regional share of developing world exports (2000)**
All developing countries 100% 100% 100% 100%
East Asia 67.7% 34.3% 88.5% 60.9%
South Asia 10.8% 1.1% 0.2% 5.9%
LAC 9.1% 58.2% 10.4% 18.0%
MENA 10.3% 3.7% 0.4% 0.4%
SSA 1.7% 2.8% 0.1% 0.1%

Notes: + Ranking of most sophisticated product in industry group in scores for al 766 four-digit exports, 2000
* Shares of developed and devel oping countries do not sum to 100% because transition economies are excluded here.
** Developing regionsinclude the relevant outliers. Chinain EA, Mexico in LAC, Indiain S Asiaand South Africain SSA

Within the developing world, East Asia dominates exports in all the industries apart from
automobiles, in which LAC leads. South Asiais margina in eectronics and autos, but plays
some role in the textiles and clothing and to a lesser extent in industrial chemicals. MENA is
close behind South Asia in textiles and clothing (largely because of Turkey) and has sme
auto exports (Turkey again), but is margina in the other two industries. SSA is margina in
all four, but its share is relatively large in autos because of recent South African exports.

Table 12: Export sophistication scoresby region for selected industries

Textiles & Industrial

clothing Automotive Electronics chemicals
Region 1990 2000 1990 2000 1990 2000 1990 2000
Developed 66.4 56.7 82.2 76.3 67.7 63.1 79.6 66.5
Developing 54.8 47.1 69.9 73.7 56.4 57.6 69.8 50.6
East Asia 56.0 484 720 75.3 56.4 57.8 75.6 53.8
SAsia 48.7 405 73.1 76.6 65.4 64.8 82.9 55.3
LAC 58.2 475 67.1 72.9 60.3 56.2 68.1 47.8
MENA 52.2 44.1 76.6 70.2 489 48.8 59.0 39.0
SSA 55.6 54.0 82.8 75.0 67.0 61.8 36.3 41.8

Table 12 shows the regional sophistication scores for the four industries. Not surprisingly,
developed countries have higher scores than developing ones in all industries, though the
sophigtication level declines in al four. The highest average scores are in automotive
products, where technological complexity and product weight combine to reduce the shift to
poorer countries. The lowest score is in textiles and clothing, where low technology and
labour-intensive processes have led to massive shifts in location. The electronics industry, as
noted earlier, has undergone a substantial shift despite its high R&D intensity, while
industrial chemical is somewhere in between it and the auto industry.

In terms of regional sophistication, the scores should be interpreted carefully bearing in mind
the huge differences in export size (and thus the diversity of products) and the role of the
dominant player in the region. In particular, scores for SSA may be misleading in that its
exports are very small and are dominated by South Africa (very much aregional outlier in its
level of industrial development). South Asian exports are a'so small and dominated by India



QEH Working Paper Series— QEHWPS 123 Page 27

East Asia has highest level of sophistication in textile and clothing exports (if SSA is
discounted), with LAC next and South Asia at the bottom (Annex 1 analyses these exports for
some countries Asia). The higher sophistication of EA is likely to reflect the upgrading of
exports in the advanced NIEs like the Republic of Korea and Taiwan, China. The auto
industry shows rather a narrow band of sophistication across the regions, probably reflecting
the narrow range of products and their clustering in the high sophistication levels — there is,
in other words, relatively little scope for specialization in different levels of sophistication in
this industry.

The electronics pattern suggests that the three tiny exporters specialize in different segments
of the industry: South Asia and SSA in high sophistication items and MENA in low
sophistication ones. However, this pattern clearly cannot be taken as representative of
national competencies. The two larger exporters, EA and LAC, have very similar
sophistication levels, and the relocation of the industry to EA in fact determines the location
pattern in the industry as a whole. If sophistication could be adjusted for local content, it is
likely that EA would come out far ahead of LAC, where Mexico, the dominant exporter, has
very low levels of loca inputs. By contrast, Asian Tiger economies have made significant
strides in terms of the design, development and production of products at al levels of the
value chain. The industrial chemicals industry shows a pattern roughly matching levels of
industrial development, with LAC and EA leading, South Asia in the middle, and SSA and
MENA lagging.

6.4 SOPHISTICATION RELATION TO INCOME LEVEL

Another way to use sophistication index data by industry is to consider how the standing of
countries by industry relative to their own income level has changed over time. Hence if
countries show arise in their outlier status, so that the difference between their actua index
score and that predicted for their income level rises, thisis prima facie evidence of upgrading
within the industry category concerned. Conversely where their actual score is below that
predicted and this gap widers, it may be evidence of downgrading. We conduct ssmple
regression analysis explaining the index by country income level within industries.

A few results are suggestive. In electronics China moves from a sophistication score over
20% below that predicted in 1990 to one almost exactly on the regression line for its income
level. India on the other hand has a sophistication index 9%-11% above that predicted
although there isadight fal in the difference between 1990 and 2000.

In textiles and clothing Korea upgrades, moving from an index score dlightly below that
predicted to one 7% above. Somewhat surprisingly, Argentina appears to be upgrading in this
industry: in 1990 and 2000 its index is well above the predicted level and this excess rises
from 7% to 13% between 1990 and 2000. On the other hand, Sri Lanka and India have scores
below that predicted, with the difference rising between 1990 and 2000.

In automotive products we find evidence of upgrading for both China and Taiwan as they
both move from situations of negative to positive outlier status between 1990 and 2000, with
an excess of actual over predicted scores in 2000 of 11% and 14% respectively. In Korea we
find the reverse with a move from a score nearly 20% above that predicted in 1990 to one 8%
below that predicted in 2000.
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For chemicals we find some evidence of downgrading in Korea with a score in 2000 5%
below that predicted. India, on the other hand, has a higher than predicted score in both years,
although the strength of its positive outlier status has diminished over time.

Such comparisons are only suggestive and it is difficult to draw strong inferences without
more specific information on technologies, production capacities and location factors. The
sophistication index cannot, as it stands, cast light on these factors; in combination with more
data, however, it can be a useful tool to anayse competitive performance. We should also
remember that further disaggregation may be necessary to understand complexity of products
and processes in terms that would clarify if countries are moving up or down the value chain.

7. CONCLUSIONS

‘Sophistication’ provides a new way of analyzing trade and location patterns and tracking
competitiveness. Its great advantage is that it can be calculated quickly at any level of detail
and for any period of time. In this it has an edge over existing taxonomies that classify
products according to parent industry characteristics and cannot provide unique scores for
products at disaggregated levels. Its main disadvantage is that it is not a specific technology
measure: it captures many other factors affecting export location, and care is needed in
interpreting the results.

In general, however, our initial results are plausible. Let us reiterate some main ones.
Sophistication correlates quite well with technology (for nonresource based manufactures)
except when its impact is diluted by fragmentation, which alows technology-intensive
activities to locate exports in countries that received theory would not predict. However, all
‘fragmentable’ activities (with discrete processes) do not fragment to similar extents:
sophistication provides a useful tool to map this and identify activities with ‘location inertia’ .
This can lead to further research on the causes of inertia— economies of agglomeration, links
with innovation systems, special skill needs, government policy and so on — and provide
insights to countries that wish to attract or upgrade those industries.

Resource-based exports have the obvious pattern that has little to do with income levels (that
ism countries export products for which they have the resources). However, there are
exceptions caused by technological factors (accumulated skills), marketing and brands, and
government protection and subsidization.

In the aggregate sophistication does not have a strong relationship with growth rates. Exports
by richer countries do not grow relatively fast: industrial catch-up means that exports by
poorer countries is likely to grow more rapidly, aided by relocation of activities within global
vaue chains. Thus, there is widespread (but not universal) ‘de-sophistication’ of
manufactured products. However the strength of the relationship between sophistication and
export growth in the 1990’'s varies by technology category with resource-based products
having the closest relationship.

Exports at the bottom of the sophistication scale do not grow rapidly. Most products in this
category have low income-elasticity of demand and may be suffering declining prices. The
poorest countries lack the industrial capabilities to move into more attractive products or
attract hi-tech production networks. Low wages per se are not the driver of relocation but low
wages for technicaly proficient workers, backed by modern infrastructure, suppliers and
other capability and ingtitutional factors needed for modern industry. By the same reasoning,
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having high per capita incomes is not a guarantee of a sophisticated export structure.
Countries may become rich without building advanced industrial skills and capabilities;
doing this requires specific strategies. This is clearly illustrated by the contrast between the
low sophistication export structure of Hong Kong China, one of the richest countries in East
Asia, and the more advanced export structures of other mature Tigers in the region.

The ‘de-sophistication’ process is highly skewed, a shift from high to middle income
countriesrather than to the poorest ones. There is a bulge in the middle of the sophistication
scale where the most dynamic exports concentrate. Regional sophistication scores in the
developing world conform broadly to expectations, with Latin America and East Asia a the
top and South Asia and Africa near the bottom.

While this paper is only a first cut at using the sophistication index, it suggests that the
technique can be useful in several ways. First, the scores carry much information of practica
and analytical value, if interpreted carefully. Second, the scores are product-specific and can
be as detailed as needed. This alows qualitative and econometric analysis in a way that
normal taxonomies do not. * Third, in conjunction with technology and value chain
information, sophistication data can be used to analyze fragmentation and location inertia.
Fourth, sophistication can be used for country competitiveness analysis, alowing a rapid
mapping of location shifts in exports of interest to a country. Within product segments it
could locate the country in terms of the skill and technology level of its exports. More
broadly, it can show if a country’s sophistication structure is in line with its income level. It
could also provide strategic insights on export performance, prospects and strategy. *

Sophistication is not a complete answer to the taxonomic needs of trade and industrial
analysis — perhaps no single measure can be — but it does move matters forward. More work
is needed to refine the index and construct other indices (geared to middle and low income
countries or to finer levels of product detail). It is hoped that this preliminary exploration will
stimulate such work.
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Annex Table 1: Export sophistication scoresfor 1990 and 2000, ranked by 2000 scores (SITC Rev 2, 3-digit)
World market
1990 2000 Value of exports ($m.) share Growth
2000 [ SITC Soph. | Soph. | Soph. | Soph. 1990-
Rank | code Product level | Score | level | Score 1990 2000 1990 2000 2000

1| 951  Armoured fighting vehicles, arms 1 98.12 1 100.00 5,305.8 5,327.8 0.21% 0.11% 0.04%
2 688 Uranium & thorium 5 64.69 1 91.86 30.8 24.6 0.00% 0.00% -2.23%
3 714 Engines & motors, non-electric 2 89.72 1 91.76 22,0135 47,353.6 0.85% 0.97% 7.96%
4 874 Measuring, checking, analysing instruments 1 94.85 1 90.83 36,365.6 72,086.9 1.41% 1.48% 7.08%
51 712 Steam & other vapour power units, steam engines 1 93.60 1 89.36 1,758.2 24775 0.07% 0.05% 3.49%
6| 774 Electric apparatus for medical purposes 1 100.00 1 89.31 7,641.7 14,403.3 0.30% 0.30% 6.54%
7| 728 Mach.& equipment for particular industries 1 90.08 1 89.08 37,882.7 74,349.6 1.47% 1.52% 6.98%
8| 723 Civil engineering & contractors plant 1 90.95 1 88.84 19,053.1 25,077.0 0.74% 0.51% 2.79%
9 584 Regenerated cellulose, cellulose nitrate etc. 1 91.97 1 88.72 1,972.7 2,286.9 0.08% 0.05% 1.49%
10| 792 Aircraft & associated equipment and components 1 95.69 1 88.44 62,601.3 107,964.3 2.43% 2.21% 5.60%
11 736 Mach. tools for working metal 1 92.87 1 88.00 24,361.4 31,053.0 0.95% 0.64% 2.46%
12| 726 Printing & bookbinding machinery & parts 1 98.88 1 87.95 10,938.6 13,839.9 0.42% 0.28% 2.38%
13| 882 Photographic & cinematographic apparatus 1 92.28 1 87.68 12,206.9 17,725.9 0.47% 0.36% 3.80%
14 737 Metal working machinery and parts 1 91.99 1 87.27 6,740.3 8,926.1 0.26% 0.18% 2.85%
15| 871 Optical instruments and apparatus 1 93.24 1 86.92 3,809.8 22,096.4 0.15% 0.45% | 19.22%
16 718 Other power generating machinery 2 88.85 1 85.20 3,149.5 4,960.7 0.12% 0.10% 4.65%
17| 725 Paper & pulp mill machinery 1 96.46 1 85.17 6,813.8 6,770.1 0.26% 0.14% [ -0.06%
18| 515 Organo-inorganic and heterocyclic compounds 3 81.93 1 85.10 11,597.8 30,532.7 0.45% 0.63% [ 10.16%
19| 524 Radio-active and associated materials 3 83.73 1 85.05 4,752.9 4,425.5 0.18% 0.09% | -0.71%




QEH Working Paper Series— QEHWPS 123 Page 32

20 722 Tractorsfitted or not with power takeoffs 89.73 1 84.35 7,418.6 7,648.4 0.29% 0.16% 0.31%
21| 598 Miscellaneous chemical products, n.e.s. 88.60 1 83.99 21,154.2 42,479.9 0.82% 0.87% 7.22%
22 541 Medicinal and pharmaceutical products 86.48 1 83.91 36,276.7 106,455.4 1.41% 218% | 11.37%
23| 585 Other artificial resins and plastic materias 74.68 1 83.72 354.8 662.8 0.01% 0.01% 6.45%
24 | 742 Pumpsfor liquids, liquid elevators and parts 94.62 1 83.10 11,374.7 19,096.5 0.44% 0.39% 5.32%
25 744 Mechanical handling equip. and parts 91.82 1 83.09 23,295.0 35,726.5 0.90% 0.73% 4.37%
26| 872 Medical instruments and appliances 91.55 1 82.89 9,944.4 23,281.9 0.39% 0.48% 8.88%
27 784 Automotive parts & accessories 87.98 1 82.69 84,686.1 140,960.9 3.29% 2.89% 5.23%
28| 514 Nitrogen-function compounds 89.83 1 82.48 17,113.6 34,659.2 0.66% 0.71% 7.31%
29 721 Agricultural machinery and parts 90.04 1 82.32 9,015.5 10,665.1 0.35% 0.22% 1.69%
30| 713 Internal combustion piston engines 87.48 1 82.28 36,101.8 67,804.9 1.40% 1.39% 6.51%

Total sophistication level 1 535,732.2 981,123.2 | 20.80% 20.10% 6.24%
31| 551 Essentia oils, perfumes and flavours 78.52 2 82.05 3,571.5 7,558.1 0.14% 0.15% 7.78%
32 885 Watches and clocks 85.67 2 81.97 14,022.5 13,8734 0.54% 0.28% -0.11%
33| 035 Fish, dried, salted, smoked or in brine 81.62 2 81.87 2,133.0 2,417.0 0.08% 0.05% 1.26%
34 267 Other man-made fibres for spinning & waste 85.02 2 81.86 2,575.2 2,214.6 0.10% 0.05% -1.50%
35 743 Pumps, compressors, fans, blowers, centrifuges 91.43 2 81.55 19,716.7 38,920.6 0.77% 0.80% 7.04%
36| 233  Synthetic rubber latex 85.36 2 81.26 4,660.7 6,001.8 0.18% 0.12% 2.56%
37| 898 Musical instruments, parts and accessories 85.07 2 80.64 18,524.0 33,112.9 0.72% 0.68% 5.98%
38| 676 Rails and railway track construction material 80.14 2 80.53 255 - 0.00% 0.00% 100.000/;
39 745 Other non-electrical mach .tools, apparatus & parts 95.41 2 80.46 16,066.4 22,474.8 0.62% 0.46% 3.41%
40 122 Tobacco manufactured 2 79.82 0.45% 0.30% 2.46%
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90.50 11,486.1 14,652.1

41 663 Mineral manufactures, n.e.s. 86.51 2 79.70 8,564.2 13,475.7 0.33% 0.28% 4.64%
42| 641 Paper and paperboard 89.46 2 79.68 50,316.7 75,936.5 1.95% 1.56% 4.20%
43 781 Passenger motor cars, for transport 91.99 2 79.62 167,456.9 298,482.0 6.50% 6.11% 5.95%
44| 533 Pigments, paints, varnishes & related materias 87.29 2 79.61 11,761.3 23,448.3 0.46% 0.48% 7.14%
45 411 Animal oils and fats 88.05 2 78.81 1,097.3 1,261.1 0.04% 0.03% 1.40%
46 | 749 Non-€electric parts and accessories 88.50 2 78.70 36,891.5 64,560.3 1.43% 1.32% 5.76%
47 282 Waste and scrap metal of iron or stedl 88.81 2 78.56 5,006.3 6,986.7 0.19% 0.14% 3.39%
48| 873 Meters and counters, n.e.s. 94.04 2 78.24 1,352.7 2,659.2 0.05% 0.05% 6.99%
49 553 Perfumery, cosmetics and toilet preparations 73.83 2 77.91 10,069.1 22,686.4 0.39% 0.46% 8.46%
50| 783 Road motor vehicles, n.e.s. 87.44 2 77.70 6,570.3 16,070.8 0.26% 0.33% 9.36%
51 791 Railway vehicles & associated equipment 77.57 2 77.44 4,613.5 8,100.6 0.18% 0.17% 5.79%
52| 727 Food processing machines and parts 87.50 2 77.08 52331 5,555.0 0.20% 0.11% 0.60%
53| 073 Chocolate & other preparations containing cocoa 80.22 2 77.02 4,172.4 6,843.2 0.16% 0.14% 5.07%
54 724 Textile & leather machinery and parts 92.27 2 76.94 21,887.0 19,197.7 0.85% 0.39% -1.30%
55| 695 Toolsfor usein hand or in machines 85.62 2 76.86 12,198.8 20,149.3 0.47% 0.41% 5.15%
56 012 Meat & edible offal, salted, in brine 86.43 2 76.70 1,518.1 1,600.9 0.06% 0.03% 0.53%
57| 024  Cheeseand curd 83.42 2 76.69 7,917.0 9,889.2 0.31% 0.20% 2.25%
58 628 Articles of rubber, n.e.s. 83.59 2 76.44 4,798.2 11,058.9 0.19% 0.23% 8.71%
59 582 Condensation, polycondensation & polyaddition 88.95 2 76.35 16,155.9 30,376.7 0.63% 0.62% 6.52%
60| 884  Optical goods, n.es. 84.10 2 76.21 4,636.0 9,337.7 0.18% 0.19% 7.25%

Total sophistication level 2 474,997.7 788,901.5 18.44% 16.16% 5.20%
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61

62

63

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81
82

881

782

664

592

778

621

741

023

516

751

694

583

772

247

269

674

098

288

895

591

513
248

Photographic apparatus and equipment

Motor vehicles for transport of goods

Glass

Starches, inulin & wheat gluten

Electrical machinery and apparatus, n.e.s.
Materials of rubber (e.g. pastes, plates, sheets, etc.)
Heating & cooling equipment and parts

Butter

Other organic chemicals

Office machines

Nails, screws, nuts, bolts etc. of iron
Polymerization and copolymerization products
Elect. app. such as switches, relays, fuses etc.
Other wood in the rough or roughly squared
Old clothing and other old textile products
Universals, plates and sheets, of iron

Edible products and preparations n.e.s.
Non-ferrous base metal waste and scrap n.e.s.
Office and stationery supplies, n.e.s.
Disinfectants, insecticides, fungicides

Carboxylic acids,& their anhydrides
Wood, simply worked, and railway sleepers

93.24

90.83

83.56

78.79

88.18

84.26

89.91

72.83

89.32

89.50

81.33

82.84

90.50

69.34

86.16

81.18

75.04

84.31

85.07

86.92

86.00

Page 34

3 7588
3 7580
3 7571
3 7511
3 7483
3 7469
3 7467
3 7444
3 7442
3 7436
3 7428
3 7404
3 7391
3 7333
3 7321
3 7318
3 7314
3 7312
3 7280
3 7263
3 7179
3 7170

7,259.5
38,067.0
9,352.2
4,641.0
36,738.9
3,984.8
23,045.0
2,947.8
6,871.7
11,085.0
6,584.2
47,119.1
35,297.1
6,223.6
759.1
37,745.2
7,337.6
5,947.0
4,384.0
7,242.2

9,898.8

16,539.5
56,985.5
20,036.6
8,701.4
97,259.5
7,419.4
40,379.1
2,652.1
13,724.7
12,886.4
11,920.0
83,997.1
90,569.1
6,624.0
1,427.8
51,232.7
15,022.0
8,017.6
7,679.1
10,562.2

16,112.9

0.28%

1.48%

0.36%

0.18%

1.43%

0.15%

0.89%

0.11%

0.27%

0.43%

0.26%

1.83%

1.37%

0.24%

0.03%

1.47%

0.28%

0.23%

0.17%

0.28%

0.38%
0.70%

0.34%

1.17%

0.41%

0.18%

1.99%

0.15%

0.83%

0.05%

0.28%

0.26%

0.24%

1.72%

1.86%

0.14%

0.03%

1.05%

0.31%

0.16%

0.16%

0.22%

0.33%
0.49%

8.58%

4.12%

7.92%

6.49%

10.23%

6.41%

5.77%

-1.05%

7.16%

1.52%

6.12%

5.95%

9.88%

0.63%

6.52%

3.10%

7.43%

3.03%

5.77%

3.85%

4.99%
2.85%
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75.43 18,064.5 23,9155

83| 048 Cereal preps. of flour of fruits & vegetables 78.94 3 71.70 9,523.3 17,517.3 0.37% 0.36% 6.28%
84| 531 Synthetic org. dyestuffs, etc. natural indigo 89.00 3 71.41 7,611.1 8,665.7 0.30% 0.18% 1.31%
85| 642 Paper and paperboard, cut to size or shape 85.29 3 71.40 13,056.3 24,1134 0.51% 0.49% 6.33%
86| 251 Pulp and waste paper 81.57 3 71.27 17,262.2 22,396.8 0.67% 0.46% 2.64%
87 699 Manufactures of base metal, n.e.s. 81.37 3 71.25 23,796.9 48,526.0 0.92% 0.99% 7.39%
88| 711 Steam & other vapour generating boilers 85.11 3 71.20 1,994.2 2,480.9 0.08% 0.05% 2.21%
89| 764 Telecommunications equipment and parts 85.78 3 70.99 56,766.1 206,333.3 2.20% 423% | 13.78%
0 111 Non alcoholic beverages, n.ess. 69.71 3 70.65 2,297.6 5119.1 0.09% 0.10% 8.34%
Total sophistication level 3 462,902.8 938,816.5 | 17.97% 19.23% 7.33%

91| 511 Hydrocarbons n.e.s., halogen & other derivatives 77.69 4 70.38 15,797.3 22,918.8 0.61% 0.47% 3.79%
92 678 Tubes, pipes and fittings, of iron or steel 82.04 4 70.32 19,046.3 21,730.5 0.74% 0.45% 1.33%
93| 523 Other inorganic chemicals 77.22 4 70.03 7,876.8 12,052.8 0.31% 0.25% 4.35%
e 335 Residual petroleum products n.e.s. 77.52 4 69.56 5,183.5 10,918.8 0.20% 0.22% 7.73%
95| 554 Soap, cleansing and polishing preparations 80.45 4 69.44 6,943.4 12,738.1 0.27% 0.26% 6.26%
96 | 893 Articles of plastics, resins, cellulose 80.50 4 69.20 28,728.7 62,055.1 1.12% 1.27% 8.01%
97 112 Alcoholic beverages 72.10 4 69.15 18,875.8 28,300.2 0.73% 0.58% 4.13%
98| 776 Thermionic, cold & photo-cathode valves 75.60 4 68.83 59,098.6 284,417.1 2.29% 583% [ 17.01%
99 716 Rotating electric plant and parts 87.70 4 68.53 13,205.6 28,5334 0.51% 0.58% 8.01%
100 | 785 Motorcycles, motor scooters, invalid carriages 80.51 4 68.15 9,834.0 20,478.6 0.38% 0.42% 7.61%
101 689 Misc. non-ferrous base metals 79.69 4 68.07 1,606.5 3,454.6 0.06% 0.07% 7.96%
102 | 793  Ships, boats and floating structures 79.98 4 67.95 26,644.1 39,359.6 1.03% 0.81% 3.98%
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103 265 Vegetable textile fibres and waste 46.46 4 67.80 362.7 597.8 0.01% 0.01% 5.12%
104 | 625 Rubber tyres, tyre cases, etc. for wheels 76.87 4 67.15 15,959.3 24,641.2 0.62% 0.50% 4.44%
105 677 Iron/steel wire, not insulated 75.56 4 66.56 3,240.7 3,652.8 0.13% 0.07% 1.20%
106 | 692 Metal containers for storage and transport 80.56 4 66.56 4,736.2 6,565.8 0.18% 0.13% 3.32%
107 752 Automatic data processing machines 82.18 4 66.36 67,418.1 188,641.1 2.62% 3.86% | 10.84%
108 562 Fertilizers, manufactured 71.49 4 65.87 11,846.5 14,095.5 0.46% 0.29% 1.75%
109 | 899 Other miscellaneous manufactured articles 69.18 4 65.71 10,463.2 20,871.9 0.41% 0.43% 7.15%
110 512 Alcohols, phenols, phenol-alcohols & derivatives 77.59 4 65.23 7,793.3 13,477.2 0.30% 0.28% 5.63%
111 | 691  Structuresof iron, steel, aluminium 80.82 4 65.20 9,106.9 13,255.2 0.35% 0.27% 3.82%
112 673 Iron and steel bars, rods, angles, shapes 67.87 4 64.42 19,746.3 21,742.6 0.77% 0.45% 0.97%
113 | 657 Special textile fabrics and related products 77.42 4 64.28 11,108.3 20,029.4 0.43% 0.41% 6.07%
114 763 Gramophones, dictating, sound recorders 85.45 4 64.01 15,423.3 24,960.4 0.60% 0.51% 4.93%
115 759 Parts/accessories for office and ADP machines 83.31 4 63.18 47,956.7 150,491.4 1.86% 3.08% [ 12.12%
116 | 665  Glassware 70.57 4 63.07 6,718.7 9,950.3 0.26% 0.20% 4.01%
117 046 Meal and flour of wheat and flour of medlin 76.16 4 62.65 1,702.4 1,698.2 0.07% 0.03% -0.02%
118 | 047  Other cereal mealsand flours 66.81 4 62.29 237.9 417.9 0.01% 0.01% 5.80%
119 771 Electric power machinery and parts 81.81 4 61.70 10,5409 31,663.0 0.41% 0.65% [ 11.63%
120 | 693 Wire products and fencing grills 71.43 4 60.92 3,469.2 4,731.2 0.13% 0.10% 3.15%

Total sophistication level 4 460,671.5 1,098,440.2 | 17.89% 22.50% 9.08%
121 | 062 Sugar confectionery and other sugar 72.26 5 60.74 2,009.1 3,935.1 0.08% 0.08% 6.95%
122 522 Inorganic chemical elements, oxides 70.02 5 60.61 12,026.8 15,857.2 0.47% 0.32% 2.80%
123 | 672 Ingots and other primary forms, of iron and steel 5 59.96 0.69% 0.53% 3.81%
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124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

014

656

659

667

266

635

821

812

773

572

679

775

532

334

654

662

897

786

696

894

431

Meat & edib. offal, prep./pres. fish

Tulle, lace, embroidery, ribbons, other small wares
Floor coverings, etc.

Pearls, precious & semi-prec. Sones

Synthetic fibres suitable for spinning

Wood manufactures, n.es.

Furniture and parts thereof

Sanitary, plumbing, heating, lighting fixtures
Equipment for distributing electric current
Explosives and pyrotechnic products

Iron & steel castings, forgings & stampings, rough
Household type, elect. & non-electrical equipment
Dyeing & tanning extracts; synthtanning materials
Petroleum products, refined

Textile fabrics, woven, other than cotton

Clay construct. materials & refractory products
Jewellery, other articles of precious metals
Trailers & other vehicles, not motor

Cutlery

Baby carriages, toys, games and sports goods

Animal & vegetable oils and fats

67.78

68.21

69.01

63.47

58.28

72.93

69.97

78.73

78.46

77.42

68.17

72.34

80.11

64.35

57.62

61.58

74.73

70.37

69.43

72.21

60.97

58.33
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5  50.88
5 5886
5 5878
5 5872
5  57.95
5  57.92
5  57.89
5  57.79
5  57.39
5  57.32
5  56.08
5 5470
5 5460
5 5451
5 5439
5 5384
5 5384
5 5366
5 5352
5 5132
5 5126

17,707.7

3,947.1
2,764.9
7,687.8
24,132.3
38311
8,057.1
29,066.7
8,752.9
13,284.8
1,324.7
2,583.2
20,308.5
558.6
78,781.0
81115
7,385.5
13,088.6
6,936.7
2,529.0
19,343.8

2,0435

25,733.7

5,592.0
5,227.2
9,123.1
49,827.6
4,584.5
16,447.8
61,736.7
16,317.2
37,1101
1,161.8
4,602.2
34,443.6
862.3
156,343.5
8,699.4
10,010.4
20,915.2
10,911.9
4,570.7
34,966.2

3,018.7

0.15%

0.11%

0.30%

0.94%

0.15%

0.31%

1.13%

0.34%

0.52%

0.05%

0.10%

0.79%

0.02%

3.06%

0.31%

0.29%

0.51%

0.27%

0.10%

0.75%

0.08%

0.11%

0.11%

0.19%

1.02%

0.09%

0.34%

1.26%

0.33%

0.76%

0.02%

0.09%

0.71%

0.02%

3.20%

0.18%

0.21%

0.43%

0.22%

0.09%

0.72%

0.06%

3.55%

6.58%

1.73%

7.52%

1.81%

7.40%

7.82%

6.43%

10.82%

-1.30%

5.94%

5.42%

4.44%

7.09%

0.70%

3.09%

4.80%

4.63%

6.10%

6.10%

3.98%
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145 | 634 Veneers, plywood, improved or reconstructed 49.07 5 51.07 9,255.0 13,609.7 0.36% 0.28% 3.93%
146 | 655 Knitted or crocheted fabrics 63.21 5 50.75 6,023.8 13,3834 0.23% 0.27% 8.31%
147 | 286 Ores and concentrates of uranium and thorium 66.62 5 49.56 220 352.6 0.00% 0.01% | 31.95%
148 | 423 Fixed vegetable oils, soft, crude, refined 51.00 5 49.39 6,132.8 7,534.0 0.24% 0.15% 2.08%
149 613 Fur skins, tanned/dressed 70.16 5 49.15 947.0 846.7 0.04% 0.02% -1.11%
150 | 056 Veg, roots & tubers, prepared/preserved n.e.s. 50.02 5 48.86 4,400.2 5,679.4 0.17% 0.12% 2.58%

Total sophistication level 5 323,044.0 583,404.1 | 12.54% 11.95% 6.09%
151 | 289 Ores & concentrates of precious metals 70.07 6 47.80 1,2229 3,319.7 0.05% 0.07% [ 10.50%
152 058 Fruit, preserved, fruit preparations 46.27 6 47.76 8,524.2 12,025.0 0.33% 0.25% 3.50%
153 653 Fabrics, woven, of man-made fibres 61.56 6 47.68 21,681.6 28,674.2 0.84% 0.59% 2.83%
154 | 761  Televisionreceivers 67.02 6 47.66 16,698.5 27,538.4 0.65% 0.56% 5.13%
155 652 Cotton fabrics, woven 56.77 6 45.80 14,792.1 19,732.0 0.57% 0.40% 2.92%
156 | 651  Textileyarn 62.67 6 45.73 23,136.2 31,4974 0.90% 0.65% 3.13%
157 697 Household equipment of base metd, n.e.s. 67.44 6 45.38 5,789.3 10,852.1 0.22% 0.22% 6.49%
158 | 611 Leather 58.53 6 43.37 9,157.6 14,253.2 0.36% 0.29% 4.52%
159 847 Clothing accessories of textile fabrics 52.05 6 42.52 4,797.1 8,409.0 0.19% 0.17% 5.77%
160 661 Lime, cement, fabricated construction materias 55.63 6 41.27 7,321.0 10,558.6 0.28% 0.22% 3.73%
161 | 061  Sugar and honey 48.94 6 39.70 8,705.5 8,670.4 0.34% 0.18% | -0.04%
162 | 612 Manufactures of leather/of composition leather 45.55 6 38.81 3,665.8 6,325.9 0.14% 0.13% 5.61%
163 | 845 Outer garments and other articles, knitted 44.99 6 38.20 25,079.5 41,335.2 0.97% 0.85% 5.12%
164 846 Under garments, knitted or crocheted 44.06 6 38.03 11,814.2 30,188.5 0.46% 0.62% 9.84%
165| 633  Cork manufactures 6 37.56 1,226.1 0.03% 0.03% 4.67%
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32.72 776.6

166 666 Pottery 64.87 6 37.26 4,030.5 5,027.8 0.16% 0.10% 2.24%
167 | 037 Fish, crustaceans and molluscs, prepared 51.42 6 35.99 5,780.6 9,172.8 0.22% 0.19% 4.73%
168 762 Radio-broadcast receivers 50.66 6 35.94 11,3141 15,546.2 0.44% 0.32% 3.23%
169 | 287 Ores and concentrates of base metal 49.52 6 35.80 14,076.0 19,381.5 0.55% 0.40% 3.25%
170 843 Outer garments, women's, of textile fabrics 51.96 6 32.89 25,369.2 43,347.5 0.99% 0.89% 5.50%
171 | 281 Iron ore and concentrates 40.48 6 32.86 7,790.6 8,576.9 0.30% 0.18% 0.97%
172 671 Pig iron, spiegeleisen, spongeiron, iron & steel 50.25 6 31.62 6,730.5 8,428.3 0.26% 0.17% 2.27%
173 | 844 Under garments of textile fabrics 35.79 6 31.49 6,862.4 13,351.0 0.27% 0.27% 6.88%
174 842 Outer garments, men's, of textile fabrics 47.29 6 30.19 16,530.7 31,204.4 0.64% 0.64% 6.56%
175 851 Footwear 43.72 6 29.90 26,752.9 33,479.7 1.04% 0.69% 2.27%
176 323 Briquettes; coke, semi-coke of coal, lignite, peat 74.50 6 28.98 1,977.7 2,206.4 0.08% 0.05% 1.10%
177 831 Travel goods, handbags, brief-cases etc 50.02 6 28.61 6,349.0 11,500.0 0.25% 0.24% 6.12%
178 | 658 Made-up articles of textile materials 37.68 6 26.28 8,087.2 16,302.8 0.31% 0.33% 7.26%
179 848 Art. of apparel & clothing accessories 37.73 6 24.72 9,622.5 12,352.5 0.37% 0.25% 2.53%
180 | 424 Other fixed vegetable oils, fluid or solid, crude 20.26 6 16.18 3,479.7 6,801.0 0.14% 0.14% 6.93%
181 264 Jute & other textile bast fibres, n.e.s. 0.0 6 0.00 146.2 87.2 0.01% 0.00% -5.04%

Total sophistication level 6 318,061.9 491,371.6 | 1235%  10.06% 4.45%

Total all manufactured exports 2,575,410.1 4,882,057.0 | 100.00%  100.00% 6.60%




